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I ABSTRACT

Rat numbers were monitored in paired 4-ha treatment and non-treatment plots, in both wet and
mesic forest sites, before and after hand-broadcast application (simulating aerial application) of
Ramik® Green pelletized baits containing 0.005% (50 ppm) diphacinone in the treatment plots.
Radio-telemetry revealed that rat numbers in both treatment plots were reduced by 100% within
about 1 week. Live-trapping and monitoring non-toxic census bait blocks for signs of rat
gnawing indicated a reduction in rat numbers of 98—-100% in the 2—4 weeks after the initial bait
applications, and generally 70-100% in the 2-4 weeks after subsequent bait applications.
However, these two methods did not accurately measure efficacy, because there could have been
immigration of rats after bait application. None of the rats captured in the treatment plots 2—4
weeks after bait application had been ear-tagged in the treatment plots before bait application
(i.e., they were not recaptures), whereas, on average, 22% of the rats captured in the non-
treatment plots were recaptures. This supports the interpretation that the rats that were captured
in the treatment plots 2—4 weeks after bait application were immigrants rather than survivors of
the treatment. Black Rats (Rattus rattus) comprised about 75% of rats captured in the wet forest
and 97% of rats captured in the mesic forest. The proportion of Black Rats captured in the
treatment plot in the wet forest decreased and Norway Rats (R. norvegicus) increased 2—4 weeks
after bait application. The age and sex ratios of rats captured in the treatment plots were similar
before and 2-4 weeks after bait application. Rat populations in the treatment plot in the wet
forest recovered to pre-poison levels within about 8—12 weeks of bait application, presumably by
immigration of rats from surrounding areas. Non-target mortality included the House Mouse
(Mus musculus) and Indian Mongoose (Hespestes auropunctatus). No birds were found dead but
residues of diphacinone were found in the livers of three species of introduced birds, and also in
the mice and mongoose. Based on the success of this and previous studies, we recommend that
an aerial-broadcast application of Ramik® Green baits be made in a conservation area in Hawaii
to evaluate the effectiveness of this technique for the control of rat populations.

II. INTRODUCTION

A. BACKGROUND

Alien small mammal predators have had devastating impacts on insular environments worldwide
(Atkinson 1977, 1985; Buckle and Fenn 1992; Moors et al. 1992; Seto and Conant 1996). In
Hawaii', evolution of the flora and fauna occurred in a relatively high degree of isolation, and
native plants and animals are unusually susceptible to selection pressures from non-native animal
species. Today, native Hawaiian wet forests harbor much of the remaining endemic biological
diversity. Hawaiian mesic forests cover less area than do wet forests and have been much
disturbed by human activities, but those in protected areas support a diversity of native woody
plant species. The impact of introduced predators on forest health and ecosystem properties in
these habitats is poorly understood. Four species of introduced rodents, the Black Rat (Rattus
rattus), Polynesian Rat (R. exulans), Norway Rat (R. norvegicus) and House Mouse (Mus

' Hawaiian names are spelt without diacritical marks except in literature citations and attached documents.

Page 9 of 224



musculus) are found in a variety of habitats in Hawaii, from sea level to 3050 m elevation (Stone
1985; Tomich 1986; Lindsey et al. 1999). These rodents, together with the introduced Feral Cat
(Felis catus) and Indian Mongoose (Hespestes auropunctatus) inhabit forest habitat in varying
“degrees of sympatry with native Hawaiian forest birds, plants, and invertebrates (Tomich 1986;
Sugihara 1997, Stone and Pratt 2002; USGS/BRD unpubl. data).

Depredation of eggs, nestlings, and adult birds by introduced mammalian predators has been
widely postulated as a leading cause of the accelerated decline and extirpation of endemic
Hawaiian avian species and as a major factor limiting present populations of endangered forest
birds (Atkinson 1977, 1985; Berger 1981; Scott et al. 1986). In addition, rats prey on native
Hawaiian tree snails (Achatinella spp.) (Hadfield et al. 1993) and insect larvae (Sugihara 1997).
Rats may also compete for food with the Hawaiian Crow (Corvus hawaiiensis) and Omao
(Myadestes obscurus) (Scott et al. 1986), and with some endemic insectivorous bird species such
as the Akiapolaau (Hemignathus munroi) and Hawaii Creeper (Oreomystis mana) that specialize
on large conspicuous invertebrates (Stone and Scott 1985).

The size, arboreal behavior, and nocturnal habits of Black Rats make them the greatest rodent
threat to native forest birds. Both Black and Polynesian Rats are also known predators of ground
and burrow nesting birds (Baldwin 1945; Johnson 1945; Kepler 1967; Woodward 1972; Berger
1981; Tomich 1986). Norway Rats are generally restricted to cropland and areas inhabited by
humans, and are uncommon in forest habitats (Tomich 1986; USGS/BRD unpubl. data).

Fruits and seeds of many endemic plant species are also susceptible to predation by rats. Rats
are considered immediate and significant or potential threats to approximately 90 of the 97
species of native lobelioids tracked by the U.S. Fish and Wildlife Service as endangered,
threatened, or proposed species of concern. Identified impacts include bark-girdling, seed-
predation, and/or limiting fruit production (U.S. Fish and Wildlife Service 1996, 2002; JTUCN
2002). In a study carried out in wet montane forests on the island of Maui, Sugihara (1997)
reported a high frequency of fruits and seeds of native plants in rat stomachs; plant species
identified included Rubus hawaiiensis, Coprosma spp., and Pittosporum spp. Early reports of rat
damage in native wet forests included observations of predation on fruits and seeds of the
indigenous liane leie (Freycinetia arborea) (Perkins 1903) and endemic Loulu palms
(Pritchardia spp.) (Beccari and Rock 1921).

The impact of rats on endangered plants in wet forests is not well studied. In mesic forests of
Hawaii Volcanoes National Park, Black Rats damage flowers, fruit, seeds, and bark of the
endangered Hau Kuahiwi tree (Hibiscadelphus giffardianus) (Baker and Allen 1978). Bark-
stripping and seed predation have also been noted on other mesic forest tree species, including
Olopua (Nestegis sandwichensis), Pilo (Coprosma rhynchocarpa), Koa (Acacia koa), Hoawa
(Pittosporum hosmeri), Sandalwood (Santalum paniculatum), and Ae (Zanthoxylum dipetalum)
(Russell 1980; Scowcroft and Sakai 1984; Cuddihy and Stone 1990).

Ebenhard (1988) concluded that the Feral Cat was the most dangerous predator ever introduced
to islands by man, and cited 38 known or probable cases where cats have seriously affected the
abundance of prey populations. The role of Feral Cats as predators in Hawaii is poorly known,
but several findings suggest that they may be important predators of native birds. Snetsinger et
al. (1994) found remains of five banded birds in 30 cat scats collected near Puu Laau on Mauna
Kea, even though only a small percentage of birds in the area were banded (USGS/BRD unpubl.
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data). Van Riper (1980) watched a Feral Cat attack and eat a brooding female Palila (Psittirostra
bailleui), and van Riper (1978) found partial remains of Amakihi (Hemignathus virens) and
Elepaio (Chasiempis sandwichensis) in the stomachs of a mongoose and two cats collected at
Puu Laau. Richardson and Woodside (1954) thought that Feral Cats were serious predators on
nesting Dark-rumped Petrels (Pterodroma sandwichensis) on Mauna Kea.

Mongooses are not normally arboreal and are believed to have poor tree-climbing abilities.
However, they are adaptable predators and are known to take eggs, young, and adults of eight
species of Hawaiian birds Federally listed as endangered (Stone et al. 1995). They may also
occasionally kill forest birds which feed on or near the ground or fledglings which spend some
time on the ground before becoming proficient in flying.

There are only two methods (trapping and toxicants) available for controlling rats affecting
native animal and plant populations in forested areas of Hawaii. Trapping can be an effective
short-term nonchemical means of controlling rats in small or limited areas. Three products
containing diphacinone (0.005% or 50 ppm), a first-generation anticoagulant, in peanut butter or
fish flavors, have a special local needs registration in the State of Hawaii under section 24(c) of
the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) for use in bait stations against
rats in offshore islands, forests, and other noncrop areas. The fish-flavored products are also
registered for use against Indian Mongooses. However, trapping and use of bait stations are
labor intensive and impractical for controlling predators over large conservation areas. Studies at
Hakalau Forest National Wildlife Refuge have demonstrated that, while the use of diphacinone
bait blocks placed in bait stations was effective in reducing Black Rat populations, Polynesian
Rats appeared reluctant to accept the bait in its present formulation or distribution method
(Nelson et al. 2002). However, all Polynesian Rats ate placebo baits hand-broadcast on the
ground in Waiakea Forest Reserve (Dunlevy et al. 2000).

Rats are highly sensitive to anticoagulant toxicants. Multiple feedings on diphacinone baits are
required and most rat mortality generally occurs within 4-9 days (Swift 1998). Based on
standard laboratory bioassays, Swift (1998) recommended minimum exposure periods and bait
amounts of 7 days and 37.5 g of 0.005% diphacinone bait (Ramik® Green) for Black Rats and
6 days and 30.0 g for Polynesian Rats for effective control of wild rats in Hawaiian ecosystems.
A sublethal dose does not result in poisoning symptoms, eliminating the development of bait
shyness. The LDsy (lethal dose of chemical required to kill 50% of the population) is 0.3-7
mg/kg for rats, 3.0-7.5 mg/kg for dogs (Canis familiaris), 14.7 mg/kg for cats, 150 mg/kg for
pigs (Sus scrofa), 50-300 mg/kg for mice (Extoxnet 1993; IPCS 1995), and 0.18 mg/kg for
mongooses (Keith et al. 1990).

Keith et al. (1990) fed diphacinone (0.6 mg and 1.5 mg) to pigs for short periods (2-5 days). All
pigs survived and, when sacrificed, symptoms of toxicosis were not evident at necropsy. No
diphacinone residues were found in muscle tissues but low levels (0.54—0.83 ppm) were found in
liver samples. They noted that this is well below the therapeutic (5 mg) dose for humans. Even
at the highest level, more than ten tons of liver would need to be consumed to attain the human
therapeutic dosage. During baiting for mongoose control, a pig killed at the study site by
researchers showed no residual diphacinone after laboratory analysis (Keith et al. 1990).

Birds seem relatively tolerant to diphacinone; the LDsy for the Bobwhite Quail (Colinus
virginianus) was 1,630 mg/kg and the Mallard Duck (4nas platyrhynchos) was 3,158 mg/kg
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(IPCS 1995). The LCsy (lethal concentration required to kill 50% of the population) was
4,485 mg/kg for Bobwhite Quail and >10,000 mg/kg for Mallard Ducks in 8-day dietary studies
(IPCS 1995).

In secondary toxicity studies, Mendenhall and Pank (1980) observed no signs of intoxication in
two Barn Owls (7yto alba) that consumed diphacinone-killed rats over a 10-day period. In
another test, three Great-horned Owls (Bubo virginianus) and one Saw-whet Owl (degolius
acadicus) were fed two diphacinone-killed mice daily for 5 days. Three owls died within 14
days, suggesting that a potential hazard could exist under some field conditions (Mendenhall and
Pank 1980). Savarie et al. (1979) fed meat containing 2.7 ppm diphacinone to Golden Eagles
(Aquila chrysaetos) in laboratory tests for 5—7 days. All eagles survived but all showed varying
degrees of toxicity before recovery. These investigators suggested that a secondary hazard exists
for animals that feed repeatedly on contaminated tissue. Under field conditions, however,
contaminated prey may not be accessible to predators or scavengers (see below) and alternate
foods are likely to be available, reducing the possibility of secondary poisoning.

Lindsey and Mosher (1994) assessed the secondary hazard potential of diphacinone to raptors,
particularly the endangered Hawaiian Hawk or lo (Buteo solitarius) and the Hawaiian Owl or
Pueo (4sio flammeus), within forested areas. Results from their study suggested that hazards to
avian predators from baiting with 50 ppm diphacinone bait would be minimal. Kill-trapped dead
rats were located rapidly (average 2.9 days) by mammalian scavengers, and raptors did not
appear to recognize dead rodents lying on the forest floor as food items. Rats moving above
ground during the day, before and after consuming diphacinone bait, remained under cover,
minimizing their exposure to avian predators. Because of the short duration that diphacinone-
contaminated rats would be available for scavenging and the availability of a wide range of prey,
the potential risk for injury or death for Hawaiian Hawks or Hawaiian Owls as a result of
poisoning from diphacinone would be minimal.

The non-target secondary poisoning hazard resulting from the use of anticoagulants is also
reduced by the delay in death of the target species, which allows time for the cleaning of the gut
content, metabolism, and excretion of the toxicant (Godfrey 1985). Cox and Smith (1992)
showed that intake of food declined rapidly in anticoagulant-treated, caged Rattus norvegicus.
Presumably, bait consumption would also decline. Hooker and Innes (1995) reported that Black
Rats poisoned with the anticoagulant brodifacoum maintained normal nocturnal movements and
showed no nest change between dawn and dark, suggesting no daytime movements. Most rats
died in their nests or under cover, suggesting that few rats dying of anticoagulant poisoning
would be found in the open (Lindsey and Mosher 1994; Hooker and Innes 1995).

Over the past two decades, feral ungulates and many alien plant species have been successfully
eliminated or reduced in Special Ecological Areas (SEAs) within Hawaii Volcanoes National
Park (HAVO). The results of resource monitoring, including population studies of forest birds
and rare plants and invertebrates, indicate that control of small mammals is the next major
challenge for HAVO resource managers. Introduced rats, Indian Mongooses, and Feral Cats
have contributed to the loss or decline of many native species in HAVO, including 12 threatened
and endangered vertebrates (four of which are currently missing from HAVO). At least half of
the 19 naturally occurring threatened and endangered plant species of the park, as well as most of
the native plants listed as “species of concern”, have fleshy fruits or large seeds vulnerable to
rats. Rat predation on seeds, fruit, and invertebrates contributes to reduced food resources for
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forest birds, decreased populations of insect pollinators, and limited reproduction and spread of
some endemic plants. As a consequence, testing multi-species toxicants was ranked as the
highest priority for research in the 1997 Resources Management Plan for HAVO.

The broadcast application of rodenticides has been used successfully to control introduced
rodents for species conservation and ecosystem restoration in New Zealand (Moors et al. 1992;
Towns et al. 1993, 1994, 1995; Innes et al. 1995, 1999; Empson and Miskelly 1999) and could
potentially be used in Hawaii. Rat control is considered a high priority for many species and
ecosystem restoration plans in Hawaii. The apparent success of New Zealand predator control
efforts prompted the formation of a multi-agency Rodenticide Working Group to seek regulatory
approval for the use of similar techniques in Hawaii. Diphacinone was the rodenticide selected
to pursue for registration because of its effectiveness against rats, low risk to non-target species,
and short persistence in the environment.

We proposed to evaluate the efficacy and safety of hand-broadcast application (simulating aerial-
broadcast application) of pelletized baits containing 0.005% (50 ppm) diphacinone for rodent
control in wet and mesic forest habitats within SEAs in HAVO, to generate supporting data
needed for State and Federal regulatory approval of the technique (Appendices 1, 2, and 3). The
research was conducted under two State of Hawaii Experimental Use Permits (EUP-99-01 and
EUP-99-02) (Appendix 4), with the approval of the U.S. National Park Service (NPS), U.S. Fish
and Wildlife Service (FWS), State of Hawaii Division of Forestry and Wildlife (DOFAW), and
The Nature Conservancy (TNC) of Hawaii (Appendices 5-8), in coordination with the Hawaii
Department of Agriculture. A Biological Opinion prepared by FWS in accordance with
section 7 of the U.S. Endangered Species Act concluded that the study was not likely to
jeopardize the continued existence of the Hawaiian Hawk (Appendix 9). Additionally, FWS
concluded that the rodent control program may be beneficial to other endangered species within
the project area. An environmental assessment (Appendix 10) was accepted by the NPS
(Appendix 11). \

B. OBJECTIVES

The objectives of the original proposal (Appendix 1) with amendments (Appendix 2,
amendment 1) and deviations (Appendix 3) were to:

1. Determine the efficacy of hand-broadcast application of 0.005% diphacinone bait for the
control of rats in wet forest habitat.

2. Determine the efficacy of hand-broadcast application of 0.005% diphacinone bait for the
control of rats in mesic forest habitat.

3. Determine the disappearance rate of hand-broadcast 0.005% diphacinone bait from the forest
floor.

4. Monitor the secondary hazard potential of hand-broadcast 0.005% diphacinone bait.
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C. STUDY DESIGN

The study design consisted of separate wet forest and mesic forest study areas, each containing a
paired treatment and non-treatment plot, in which rat populations were monitored before and
after bait application

D. STUDY AREAS

Both the wet forest and mesic forest study areas were within Hawaii Volcanoes National Park
(HAVO). The paired treatment and non-treatment plots within each study area were 4 ha (10
acres) in size (200 x 200 m). A 12.5-m x 12.5-m grid was established in each plot, consisting of
17 transects, 12.5 m apart, with each transect flagged with markers at 12.5-m intervals (see
Appendix 2, amendment 2).

The wet forest study area was in the southwest corner of the Koa Management Unit within
‘Ola’a Forest, at approximately 1200 m elevation. This 800-ha unit was fenced in 1990 and has
been free of feral pigs (Sus scrofa) since 1994. The forest in this section of "Ola‘a is composed
of an open canopy of scattered large ‘ohi‘a trees (Metrosideros polymorpha) with an open
understory of mixed native trees and a dense lower layer of tree ferns (Cibotium spp.). The tree
fern layer is 2-5 m tall and has a dense cover of 80-90%. Ground cover consists primarily of
native ferns, shrubs, and sedges, but a few alien plants are also common here, particularly yellow
Himalayan raspberry (Rubus ellipticus) and banana poka (Passiflora mollissima). The treatment
plot (HAVO Transect 16) was separated from the non-treatment plot (HAVO Transect 18) by
450 m.

The mesic forest study areas (Kipukas Ki and Puaulu) are ancient kipukas on deep ash soil
surrounded by lava of the late prehistoric Keamoku flows. Both kipukas are on the lower slope
of Mauna Loa at 1200-1360 m elevation, and are approximately 8 km west of the wet forest
study site of "Ola’a Forest. Vegetation of the central part of the kipukas is composed of a tall
koa/*ohi'a/soapberry (Acacia koal Metrosideros polymorphal Sapindus saponaria) forest.
Ground cover is dominated by native ferns and herbs where the forest canopy is dense, but
blackberry (Rubus argutus) and alien grasses, such as meadow ricegrass (Ehrharta stipoides) and
Paspalum spp., are common in some areas. Kipuka Ki also contains some Jerusalem cherry
(Solanum pseudocapsicum). Large patches of open grassland with scattered trees also occur in
the kipukas (Mueller-Dombois and Lamoureux 1967). Kipuka Ki was fenced against cattle in
the late 1940s, and has been free of feral pigs since the mid-1980s. Kipuka Puaulu was fenced
against cattle in the 1930s and has been free of feral pigs since the mid-1960s. The treatment
plot (in Kipuka Ki) was 1.5 km from the non-treatment plot (in Kipuka Puaulu).

III. MATERIALS AND METHODS

A. BAITS

The test bait was a fish-flavored, green-colored, pellet formulation of Ramik® Green (HACCO
Inc., Madison, WI), nominally weighing 6 g and containing 0.005% (50 ppm) diphacinone
(Appendices 12 and 13). Two lots of baits were received; Lot No. 125218 on 8 July 1999 (used
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in trials from October 1999 to August 2000) and Lot No. 144548 on 8 and 13 November 2000
(used in trials from November 2000 to December 2001) (Appendix 14). Lot No. 125218 was
manufactured on 4 May 1999, and so was 2 months old when received. Lot No. 144548 was
manufactured on 16 September 2000, and so was also 2 months old when received. Both lots
were stored before use, at ambient temperature in a dehumidified, locked room in Building 216
at HAVO.

The weight, length, and width of 205 baits from the first lot were measured on 29 September
1999 and another 205 baits from the first lot on 20 October 1999, and the weight, length, and
width of 24 baits from both lots were measured on 23 May 2001 (Appendix 2, amendment 8).

The diphacinone content of both lots of bait was measured at the time of manufacture, using
high-performance liquid chromatography (HPLC) (Appendix 15, Mary Ann Douglas, HACCO
Inc., pers. comm.). The diphacinone content of the first lot of bait was measured again in April
2000 (12 months after manufacture), and the second lot of bait in January 2002 (16 months after
manufacture) and April 2002 (19 months after manufacture) by Genesis Laboratories Inc.
(Wellington, CO), also using HPLC (see Appendix 2, amendment 13, and Appendix 16). The
diphacinone content of the second lot of bait was also measured again in May 2002 (when the
bait was 20 months old) by HACCO (Appendix 15, Mary Ann Douglas, HACCO Inc., pers.
comm.).

B. BAIT APPLICATION

The rate of bait application was 20 lbs/acre (22.4 kg/ha) in each treatment plot. One-half of the
bait (10 Ibs/acre or 11.2 kg/ha) was hand-broadcast on day 1, and the other half 4-6 days later.
This ensured that baits were available to rats over the recommended time period of 10-15 days
(Dunlevy et al. 2000).

The baits were hand-broadcast according to the Standard Operating Procedures (SOPs) BRD-15
and BRD-17 (Appendix 17). All personnel involved wore long-sleeved shirts, long pants, boots,
latex gloves, and cotton gloves over the latex gloves. Personnel walked along each transect, and
every 2.5 m threw single baits about 1, 3, and 5 m to each side. Prior to the initial bait
application, all personnel practiced hand-broadcasting placebo (untreated) baits of similar size, at
the same application rate, along transects in an open field.

Toxic bait was first hand-broadcast in the wet forest treatment plot (HAVO Transect 16 in "Ola‘a
Forest) on 7 and 12 October 1999, and in the mesic forest treatment plot (Kipuka Ki) on
27 January and 1 February 2000. Eleven further hand-broadcast “series” (comprising two
applications of bait, 4-6 days apart) were made at 2—4-month intervals between then and
December 2001 in the wet forest treatment plot, and two further hand-broadcast “‘series” were
made at 3—5-month intervals in the mesic forest treatment plot (see Appendix 2, amendment 8,
and Appendix 18). The baits were applied only when the ground was reasonably dry and
predictions were for favorable weather conditions over the next 5 days.
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C. BAIT DISAPPEARANCE RATE

The disappearance or degradation of baits was monitored after each series of bait applications,
according to SOP BRD-12 (Appendix 17). Twenty locations (at least 25 m apart) were randomly
selected within the first quarter of each treatment area, and marked with a wire flag (see
Appendix 2, amendment 9). One bait was then placed beside each marker. The presence or
absence of each bait was recorded at 1-3 day intervals for up to 14 days or until it disappeared or
disintegrated (see Appendix 3, deviation 7).

D. RAT ACTIVITY INDICES

Rat activity was monitored before and after bait application using three techniques: radio-.
telemetry (first hand-broadcast series only), live-trapping, and non-toxic census bait blocks.

Radio-telemetry. Radio-telemetry was carried out according to SOP BRD-10 (Appendix 17).
Radio transmitters (Holohil PD-2C, weighing 4.2 g) were fitted to 6 Black Rats (all that could be
caught) in the treatment plot and 13 Black Rats in the non-treatment plot in the wet forest,
1 week before the first bait application in October 1999. One rat in the treatment plot and
two rats in the non-treatment plot slipped their radio-transmitter collars before bait application,
reducing the sample size to 5 rats in the treatment plot and 11 rats in the non-treatment plot in the
wet forest. Radio-transmitters were also fitted to 17 Black Rats in the treatment plot and 15
Black Rats in the non-treatment plot in the mesic forest, 1 week before the first bait application
in January 2000. The transmitter on one rat in the non-treatment plot stopped functioning and
the transmitter on a second rat in the non-treatment plot was recovered before bait application, so
the final sample size was 17 rats in the treatment plot and 13 rats in the non-treatment plot in the
mesic forest (see Appendix 2, amendment 6).

Radio signals from the radio-collared rats were monitored according to SOP BRD-13
(Appendix 17), using portable receivers (Telonics TR-4) and hand-held two-element directional
antennas (Telonics RA-14). Each rat was monitored nightly for 3 consecutive nights
immediately before bait application, and nightly for up to 2 weeks after bait application, to
determine whether it was alive. A fluctuating, variable-strength radio-signal indicated that the
rat was active and alive, whereas a constant, steady radio-signal indicated that the rat was not
moving. Each rat not moving during a nightly monitoring session was tracked to its location the
next day to determine its fate. The locations of rat nests discovered during the study were
recorded, nest material identified, and nest width, depth, and inside diameter measured where
possible (see Appendix 3, deviation 3). Nests that could be collected were placed in a plastic
ZipLok bag. Woody trees and tree ferns containing rat nests were identified, measured (trunk
diameter at 4.5 feet), and the height of the nest in the tree determined where possible.

- Dead radio-collared rats recovered during the study were necropsied and examined for green bait
in the stomach and intestines, and for hemorrhaging characteristic of anticoagulant poisoning.
The carcasses were placed in marked containers, frozen, and sent to Landcare Research (Lincoln,
New Zealand) for HPLC analysis of diphacinone residues in their livers (see Appendix 2,
amendment 13, and Appendix 19).
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For each forest type (mesic and wet), the percentage reduction in the proportion of radio-collared
rats surviving in the treatment plot, relative to the non-treatment plot, was calculated from the
formula:

% kill = 100 x ((expected number — observed number) / (expected number))

where expected number = number in treatment plot pre-treatment X (number in non-treatment
plot post-treatment / number in non-treatment plot pre-treatment), and observed number =
number in treatment plot post-treatment.

The effect of bait application on the survival of radio-collared rats in the mesic forest was
assessed by a 2 x 2 chi-square analysis of the number of radio-collared rats alive vs. dead, pre-
and post-treatment, in the treatment and non-treatment plots. It was not possible to analyze the
effect of bait application on the survival of radio-collared rats in the wet forest because too few
rats were radio-collared in the treatment plot (see Appendix 3, deviation 4).

Live-trapping. Live-trapping was carried out according to SOP BRD-04 (Appendix 17). A total
of 81 Haguruma® traps were placed at 25-m intervals on transect lines spaced 25 m apart within
each study plot 2 weeks before the first trapping, and left closed, to allow the rats time to become
accustomed to the traps. The traps then remained at the trap locations throughout the study
period, with worn out traps replaced when necessary. Two weeks before toxic baits were hand-
broadcast within the treatment plots, trap locations within each study plot were pre-baited with
shredded coconut 3 days before the traps were opened. Traps were then opened, baited with
chunks of coconut, and operated for 4 consecutive nights (maximum 324 trap-nights). The traps
were checked daily, and all rats that did not escape (see Appendix 3, deviation 1) were identified
to species, sex, and age class (juvenile or adult), and weighed, ear-tagged, and released,
according to SOP BRD-09 (Appendix 17). The rats were not anaesthetized while being handled.
Traps were opened again in each study plot 2-4 weeks after bait application to determine the
efficacy of the baiting (see Appendix 2, amendment 3, and Appendix 18). As before, the traps
were pre-baited with shredded coconut 3 days before they were opened. For each forest type
(mesic and wet), rat capture rates per 100 corrected trap-nights, pre- and post-treatment in the
treatment and non-treatment plots, were calculated following the method of Nelson and Clark
(1973).

The percentage reduction in rat capture rates in the treatment plot, relative to the non-treatment
plot, in each forest type was calculated from the formula:

% kill = 100 x ((expected capture rate — observed capture rate) / (expected capture rate))

where expected capture rate = capture rate in treatment plot pre-treatment x (capture rate in non-
treatment plot post-treatment / capture rate in non-treatment plot pre-treatment), and observed
capture rate = capture rate in treatment plot post-treatment.

Rat capture rates pre- and post-treatment in the control (non-treatment) and treatment plots were
compared using a generalized linear model (S-Plus for Windows, 2001, Insightful Corporation,
Seattle, Washington, USA), adjusting for trap-nights by using log (trap-nights) as an offset term
in the model. The ratio of the variance to the mean (a measure of dispersion) was estimated
separately for the wet forest and mesic forest, from the “plot by time” interaction in a model of
the pre-treatment capture rates in the treatment and non-treatment plots (for the 12 bait
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application series in the wet forest and three bait application series in the mesic forest), and these
values were used to scale the residual deviances of the generalized linear model before assessing
their significance against a chi-square distribution (McCullagh and Nelder 1989) (see
Appendix 2, amendment 4).

Non-toxic census bait blocks. Non-toxic census bait blocks were monitored for signs of rat
gnawing according to SOP BRD-11 (Appendix 17). Seventy-two non-toxic Census™ bait
blocks (gnaw blocks or chew blocks) (Zeneca Inc., DE) were placed at 25-m intervals on the
same transect lines as live traps within each study plot, but half-way between the live trap
locations (i.e., at 12.5m, 37.5 m, 62.5 m, etc.). The census blocks were placed on the transect
lines 1-3 weeks before and after each series of hand-broadcast application of baits (see
Appendix 2, amendment 5, and Appendix 18). They were attached to the ground using a 1-m
wire flag inserted through the center of each bait block and into the ground. Bait blocks were
examined daily for 2 consecutive days for signs of feeding by rats or other animals (viz., mice,
mongooses, birds, and invertebrates). Unfortunately, up to 100% of the bait blocks disappeared
in the wet forest non-treatment plot, and up to 69% disappeared in the mesic forest non-treatment
plot. It was not possible to determine which animal species was removing the bait blocks, but
since rats were the most common species gnawing the remaining blocks, it was assumed that rats
were responsible for removing the missing blocks. The only other possibilities were Kalij
Pheasants (Lophura leucomelana) and Indian Mongooses, but both were relatively rare in the
wet forest, and although Kalij Pheasants were more common in the mesic forest, they were not as
common as rats. If we had not assumed that rats had removed the bait blocks, we would have
had no data when all the blocks disappeared.

The percentage reduction in the number of census blocks gnawed or supposedly removed by rats
in the treatment plot, relative to the non-treatment plot, was calculated in the same way as for
live-trapping, separately for each forest type (mesic and wet).

The effectiveness of each hand-broadcast bait application series was determined by comparing
the proportion of baits gnawed or supposedly removed by rats before and after treatment in the
treatment and non-treatment plots using a logistic generalized linear model (in S-Plus for
Windows, 2001, Insightful Corporation, Seattle, Washington, USA), with the deviance scaled
using the pre-treatment “plot by time” interaction in the same way as for the live-trapping data
(but see Appendix 3, deviation 2).

E. MOUSE ACTIVITY INDICES

House Mouse activity was monitored using three techniques: kill-trapping, live-trapping, and
non-toxic census bait blocks.

Kill-trapping. In each 4-ha study plot, 42 snap traps (Victor mouse traps) were located at 10-m
intervals (two traps per location) along one transect line to estimate mouse densities pre- and
post-treatment (see Appendix 2, amendment 7). Trapping was carried out 2-3 weeks before and
again 2-3 weeks after the first five bait applications in the wet forest, and the first two bait
applications in the mesic forest (Appendix 18). Trapping was also carried out three times at
approximately 2-monthly intervals after the first bait application in the mesic forest. Within each
trapping session, the traps were baited with coconut chunks, set, and examined daily for 2 days
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(but see Appendix 3, deviation 5). The traps were removed after each trapping session, and
relocated to a new transect for the next trapping session. Snap trapping was stopped after July
2000 because too few mice and too many non-target species (non-native birds) were being
caught (the latter a likely consequence of not placing the traps in protective tunnels).

For each forest type (mesic and wet), mouse capture rates per 100 corrected trap-nights, pre- and
post-treatment in the treatment and non-treatment plots, were calculated following the method of
Nelson and Clark (1973). The percentage reduction in mouse capture rates, and statistical
comparison of mouse capture rates before and after bait application, could not be done because
too few mice were caught (see Appendix 3, deviation 6).

Live-trapping. Mouse activity was monitored pre- and post-treatment as a consequence of
monitoring rat activity, because mice were also caught in the live traps used for monitoring rats
(see above).

Non-toxic census bait blocks. Mouse activity was monitored pre- and post-treatment as a
consequence of monitoring rat activity, because mice also left distinctive gnaw-marks on the
non-toxic census bait blocks used for monitoring rats (see above).

F. NON-TARGET SPECIES MONITORING

The presence of avian predators (such as hawks and owls) in the study areas was recorded
whenever they were observed. Unfortunately, a separate study of radio-marked Hawaiian Hawks
was completed before our study began, and there were no radio-marked birds left in our study
areas to monitor (see Appendix 1, VII, A, a, 9).

The locations of radio-collared rats dying during the study were recorded to determine if the
carcasses were accessible to avian predators.

Four transects (400 m long x 5 m wide) spaced at least 25 m apart in each treatment and non-
treatment plot (representing 10% of the area of each plot), were walked to search for non-target
species mortality up to 2 weeks before and 2-4 weeks after each series of bait applications (see
Appendix 2, amendment 10, Appendix 3, deviation 9, and Appendix 18). Each transect extended
100 m beyond each end of the study plots. The searching took about 4 person hours. In
addition, at least 60 person hours were spent in each plot carrying out other activities (such as
live-trapping, radio-telemetry, and census bait block monitoring) before and after each bait
application. All carcasses found were recorded as to species, weighed, sexed, placed in
individually marked containers, frozen, and sent to Genesis Laboratories Inc. (Wellington, CO)
or Landcare Research (Lincoln, New Zealand) for HPLC determination of diphacinone residues
in their livers (see Appendix 2, amendment 12, and Appendices 16 and 19).

Birds of four introduced species, viz., Kalij Pheasant (Lophura leucomelana), Red-billed
Leothrix (Leothrix lutea), Northern Cardinal (Cardinalis cardinalis), and Japanese White-eye
(Zosterops japonicus), were collected by shooting or mist-netting in the treatment plot 3—6 weeks
after the first bait application series in each forest type (see Appendix 2, amendment 11,
Appendix 18, and Appendix 20). Birds (viz., Red-billed Leothrix and a Northern Cardinal)
caught in kill-traps set for mice were also collected to increase sample sizes. The carcasses were
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frozen and sent to Genesis Laboratories Inc. (Wellington, CO) or Landcare Research (Lincoln,
New Zealand) for HPLC determination of diphacinone residues in their livers (as above).

Kalij Pheasant activity was monitored pre- and post-treatment as a consequence of monitoring
rat activity, because Kalij Pheasants pecked at the non-toxic census bait blocks used for
monitoring rats (see Appendix 2, amendment 5).

G. ENVIRONMENTAL CONDITIONS

Rain gauges and minimum/maximum thermometers were placed in the treatment plot in each
study area to monitor daily weather conditions. Rainfall and temperature were recorded
whenever the study plots were visited, for up to 2 weeks after each bait application series (see
Appendix 3, deviation 8).

IV. RESULTS

A. BAITS

The mean weight (and standard error) of two large samples of baits (each n = 205) from Lot No.
125218 was 5.8 g (= 0.05 g) (Table 1). The mean weight (and standard error) of a smaller
sample (r = 24) of baits from both Lot No. 125218 and Lot No. 144548 was 6.2 g (+ 0.1 g) and
6.5 g (0.1 g), respectively. The mean length and diameter of both lots of baits were also
similar.

The diphacinone content of bait from both Lot No. 125218 (used in the first six applications in
the wet forest, and in the first two applications in the mesic forest) and Lot No. 144548 (used in
the second six applications in the wet forest, and in the third application in the mesic forest) was
51 ppm at manufacture (Table 2, Appendix 16). This is within the Code of Federal Regulations
(Title 40, Part 158.175) certified limits of 45-55 ppm. Lot No. 125218 was still within the
certified limits 12 months after manufacture. However, Lot No. 144548 was below the certified
limits 16 months after manufacture.

B. BAIT APPLICATION

All the allocated bait (200 Ib, or 90 kg) was applied (at 20 lbs/acre, or 22.4 kg/ha) to the
treatment plots, half on day 1 and half 4-6 days later, in each bait application series (see also
Appendix 4). The rate of application of the active ingredient (diphacinone) was 0.008 oz per
acre on day 1 and 0.008 oz per acre 46 days later, or 0.016 oz per acre in each bait application
series.
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C. BAIT DISAPPEARANCE AND DEGRADATION

The disappearance rate of baits varied after each application (Fig 1, Fig. 2). For example, in the
wet forest, all the monitored baits disappeared from the treatment plot within 7 days in January
2001 (despite little rain), but 15% of the baits remained for at least 24 days in April 2000 (also
little rain) (Fig. 1). In the mesic forest, all monitored baits disappeared from the treatment plot
within 7 days in October 2000 (after heavy rain), but 50% of the baits remained for at least 14
days in January 2000 (during which time rainfall was less than 2 mm) (Fig. 2).

D. RAT ACTIVITY INDICES
WET FOREST

Radio-telemetry. All five radio-collared rats in the treatment plot were found dead 5-7 days after
the initial bait application in October 1999 (Table 3). None of the 11 radio-collared rats in the
non-treatment plot were found dead, but two radio-transmitters were found on the ground
surface. One was from a rat that had apparently been eaten by a mammalian predator because
bits of rat fur and bones were located with the transmitter. It was not possible to determine
whether the rat had been eaten before or after it died. The second transmitter was recovered
without a rat, and thus the fate of the rat could not be determined. Post-treatment survival of the
radio-collared rats in the treatment plot (0 of 5 rats) and non-treatment plot (9 of 11 rats) could
not be compared statistically because the sample size was too low (see Appendix 3, deviation 4).

Four radio-collared rats in the treatment plot were found dead 5 days after the initial bait
application and one 7 days after (average 5.4 days after). Necropsies of the five rats revealed
hemorrhaging typical of diphacinone poisoning (Appendix 21). All had internal hemorrhaging
(under skin, around heart, and/or in lungs, liver, bladder, genitals, thoracic cavity, and abdominal
cavity) and four also had external hemorrhaging (from mouth, ear, and/or genital region). Four
of the rats also had green bait in their stomachs and/or green fecal pellets in their intestines. An
average of 3.8 ppm diphacinine was detected in the livers.

Of four nests that were inspected in the treatment plot, all were in Hapuu tree ferns (Cibotium
glaucum) (Appendix 22). One nest contained three baits, one had one bait, and two had no baits.

Live-trapping. One week before the initial bait application in October 1999, 14 Black Rats were
captured in the treatment plot (4.48 rats per 100 trap-nights) and 17 Black Rats in the non-
treatment plot (5.58 rats per 100 trap-nights) (Table 4). Two weeks after bait application, O rats
were caught in the treatment plot and 25 rats (22 Black Rats and 3 Norway Rats) in the non-
treatment plot (8.47 rats per 100 trap-nights). The capture rate of rats in the treatment plot 2
weeks after bait application was significantly lower than expected (y* = 6.64, df = 1, P = 0.01).
Eight weeks after bait application, however, rat numbers caught in the treatment plot exceeded
pre-treatment levels (Table 4, Fig. 3).

Repeat bait applications at 2- to 5-monthly intervals over 2 years resulted in rat capture rates in
the treatment plot being reduced to zero or near zero 2—4 weeks after each bait application,
except in June and August 2000 (Table 4, Fig. 3). Reductions less than 100% relative to the non-
treatment plot were not statistically significant at the 95% level of probability (Table 4). In all
cases, rat capture rates in the treatment plot increased to near or above pre-treatment levels in 8-
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12 weeks after each bait application (Table 4, Fig. 3). Capture rates in the non-treatment plot
also fluctuated over time, but not in response to bait application (Fig. 3).

The species composition of the rats caught in the treatment plot 2—4 weeks after bait application
was significantly different from that of rats caught before bait application (*=6.698,df=1, P =
0.010; Table 5). The main difference was a lower proportion of Black Rats and a higher
proportion of Norway Rats after bait application. There was no significant difference in the
species composition of the rats caught in the non-treatment plot before and 2—4 weeks after bait
application (y* = 1.845, df =1, P=0.174).

The age and sex ratios of rats caught was similar before and 2—4 weeks after bait application, in
both the treatment and non-treatment plots (Table 6). Most rats caught were adult males. The
apparent increase from 10.3% juvenile males (25 out of 243 rats) caught before bait application
to 19.2% juvenile males (5 out of 26 rats) caught 2—4 weeks after bait application in the
treatment plot was not statistically significant (* =1.896, df = 1, P = 0.169).

None of the rats captured in the treatment plot 2—4 weeks after bait application had been ear-
tagged in the treatment plot before bait application (i.e., they were not recaptures), whereas, on
average, 22% of the rats captured in the non-treatment plot were recaptures (xz =13.406, df =1,
P <0.001) (Table 7). However, one rat (an adult female Black Rat) captured in the treatment plot
9 weeks after the August 2000 bait application had been ear-tagged in the treatment plot 7 weeks
before bait application, and so had either survived the bait application or been away from the
treatment plot while bait was present (Appendix 23). It was not captured in the treatment plot 3
weeks after bait application, and so is not included in Table 7. Four rats captured in the
treatment plot 3, 7, 8, and 10 weeks, respectively, after bait application, had been ear-tagged
previously in the non-treatment plot, at least 500 m away (Appendix 23). These rats also are not
included as recaptures in Table 7 because they were not originally ear-tagged in the treatment
plot, but had moved to the treatment plot from the non-treatment plot. Thus, they may not have
been present in the treatment plot at the time of bait application.

Non-toxic census bait blocks. Before the initial bait application in October 1999, rats interfered
with 29.6% census bait blocks in the treatment plot (26.8% of blocks gnawed by rats plus 2.8%
of blocks missing, presumably taken by rats) and 36.1% in the non-treatment plot (31.9%
gnawed by rats plus 4.2% missing) (Table 8, Fig.4). Three weeks after the initial bait
application, rat interference had declined to 1.4% in the treatment plot (no blocks missing), but
had increased to 87.5% in the non-treatment plot (62.5% gnawed by rats, 25.0% missing). The
reduction in rat interference to census blocks in the treatment plot relative to the non-treatment
plot was, therefore, 98.0% (* =378.45, df = 1, P <0.001). Twelve weeks after the initial bait
application, however, rat interference to census blocks had increased to 12.5% in the treatment
plot (no blocks missing) and 95.8% in the non-treatment plot (35.2% gnawed by rats, 60.6%
missing) (Table 8, Fig. 4).

Repeated bait applications at 2- to 5-monthly intervals over 2 years reduced rat interference to
census blocks in the treatment plot to zero or near zero each time, except in May 2001 when it
was reduced only to 12.5% (Table 8, Fig. 4). At the same time, rat interference (and missing
census blocks) in the non-treatment plot fluctuated from about 93 to 100%. Most bait
applications caused a statistically significant reduction in rat interference to census blocks in the
treatment plot (Table 8).
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MESIC FOREST

Radio-telemetry. All 17 radio-collared rats in the treatment plot were found dead 4—6 days after
the initial bait application in January 2000 (Table 9). Of the 13 radio-collared rats in the non-
treatment plot, one stopped moving during nightly monitoring and was presumed dead 4 days
after bait application in the treatment plot. This rat was not recovered, and was recorded as a
natural mortality. Post-treatment survival of the radio-collared rats (0 of 17 rats) in the treatment
plot was significantly lower than in the non-treatment plot (12 of 13 rats) (x2 =26.154, df =1,
P <0.001).

Of the 17 radio-collared rats in the treatment plot, seven stopped moving during nightly
monitoring 4 days after bait application, four after 5 days, and six after 6 days (average 4.9
days). Six of these rats were recovered dead or dying. One had been partially eaten by a
mammalian predator, and so could not be analyzed. Necropsies of the other five radio-collared
rats plus one unmarked rat recovered from the treatment plot revealed hemorrhaging typical of
diphacinone poisoning (Appendix 21). All had internal hemorrhaging (under skin, around heart,
and in lungs, liver, kidneys, genitals, thoracic cavity, and abdominal cavity) and three of the six
rats also had external hemorrhaging (from nose and/or genital region). Three also had green bait
in their stomachs and/or green fecal pellets in their intestines. An average of 3.4 ppm
diphacinine was detected in the livers.

The locations of 14 rat nests in the treatment plot and 13 in the non-treatment plot were
identified but none could be inspected because they were high up in Soapberry, Koa, or Ohia
trees (Appendix 22).

Live-trapping. One week before the initial series of bait applications in January 2000, 29 rats (28
Black Rats and 1 Polynesian Rat) were captured in the treatment plot (10.86 rats per 100
corrected trap-nights), and 32 rats (all Black Rats) in the non-treatment plot (12.48 rats per 100
corrected trap-nights). Two weeks after bait application, 0 rats were captured in the treatment
plot and 47 rats (46 Black Rats and 1 Polynesian Rat) in the non-treatment plot (17.87 rats per
100 trap-nights) (Table 10). The post-treatment rat capture rate in the treatment plot was
significantly lower than expected (x> = 24.02, df=1, P <0.001). Seven weeks after bait
application, however, 1 rat (a Polynesian Rat) was caught in the treatment plot (0.32 rats per 100
trap-nights), and 27 rats (all Black Rats) were caught in the non-treatment plot (9.75 rats per 100
trap-nights) (Fig. 5). It was not until 21 weeks after the initial bait application (i.e., in June
2000) that the rat capture rate in the treatment plot increased to more than 50% of the pre-
treatment capture rate (Fig. 5).

Three weeks after the second series of bait applications in July 2000, rat captures in the treatment
plot declined from 17 Black Rats (6.34 rats per 100 trap-nights) to 1 Black Rat (0.34 rats per 100
trap-nights). However, rat captures also declined in the non-treatment plot, from 29 Black Rats
(9.62 rats per 100 trap-nights) to 9 Black Rats (2.98 rats per 100 trap-nights) (Table 10, Fig. 5).
The decline in the treatment plot relative to the non-treatment plot was 83% (Table 10). This
was not statistically significant (x> = 2.05, df = 1, P =0.152).
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Three weeks after the third series of bait applications in October 2000, rat captures declined from
19 rats (all Black Rats) to 1 rat (a Black Rat) in the treatment plot and from 25 rats (23 Black
Rats, 1 Polynesian Rat, and 1 Norway Rat) to 21 rats (19 Black Rats and 2 Polynesian Rats) in
the non-treatment plot (Table 10, Fig. 5). The decline in the treatment plot relative to the non-
treatment plot was 95% (Table 10). This is statistically significant (¢ =17.38,df =1, P=0.007).

The species, sex, and age composition of the rats caught in the treatment plot 2-3 weeks after
bait application could not be compared to that caught before bait application because only two
rats were caught, both male adult Black Rats, one after the July bait application and one after the
October bait application (Table 11 and 12). The species, sex, and age composition of the rats
caught in the non-treatment plot was similar before and 2-3 weeks after bait application in the
treatment plot. Most rats caught were male adult Black Rats (Table 11 and 12).

Neither of the two rats captured in the treatment plot 2—-3 weeks after bait application was a
recapture (i.e., they had not been ear-tagged before treatment), whereas, on average, 22% of the
rats captured in the non-treatment plot were recaptures (Table 13).

After the third series of bait applications, the rat capture rate in the treatment plot did not
increase above 4 rats per 100 corrected trap-nights (less than half the initial capture rate), and
further bait applications were not made. Live-trapping was not carried out in the non-treatment
plot after November 2000, except once in April 2001, when the capture rate was 15.9 rats per
100 corrected trap-nights (Fig. 5).

Non-toxic census bait blocks. Before the initial bait application in January 2000, rats interfered
with 5.6% of the census bait blocks in the treatment plot (no blocks missing) and 56.9% in the
non-treatment plot (41.7% gnawed by rats plus 15.3% of blocks missing, presumably taken by
rats) (Table 14, Fig. 6). Three weeks after the initial bait application, rat interference had
declined to 0% in the treatment plot (100% reduction), but increased to 62.5% in the non-
treatment plot (37.5% gnawed by rats, 25.0% missing). The reduction in rat interference to
census blocks in the treatment plot relative to the non-treatment plot was statistically significant
(> =36.56, df = 1, P <0.001).

Repeat bait applications in July 2000 reduced the percentage of census blocks in the treatment
plot interfered with by rats from 2.8% to 1.4% (no blocks missing before or after treatment), and
in October 2000 from 34.7% (20.8% gnawed by rats, 13.9% missing) to 12.5% (4.2% gnawed by
rats, 8.3% missing) (Table 14, Fig. 6). At the same time, the percentage of census blocks in the
non-treatment plot interfered with by rats decreased from 73.6% (27.8% gnawed by rats, 45.8%
missing) to 66.7% (23.6% gnawed by rats, 43.1% missing) in July 2000, and increased from
77.8% (11.1% gnawed by rats, 66.7% missing) to 88.9% (22.2% gnawed by rats, 66.7% missing)
in October 2000. The reduction in rat interference to census blocks in the treatment plot relative
to the non-treatment plot was, therefore, 44.8% in July and 68.5% in October 2000 (Table 14).
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E. MOUSE ACTIVITY INDICES
WET FOREST

Live-trapping. Too few mice were caught to warrant rigorous examination of the data
(Table 15). However, the average reduction in capture rates in the treatment plot, relative to the
non-treatment plot, was 75.7%.

Non-toxic census bait blocks. There was insufficient interference by mice to census bait blocks
to warrant rigorous examination of the data (Table 16). However, the average reduction in
mouse interference in the treatment plot, relative to the non-treatment plot, was 69.2%.

Kill-trapping. No mice were caught in either the treatment or non-treatment plots before or after
the first five bait application series. As a consequence, no further kill-trapping was carried out
(see Methods).

MESIC FOREST

Live-trapping. The reduction in mouse capture rates in the treatment plot, relative to the non-
treatment plot, was 100% after the first bait application series in January 2000, 95.5% after the
second bait application series in July 2000, and 94.6% after the third bait application series in
October 2000 (Table 17).

Non-toxic census bait blocks. There were not enough census bait blocks gnawed by mice in the
treatment plot to warrant rigorous examination of the data (Table 18). However, there was no
mouse gnawing on census bait blocks in the treatment plot after any of the bait application series.

Kill-trapping. No mice were caught in the treatment plot before or after the first bait application
series in January 2000, and only one was caught in 83.5 trap-nights in the treatment plot before
the second bait application series in July 2000. As a consequence of this, and the capture of
several Red-billed Leiothrix and Northern Cardinals, no further kill-trapping was carried out (see
Methods).

F. NON-TARGET SPECIES ASSESSMENT

No dead non-target species were found during any of the ground searches (about 4 person-hours,
covering 10% of each plot) made after each bait application series in the wet forest and mesic
forest (Appendix 20). However, some dead rats and dead non-target species were found during
extensive visits to the plots for live-trapping, radio-telemetry, and census bait block surveys (at
least 60 person-hours after each bait application) (see below).

Rats. In total, after all bait applications, 11 rats without radio transmitters were found dead in the
wet forest treatment plot, and 4 rats without radio transmitters were found dead in the mesic
forest treatment plot. Twelve of the 15 dead rats were Black Rats, but three could not be
identified because they were too decomposed. The average diphacinone concentration in the
livers of those found less than 2 weeks after bait application was 4.3 ppm (rn =5; rat # 4007,
4041, 4042, 4046, and 4143 in Appendix 19), those found 2-3 weeks after bait application was
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3.4ppm (n= 1; rat # 4047 in Appendix 19), and those found 67 weeks after bait application
was 1.7 ppm (r = 2; rat # 4000 and 4040 in Appendix 19). Seven others were found more than
8 weeks after bait application and/or were too decomposed to analyze. Most of the rats that were
found dead were found in the open, exposed to avian predators. However, based on the evidence
from radio-collared rats (below), most of the rats that died would not have been found, because
they died under cover, not in exposed places.

Of the five radio-collared rats recovered dead in the wet forest treatment plot, two were found in
the center of hollow tree fern trunks and gne in a fallen ohia tree trunk) inaccessible to potential
avian predators, and three were found on the ground (two either pamally or completed covered
with fern fronds, and onig on open ground exposed to potential avian predators) (Appendix 24).

Of the six dead or dying radio-collared rats recovered in the mesic forest treatment plot, one was
partially eaten by a mammalian predator within the center of a hollow trunk of a fallen koa, two
were in underground burrows, two were lying on the surface of the forest floor exposed to view
from above, not covered in vegetation, and one was barely alive within vegetation on the surface
of the forest floor (this rat was euthanased with carbon dioxide). Of the remaining 11 dead
radio-collared rats in the treatment plot that were unable to be recovered, six were located within
the canopy of soapberry and koa trees and five were located underground in spaces between lava
rocks. Thus, of the 22 radio-collared rats that died (five in the wet forest and 17 in the mesic
forest treatment plots), three (13.6%) were in places exposed to avian predators.

House Mice. Two House Mice were found dead on the forest floor, exposed to avian predators,
in the wet forest treatment plot on 13 September 2001, 3 weeks after bait application. Their
livers contained 2.39 and 1.75 ppm diphacinone, respectively (mouse # 36 and 37 in
Appendix 16).

Indian Mongooses. A male juvenile Indian Mongoose was found dead in the mesic forest
treatment plot on 19 July 2000 (2 weeks after bait application). A necropsy revealed
hemorrhaging typical of diphacinone poisoning. The liver contained 1.35 ppm diphacinone
(sample # 4044 in Appendix 19). Green-dyed Indian Mongoose feces were found in the mesic
forest treatment plot on 11 February 2000 (2 weeks after bait application).

Feral Cats. No Feral Cats were found dead. However, green-dyed Feral Cat feces were found in
the wet forest treatment plot on 29 December 1999 (21 days after bait application) and 11 and 22
February 2000 (3 and 14 days after bait application).

Birds. No birds were found dead. However, an adult female Kalij Pheasant in a family group
with two juveniles was observed pecking Ramik® Green bait in the mesic forest treatment plot
on 6 July 2000 (1 day after bait application). Green-colored Kalij Pheasant feces were found in
the wet forest treatment plot on 2 May 2000 (3 weeks after bait application) and 6 September
- 2001 (1 week after bait application).

Residues of diphacinone were detected in the livers of one of five Kalij Pheasants (range 0—0.09
ppm), three of six Red-billed Leothrix (0-0.70 ppm), and one of six Northern Cardinals (0-0.39
ppm) captured alive in the treatment plots 3-6 weeks after bait application (Table 19,
Appendix 25). No diphacinone residues were detected in any of the four Japanese White-eyes.
Because sample sizes were so small, results for the wet forest and mesic forest were combined.
Even then, the sample sizes were too small to be certain of the true proportion of the bird
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populations that had ingested diphacinone, and too small to say that no Japanese White-eyes had
ingested diphacinone.

Kalij Pheasants pecked at less than 1% of the non-toxic census bait blocks in the first five
monitoring sessions in the wet forest, and generally less than 20% thereafter, so rigorous
examination of the data was not possible (Table 20). They also pecked at less than 20% of the
census bait blocks in the mesic forest (Table 21). Over all bait application series, Kalij Pheasant
pecking of census bait blocks increased from pre- to post-treatment in both the treatment and
non-treatment plots, in both the wet forest (Table 20) and mesic forest (Table 21).

One or two Hawaiian Hawks were recorded in both the wet and mesic forest treatment plots
throughout the study.

G. ENVIRONMENTAL CONDITIONS
WET FOREST

The mean daily rainfall in the treatment plot was less than 5 mm in the 2 weeks after all bait
applications except in October 1999, December 1999, and November 2000 (Table 22). In
October 1999, 51 mm of rain fell on day 14. In December 1999, 174 mm of rain fell on day 2
and 280 mm on day 3. In November 2000, 49 mm of rain fell on day 2, 17 mm on day 4, and 49
mm on day 5. Maximum temperatures ranged from 17.5 to 22.9°C, and minimum temperatures
from 7.4 to 14.3°C.

MESIC FOREST

Little rain fell in the treatment plot in the first 2 weeks following the first two bait applications,
in January and July 2000 (Table 23). However, 24 mm of rain fell on day 2, and it is estimated
that more than 50 mm fell on day 7 and again on day 8, after the October 2000 bait application.
Maximum temperatures ranged from 23.1 to 26.4°C, and minimum temperatures from 6.3 to
12.7°C.

V. DISCUSSION

The results from this study demonstrate that Ramik® Green bait containing 50 ppm (0.005%)
diphacinone, hand-broadcast at 22.4 kg/ha, in two applications of 11.2 kg/ha, 4—6 days apart, is
effective in reducing populations of rats (predominantly Black Rats) in both wet and mesic forest
habitat in Hawaii. A reduction in rat populations of 100% in both forest types was measured by
radio-telemetry. Live-trapping and non-toxic census bait blocks could not accurately measure
efficacy, because they also measured immigration/reinvasion after bait application, but they
indicated a reduction in rat numbers of 98-100% in the 2-4 weeks after the initial bait
applications. The synchronous death of rats following the application of toxic baits, together
with the presence of bait in their stomachs, signs of anticoagulant poisoning, and diphacinone
residues in rat carcasses, indicate that the rats likely died of diphacinone poisoning. However,
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the rat populations usually recovered within 2—5 months of bait application, presumably by
reinvasion from surrounding areas.

Subsequent, repeat, hand-broadcast applications of bait were also highly successful in reducing
rat populations, generally by 70-100% in the 2—4 weeks after bait application, as measured by
live-trapping and census bait blocks, although there was some discrepancy between the two
methods. For example, in the wet forest in June 2000, the efficacy was 29% as measured by
live-trapping and 76% as measured by census bait blocks, and in August 2000 it was 70% as
measured by live-trapping and 98% as measured by census bait blocks. It is difficult to know
which of the two methods is more accurate, but the estimate of efficacy in June 2000 was low by
both methods.

The different methods of monitoring the efficacy of toxic bait applications have different
strengths and weaknesses. Radio-telemetry was the best method, because it enabled both the
location and fate of known individuals to be determined. Radio-collared rats that lost their radio-
transmitters, died, or moved out of the study plots could be excluded from the data analysis.
However, radio-telemetry is costly and time-consuming, and was used to monitor only the first
bait application in each treatment plot.

Live-trapping, with ear-tagging, was also useful but it was not possible to determine whether rats
captured without ear-tags were present before bait application and survived (by not encountering
baits, encountering baits but not eating them, or eating insufficient bait), or whether they had
only moved into the plots after bait application. The small size of the study plots (200 m x
200 m), the ability of rats to move over distances of several hundred meters, and the length of
time between bait application and live-trapping (up to 4 weeks), means that rats from
surrounding areas could have moved into the plots in the interim, masking the true efficacy of
the treatment. None of the rats ear-tagged in the treatment plots before treatment in either forest
type were recaptured in the first 2—4 weeks after treatment, supporting the interpretation that
those rats that were captured then were immigrants into the treatment plots rather than survivors
of the treatment. One ear-tagged rat was recaptured in the treatment plot in the wet forest
9 weeks after treatment, and this may have been a survivor of the treatment, but equally may
have moved out of the treatment plot before treatment, then moved back in again after treatment.
This latter interpretation is plausible because four other rats moved at least 500 m between the
treatment and non-treatment plots in 3-10 weeks. The use of radio-telemetry could have
resolved this issue.

Gnawing on non-toxic census bait blocks was the most difficult method to interpret. In addition
to the delay between bait application and post-treatment monitoring, allowing immigration/
reinvasion of rats to mask the true efficacy, as in live-trapping, other difficulties included
(a) deciding which species (rats, mice, mongooses, birds, or invertebrates) had gnawed the
census blocks, (b) interpreting the meaning of 100% of the census blocks being gnawed or
removed by rats, and (c) deciding what to do about missing census blocks. For example, it was
not always easy to determine which species had gnawed the census blocks, because gnawing by
one species may have been masked by subsequent gnawing by another species. This may have
resulted in an underestimate of some species. When 100% of the census blocks have been
gnawed or removed by rats, the maximum size of the rat population cannot be estimated. Even
when interference approaches 100%, rat density is likely to be underestimated. Percentage
interference to census blocks should be log-transformed, because there is unlikely to be a linear
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relationship between the level of interference and animal density (Caughley 1977; Spurr 1995).
Limiting the period of monitoring to 1 day might help reduce the level of interference for the
first monitoring session, but it does not help for subsequent monitoring sessions, because rats
learn where the census blocks are and return to them rather than interfere with them at random.
The technique also has limitations when census blocks go missing, because it is not possible to
determine which species is responsible for them going missing. Missing census blocks can be
deleted from the calculations, but this can exaggerate the percentage interference to the
remaining blocks by less common species. For example, if 50% of the blocks are missing, and
rats gnawed 90% and mice 10% of the remaining blocks, and rats were responsible for removing
the missing blocks, then the rat population will have been underestimated and the mouse
population overestimated. Really, in this example, rats interfered with 95% of the blocks and
mice 5%. When 100% of the blocks go missing, the technique simply does not work.
Nevertheless, when census blocks remain in the treatment plot after application of toxic baits,
and no (or little) gnawing is observed, this indicates a successful reduction in rat numbers.

The age of the bait used does not appear to have affected efficacy. The bait used in the wet
forest in June 2000 was 12 months old and in August 2000 it was 15 months old. If this bait had
a low palatability to rats and/or a low concentration of diphacinone (which was not determined),
it could have allowed rats to survive. However, the bait disappeared rapidly from the forest floor
(presumably eaten by rats) in both June and August, indicating that it was still palatable to rats.
Also, bait from the same lot number used in the mesic forest in October 2000 (when 16 months
old) killed 95% of the rats as measured by live-trapping and 68.5% of the rats as measured by
census bait blocks. Bait from a different lot number used in the wet forest in December 2001
when 15 months old, and with a diphacinone concentration of only 40.3 ppm, killed 91% of the
rats.

The higher proportion of Norway Rats captured in the treatment plot in the wet forest 2—4 weeks
after bait application (compared to before) indicates either that Norway Rats survived better or
reinvaded more quickly than Black or Polynesian Rats. Alternatively, the result is a chance
result. This needs further investigation. Whichever explanation is correct, the species
composition 2-3 months after bait application was similar to that before bait application.

House Mouse numbers were also reduced by the broadcast application of 50 ppm diphacinone
bait, but not by as much as rat numbers. The LDs, of diphacinone for mice (50-300 mg/kg) is
higher than for rats (0.3—7 mg/kg), and mice have smaller home ranges than rats. These aspects
need further investigation.

The discovery of a mongoose carcass with typical signs of anticoagulant poisoning and
diphacinone residues in its liver, and the discovery of green-dyed mongoose and cat feces,
indicates that these species also may be affected by the broadcast application of 50 ppm
diphacinone bait for rat control. The affected animals may have eaten Ramik® Green bait
directly or eaten rats that had eaten bait. In a recent field trial, application of 50 ppm
diphacinone bait blocks (J.T. Eaton Corporation) in bait stations was highly effective in reducing
mongoose numbers (Smith et al. 2000). Radio-telemetry and live-trappiné will be needed in
future studies to determine the impacts of broadcast application of Ramik~ Green bait for rat
control on mongoose numbers.
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Bait remained on the forest floor, potentially available to non-target species, for at least 7 and up
to more than 24 days after application. The variable length of time that the bait remained on the
forest floor may have been related to a combination of factors, including rainfall and rat density.
The length of time that bait remained on the forest floor has not appeared to present a hazard to
birds because no bird mortality was observed. A Kalij Pheasant was observed eating Ramik®
Green bait, and green dye from Ramik® Green bait was observed in Kalij Pheasant feces.
Diphacinone residues were found in the livers of Kalij Pheasants and also in Red-billed Leothrix
and Northern Cardinals (all introduced seed-eating and/or omnivorous birds), implying they had
eaten baits. However, the concentration of diphacinone (up to 0.7 ppm) found in these birds is
much less than the LDsq of diphacinone for the Bobwhite Quail (1630 ppm) and Mallard Duck
(3158 ppm). Red-billed Leothrix, Japanese Bush Warbler (Cettia diphone), and Erckel’s
Francolin (Francolinus erckelli) have been reported eating placebo Ramik® Green baits placed
on the forest floor (P. Dunlevy and E. Campbell pers. comm.).

Based on the success of this and previous studies (Lindsey and Mosher 1994; Swift 1998;
Dunlevy et al. 2000) suggesting high efficacy against rats and minimal hazards to non-target
species from 50 ppm diphacinone baits, we recommend that an aerial-broadcast application of
Ramik® Green baits be made in a conservation area in Hawaii to evaluate the effectiveness and
safety of this technique for the control of rat populations.
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VIII. TABLES

Table 1. Physical characteristics of Ramik® Green baits used for the hand-broadcast trials,
Hawaii Volcanoes National Park, measured in September 1999, October 1999, and May 2001
(after being stored at ambient temperature in a dehumidified room).

Mean =+ standard error Lot No. 125218 - Lot No. 144548
(manufactured May 1999) (manufactured September 2000)

September 1999 (n=205)

0000000000000 0000000000000000000000000000000

Weight (g) 5.8+ 0.05

Length (mm) 22.0+0.16

Diameter (mm) 20.2 £ 0.06

October 1999 (n=205)

Weight (g) 5.8+ 0.05

Length (mm) 22.1+0.17

Diameter (mm) 20.3 £ 0.05

May 2001 (n=24)

Weight (g) 6.2+0.10 6.5+0.1

Length (mm) 22.7+0.30 23.5+04

Diameter (mm) 20.9+0.20 20.5+0.4
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Table 2. Diphacinone content (mean + standard error) of Ramik® Green baits used in hand-
broadcast trials, Hawaii Volcanoes National Park, measured at various times after manufacture.
(Lot No. 125218 manufactured May 1999, Lot No. 144548 manufactured September 2000).

Lot No. Date of analysis Age of baits Diphacinone Analytical
(month, year) (months) content (ppm) laboratory
125218 May 1999 0 51 HACCO
April 2000 12 46.4+0.6 Genesis
144548 September 2000 0 51 HACCO
January 2002 16 40.3+0.9 Genesis
April 2002 19 39.4+0.7 Genesis
May 2002 20 44 HACCO

See Appendix 15 and 16 for details.
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Table 3. Number of radio-collared rats alive, and percent change in the number of radio-
collared rats alive in the treatment plot relative to the non-treatment plot, after hand-broadcast
application of Ramik® Green bait in the wet forest, Hawaii Volcanoes National Park, 7 and 12
October 1999.

Date Non-treatment ~ Treatment % change
plot plot after treatment

Before

(29 Sep—1 Oct 99) 11 5

After

(19 Oct—22 Oct 99) 9 0 -100

0000000000000 0000000060000000000000000000000
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Table 4. Rat live captures per 100 corrected trap-nights in treatment and non-treatment plots 1-2 weeks before and 24 weeks after
repeat hand-broadcast applications of Ramik® Green bait in wet forest, Hawaii Volcanoes National Park.
(See Methods for calculation of % kill, Chi-square, and P values).

Date start bait Non-treatment plot Treatment plot YRR .

application Before After % change Before After % change treatm/;ri{tl:)llgz Chi S?,zii: P value
7 Oct 1999 5.58 8.47 +51.8 4.48 0 -100 100 6.64 0.010
8 Dec 1999 4.07 4.29 +5.3 7.10 0 -100 100 6.49 0.011
8 Feb 2000 4.20 6.59 +56.9 5.58 0 -100 100 7.61 0.006
12 Apr 2000 3.69 7.36 +99.3 7.99 0 -100 100 10.86 0.001
14 Jun 2000 9.81 8.06 -17.8 7.83 4.59 -41.4 29 0.14 0.706
31 Aug 2000 5.41 9.93 +83.7 4.62 2.55 -44.9 70 1.65 0.199
9 Nov 2000 12.82 4.20 —67.2 18.61 0 -100 100 6.55 0.010
18 Jan 2001 3.93 2.28 -41.9 10.40 0.32 -97.0 95 3.42 0.064
19 Mar 2001 5.04 3.45 -31.6 3.97 0.63 -84.2 77 1.07 0.301
24 May 2001 6.03 1.90 -68.5 13.41 0.74 —94.5 83 1.37 0.242
23 Aug 2001 4.18 5.01 +19.7 3.40 0 -100 100 . 3.87 0.049
17 Dec 2001 12.50 6.95 ~44.4 7.45 0.64 -91.5 85 2.45 0.117
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Table 5. Species composition of rats (%) caught in the treatment and non-treatment plots
1-2 weeks before and 2—4 weeks after hand-broadcast applications of Ramik® Green bait

in wet forest, Hawaii Volcanoes National Park. -

(All applications combined).

Species Non-treatment plot Treatment plot
Before After Before After
Black Rat 78.3 75.9 72.0 57.1
Polynesian Rat 12.3 16.6 120.8 21.4
Norway Rat 9.4 7.5 72 21.4
Total caught (n) (212) (199) (250) 28)
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Table 6. Sex and age classes of rats (%) caught in the treatment and non-treatment plots
1-2 weeks before and 2—4 weeks after hand-broadcast applications of Ramik® Green bait
in wet forest, Hawaii Volcanoes National Park.

(All applications combined. Sample sizes differ from Table 5 because some rats escaped
before they could be sexed or aged).

Sex and age class Non-treatment plot Treatment plot

' Before After Before After
Adult male 28.8 31.3 44 4 42.3
Adult female 22.0 23.6 22.6 154
Adult sex unknown 7.8 33 2.5 0.0
Juvenile male 259 25.8 10.3 '19.2
Juvenile female 10.2 10.4 14.8 11.5
Juvenile sex unknown 5.5 5.5 5.3 11.5
Total caught (n) (205) (182) (243) (26)
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Table 7. Percentage of ear-tagged rats recaptured in treatment and non-treatment plots
2-4 weeks after repeat hand-broadcast applications of Ramik® Green bait in wet forest,
Hawaii Volcanoes National Park.

(n = number of rats captured).

Date start bait Non-treatment plot Treatment plot
application % n % n
7 Oct 1999 4.0 25 0 0
8 Dec 1999 30.8 13 0 0
8 Feb 2000 40.0 , 20 0 0
12 Apr 2000 27.3 22 0 0
14 Jun 2000 21.7 23 0 13
31 Aug 2000 10.3 29 0 8
9 Nov 2000 23.1 13 0 0
18 Jan 2001 42.9 7 0 1
19 Mar 2001 333 9% 0 2
24 May 2001 40.0 5 0 2
23 Aug 2001 0 13 0 0
17 Dec 2001 31.6 19 0 2
Average (total) 22.2 (198) (0) (28)

0000000000000 00000000600800000000000000000000

* Excludes one rat whose recapture status was not recorded.
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Table 8. Percentage of census bait blocks gnawed or removed by rats in treatment and non-treatment plots 1-2 weeks before and 2-3
weeks after repeat hand-broadcast applications of Ramik® Green bait in wet forest, Hawaii Volcanoes National Park
(See Methods for calculation of % kill, Chi-square, and P values).

Date start bait Non-treatment plot Treatment plot 0/ i1l ; .

application Before After % change Before After % change treatm/grﬁlglg; Chi S?/:ii: P value
7 Oct 1999 36.1 87.5 +142.4 29.6 1.4 -95.3 98 378.45 <0.001
8 Dec 1999 95.8 98.6 +2.9 12.5 5.6 -55.2 57 15.75 <0.001
8 Feb 2000 97.2 100.0 +2.9 2.7 0 -100 100 19.43 <0.001
12 Apr 2000 100.0 97.2 -2.8 15.3 1.4 -90.8 91 4.02 0.045
14 Jun 2000 100.0 98.6 -14 23.6 5.6 -76.3 76 3.36 0.067
31 Aug 2000 93.1 100.0 +7.4 72.2 1.4 -98.1 98 204.67 <0.001
9 Nov 2000 98.6 100.0 +1.4 52.8 4.2 -92.0 92 23.55 <0.001
18 Jan 2001 100.0 100.0 0 — 0 ~100 100 - -
19 Mar 2001 100.0 100.0 0 9.9 0 -100 100 18.07 <0.001
24 May 2001 100.0 100.0 0 22.1 12.5 -43.4 43 0.91 0.340
23 Aug 2001 100.0 100.0 -0 542 5.6 -89.7 90 13.71 <0.001
17 Dec 2001 93.0 100.0 +7.5 75.0 42 -94.4 95 183.24 <0.001

Note: Data from the before 18 J anuary 2001 bait application in the treatment plot were lost (see Appendix 3, deviation 2).
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Table 9. Number of radio-collared rats alive, and percent change in the number of radio-
collared rats alive in the treatment plot relative to the non-treatment plot, after hand-
broadcast application of Ramik® Green bait in the mesic forest, Hawaii Volcanoes
National Park, 27 January and 1 February 2000.

OOOQO‘QQ.‘OOQ.00..0.0..QQQ.Q..O.‘Q.QQ.QQQ.Q.

Date Non-treatment  Treatment % change
plot plot after treatment
Before
(19 Jan—22 Jan 00) 13 17
After
(8 Feb—11 Feb 00) 12 0 -100
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Table 10. Rat live captures per 100 corrected trap-nights in treatment and non-treatment plots 1 week before and 2-3 weeks after
repeat hand-broadcast applications of Ramik® Green bait in mesic forest, Hawaii Volcanoes National Park.
(See Methods for calculation of % kill, Chi-square, and P values).

Date start bait Non-treatment plot ‘ Treatment plot % killin Chi-

application Before After % change Before After % change treatmgntlplgi : S?,Zij: P value
27 Jan 2000 12.48 17.87 +43.2 10.86 0 -100 100 24.02 <0.001
5 Jul 2000 9.62 2.98 —69.9 6.34 0.34 -94.6 82.7 2.05 0.152
25 Oct 2000 8.67 7.39 -14.8 6.83 0.32 -95.3 94.5 7.38 0.007
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Table 11. Species composition of rats (%) caught in treatment and non-treatment plots
1 week before and 2-3 weeks after hand-broadcast applications of Ramik® Green bait
in mesic forest, Hawaii Volcanoes National Park.

(All applications combined).

Species Non-treatment plot Treatment plot
Before After Before After
Black Rat 97.7 96.1 96.9 100
Polynesian Rat 1.1 1.3 31 0
Norway Rat 1.1 2.6 0.0 0
Total caught (n) (86) 77 (65) 2)
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Table 12. Sex and age class of rats (%) caught in treatment and non-treatment plots

1 week before and 2—-3 weeks after hand-broadcast applications of Ramik® Green bait
in mesic forest, Hawaii Volcanoes National Park.

(All applications combined. Sample sizes differ from Table 11 because some rats
escaped before they could be sexed or aged).

0000000000000 009000000000000000000000000000

Sex and age class Non-treatment plot Treatment plot
Before After Before After
Adult male 30.5 30.6 ‘ 51.9 100
Adult female 28.0 34.7 30.8 0
Adult sex unknown 11.0 2.8 0.0 0
Juvenile male 12.2 22.2 5.8 0
Juvenile female 17.1 6.9 11.5 0
Juvenile sex unknown 1.2 2.8 0.0 0
Total caught (n) (82) (72) (52) 2)
Page 47 of 224



Table 13. Percentage of ear-tagged rats recaptured in treatment and non-treatment plots
2-3 weeks after repeat hand-broadcast applications of Ramik® Green bait in mesic
forest, Hawaii Volcanoes National Park.

(n = number of rats captured).

Date start bait Non-treatment plot Treatment plot

application % n % n

27 Jan 2000 19.1 47 0 0

5 Jul 2000 11.1 9 0 1

25 Oct 2000 333 21 0 1

Average (total) 22.1 (77) (0) 2)
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Table 14. Percentage of census bait blocks gnawed or removed by rats in treatment and non-treatment plots, 1-2 weeks before and 2—
3 weeks after repeat hand-broadcast applications of Ramik® Green bait in the mesic forest, Hawaii Volcanoes National Park.
(See Methods for calculation of % kill, Chi-square, and P values).

Date start bait Non-treatment plot Treatment plot %killin Chi- P val

application Before After % change Before After % change treatm;ntlplz)t ! S?,gﬁi: vate
27 Jan 2000 56.9 62.5 +9.8 5.6 0 -100 100 36.56 <0.001
5 Jul 2000 73.6 66.7 -9.4 2.8 1.4 -50.0 44.8 0.52 0.469
25 Oct 2000 77.8 88.9 +14.3 34.7 12.5 -64.0 68.5 71.10 <0.001
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Table 15. House Mouse live-captures per 100 corrected trap-nights 1-2 weeks before and 2—4
weeks after hand-broadcast application of Ramik® Green bait in the treatment plot in wet forest,
Hawaii Volcanoes National Park.

Date start bait Non-treatment plot Treatment plot
application Before After Before After
7 Oct 1999 0 0.34 0 0.31
8 Dec 1999 0 0 4.97 0
8 Feb 2000 0.65 0.33 0.66 0
12 Apr 2000 0 0 0.69 0.32
14 Jun 2000 0 0.35 0.71 0.71 -
31 Aug 2000 0 0 0 0
9 Nov 2000 0 0 3.62 0
18 Jan 2001 0.33 0 0.35 0.63
19 Mar 2001 0 0 0.33 0
24 May 2001 1.13 1.14 0.81 0
23 Aug 2001 7.11 1.93 0 0.97
17 Dec 2001 2.94 6.22 1.77 0
Average 1.01 0.86 1.16 0.24
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Table 16. Percentage of census bait blocks gnawed by House Mice 1-2 weeks before and 23
weeks after hand-broadcast application of Ramik® Green bait in the treatment plot in wet forest,
Hawaii Volcanoes National Park.

Date start bait Non-treatment plot Treatment plot

application Before After Before After
7 Oct 1999 0 1.4 0 1.4
8 Dec 1999 0 0 0 1.4
8 Feb 2000 6.9 5.6 0 0
12 Apr 2000 0 5.6 0 0
14 Jun 2000 0 1.4 4.2 0
31 Aug 2000 0 0 0 0
9 Nov 2000 0 0 0 0
18 Jan 2001 - - - -
19 Mar 2001 0 0 0 0
24 May 2001 0 0 1.5 0
23 Aug 2001 0 12.5 4.2 5.6
17 Dec 2001 2.8 0 0 0
Average 0.88 2.41 0.90 0.76

0000000000000 000000000000000000000000000000°

Note: Data from before 18 January 2001 bait application in the treatment plot were lost
(see Appendix 3, deviation 2).
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Table 17. House Mouse live-captures per 100 corrected trap-nights 1-2 weeks before and 2-3
weeks after hand-broadcast application of Ramik® Green bait in the treatment plot in mesic

forest, Hawaii Volcanoes National Park.

Date start bait Non-treatment plot

Treatment plot

application Before After Before After
27 Jan 2000 21.83 10.65 9.81 0
5 July 2000 0.66 0.66 7.46 0.34
25 Oct 2000 3.12 3.86 9.35 0.63
Average 8.53 5.04 8.87 0.32
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Table 18. Percentage of census bait blocks gnawed by House Mice 1-2 weeks before and 2—3
weeks after hand-broadcast application of Ramik® Green bait in the treatment plot in
mesic forest, Hawaii Volcanoes National Park.

DQ.Q‘OQ....QQ....O.Q.Q‘.Q‘\.QQQ.OCOQC...QO...

Date start bait Non-treatment plot Treatment plot

application Before After Before After

27 Jan 2000 27.8 9.7 9.7 0

5 July 2000 6.9 0 0 0

25 Oct 2000 0 0 0 0

Average 11.6 3.2 3.2 0
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Table 19. Diphacinone concentration (ppm) detected in the livers of non-target birds collected
alive in the treatment plots 3—7 weeks after hand-broadcast application of Ramik® Green bait in
wet forest and mesic forest, Hawaii Volcanoes National Park.

(Data from the two treatment plots combined).

Species Number % with Diphacinone (ppm)

sampled diphacinone Mean Range
Kalij Pheasant 5 20 0.02 0-0.09
Red-billed Leiothrix 6 50 0.28 0-0.70
Northern Cardinal 6 17 0.07 0-0.39
Japanese White-eye 10 0 0 0-0.00
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Table 20. Percentage of census bait blocks pecked by Kalij Pheasants 1-2 weeks before and 2—4
weeks after hand-broadcast application of Ramik® Green bait in the treatment plot in the wet
forest, Hawaii Volcanoes National Park.

Date start bait Non-treatment plot Treatment plot

application Before After Before After
7 Oct 1999 0 0 0 0
8 Dec 1999 0 0 0 0
8 Feb 2000 0 0 0 0
12 Apr 2000 0 0 0 0
14 Jun 2000 0 0 1.4 1.4
31 Aug 2000 0 0 15.3 2.8
9 Nov 2000 1.4 0 6.9 0
18 Jan 2001 - - - -
19 Mar 2001 0 0 9.9 15.3
24 May 2001 0 0 16.2 38.9
23 Aug 2001 0 0 11.1 12.5
17 Dec 2001 6.9 0 25.0 12.5
Average 0.7 0.0 7.8 7.6

Note: Data from before 18 January 2001 bait application in the treatment plot were lost
(see Appendix 3, deviation 2).
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Table 21. Percentage of census bait blocks pecked by Kalij Pheasants 1-2 weeks before and 23
weeks after hand-broadcast application of Ramik® Green bait in the treatment plot in
mesic forest, Hawaii Volcanoes National Park.

Date start bait Non-treatment plot Treatment plot

application Before After Before After
27 Jan 2000 9.7 11.1 0 0
5 July 2000 2.8 18.1 5.6 8.5
25 Oct 2000 11.1 5.6 0 12.5
Average 7.9 11.6 1.9 7.0
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Table 22. Daily mean rainfall, and maximum and minimum temperatures from the treatment

plot in the wet forest for 14 days after hand-broadcast application of Ramik® Green bait
(unless otherwise stated).

Bait application Rainfall (mm) Temperature (°C)

No. Start date Mean Maximum Minimum
1 7 Oct 1999 5.9 21.9 12.3
2 8 Dec 1999 35.1 20.5 11.1
3 8 Feb 2000 0.2 22.9 7.4
4 12 Apr 2000 2.3 22.1 11.2
5 14 Jun 2000 4.2 20.4 13.5
6 31 Aug 2000 (15 days) 4.2 20.6 14.3
7 9 Nov 2000 (12 days) 10.3 18.6 13.5
8 18 Jan 2001 1.6 21.5 9.0
9 19 Mar 2001 1.5 19.1 10.4
10 24 May 2001 1.7 17.9 10.9
11 23 Aug 2001 (5 days) 4.4 18.0 11.3
12 17 Dec 2001 (16 days) 1.6 17.5 11.4
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Table 23. Daily mean rainfall, and maximum and minimum temperatures from the treatment
plot in the mesic forest for 14 days after hand-broadcast application of Ramik® Green bait
(unless otherwise stated).

Bait application Rainfall (mm) Temperature (°C)

No. Start date Mean Maximum Minimum

1 27 Jan 2000 0.1 23.1 6.3

2 5 Jul 2000 1.6 23.8 12.7

3 25 Oct 2000 (6 days) 6.1 26.4 12.4
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IX. FIGURES

Figure 1. Disappearance of Ramik® Green bait (expressed as % baits remaining) in wet forest,
Hawaii Volcanoes National Park. (dotted lines represent different hand-broadcast bait
applications between October 1999 and December 2001, dark solid line represents log-smoothed
average)

Figure 2. Disappearance of Ramik® Green bait (expressed as % baits remaining) in mesic
forest, Hawaii Volcanoes National Park, after hand-broadcast bait applications in January, July,
and October 2000

Figure 3. Live captures of rats (per 100 corrected trap-nights) in wet forest, Hawaii Volcanoes
National Park (arrows indicate date of bait applications)

Figure 4. Percentage of non-toxic census bait blocks interfered with by rats in wet forest, Hawaii
Volcanoes National Park (arrows indicate date of bait applications)

Figure 5. Live captures of rats (per 100 corrected trap-nights) in mesic forest, Hawaii Volcanoes
National Park (arrows indicate date of bait applications)

Figure 6. Percentage of non-toxic census bait blocks interfered with by rats in mesic forest,
Hawaii Volcanoes National Park (arrows indicate date of bait applications)
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Figure 1. Disappearance of Ramik® Green bait (expressed as % baits remaining) in wet forest,
Hawaii Volcanoes National Park (dotted lines represent different hand-broadcast bait
applications between October 1999 and December 2001, dark solid line represents log-smoothed
average).
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Figure 2. Disappearance of Ramik® Green bait (expressed as % baits remaining) in mesic
forest, Hawaii Volcanoes National Park, after hand-broadcast bait applications in January, July,
and October 2000.

Page 61 of 224



! _e— Treatment

18 - |l _a— Non-Treatment

Rats per 100 trap nights

QQQQQQQQQQQQQQQ\\\\\Q\QW

94,,\\,0,\,*,\,,4,0,\,09\9,04,«
%OQ S W W w» c_)eQ I W ¥ Q‘(&\ NP P

Date

Figure 3. Live captures of rats (per 100 corrected trap-nights) in wet forest, Hawaii Volcanoes -
National Park (arrows indicate date of bait applications).
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Figure 5. Live captures of rats (per 100 corrected trap-nights) in mesic forest (arrows indicate
date of bait applications).
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Figure 6. Percentage of non-toxic census bait blocks interfered with by rats in mesic forest
(arrows indicate date of bait applications).
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Appendix 1. Study protocol QA-02

PACIFIC ISLAND ECOSYSTEMS RESEARCH CENTER
BIOLOGICAL RESOURCES DIVISION
U.S. GEOLOGICAL SURVEY
U.S. DEPARTMENT OF THE INTERIOR

Study Protocol (Aug. 20, 1999)
I. Title:

Testing small mammal toxicants and application methods in Hawaiian mesic and wet
forests.

II. Study Directors:

Gerald D. Lindsey, Wildlife Biologist.
David Foote, Ecologist

III. Sponsors:

U.S. Dept. of the Interior, U.S. Geological Survey, Biological Resources Division,
Pacific Island Ecosystems Research Center

U.S. Dept. of the Interior, National Park Service, Hawaii Volcanoes National Park

HACCO, Inc., Madison, WI

IV. Background and Justification:

Alien small mammal and invertebrate predators have had devastating impacts on insular
environments worldwide, including the Hawaiian Islands. Evolution of the Hawaiian fauna and
flora occurred in a relatively high degree of isolation and its members are unusually susceptible
to selections pressures from non-native animal species. Native Hawaiian wet forests harbor
much of the remaining endemic biological diversity. Mesic forests cover less area than do wet
forests and have been much disturbed by human activities, but those in protected areas support a
diversity of native woody plant species. However, the role of introduced predators on forest
health and ecosystem properties in these habitats is poorly understood. In Hawaii, four species
of introduced rodents, the black (Rattus rattus), Polynesian rat (R. exulans), Norway rat (R.
norvegicus) and house mouse (Mus musculus) are found in a variety of habitats from sea level to
3050 m elevations (Stone 1985, Tomich 1986). These rodents, together with the introduced feral
cat (Felis catus) and Indian mongoose (Hespestes auropunctatus) inhabit forest habitat in varying
degrees of sympathy with native Hawaiian forest birds, plants, and invertebrates.

All three rat species, house mouse, feral cat, and mongoose are found in native forests on
Hawaii (Sugthara 1997, Tomich 1986, USGS/BRD, unpubl. data). Depredation of eggs,
nestlings and adult birds by introduced mammalian predators has been widely postulated as a
leading cause of the accelerated decline and extirpation of endemic Hawaiian avian species and
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as a major factor limiting present populations of endangered forest birds (Atkinson 1977, Berger
1981, Scott et al. 1986). In addition to eating eggs, nestlings and adult birds, rats prey on native
Hawaiian tree snails (Miller and Hatfield 1993) and insect larvae (Sugihara 1997). Rats may
also compete for food with the Hawaiian Crow (Corvus hawaiiensis) and Omao (Myadestes
obscurus) (Scott et al. 1986) and some endemic insectivorous bird species.

The size, arboreal behavior, and nocturnal habits of black rats cause them to be the
greatest rodent threat to native forest birds. Both black and Polynesian rats are known predators
to ground and burrow nesting birds (Johnson 1945, Baldwin 1945, Berger 1981, Kepler 1967,
Tomich 1986, Woodward 1972). Norway rats are generally restricted to cropland and areas
inhabited by humans and are uncommon in forest habitats (Tomich 1986, USGS/BRD unpubl.
data).

Seeds and fruits of many endemic plant species are susceptible to predation by rats. The
fruits of both rare and common species of Clermontia are eaten by rats in wet forests. In a study
carried out in wet montane forests of Maui, Sugihara (1997) reported a high frequency of fruits
and seeds of native plants in rat stomachs; plant species identified included Rubus hawaiiensis,
Coprosma spp., and Pittosporum spp. Early reports of rat damage in native wet forests included
observations of predation on fruits and seeds of the indigenous liana “ie'ie (Freycinetia arborea)
(Perkins 1903) and endemic loulu palms (Pritchardia) (Beccari and Rock 1921). The impact of
rats on endangered plants in wet forests is not well studied. In mesic forests of Hawaii
Volcanoes National Park, black rats damage flowers, fruit, seeds, and bark of the endangered hau
kuahiwi tree (Hibiscadelphus giffardianus) (Baker and Allen 1978). Bark stripping and seed
predation have also been noted on other mesic forest tree species, including olopua (Nestegis
sandwicensis), pilo (Coprosma rhynchocarpa), koa (Acacia koa), ho*awa (Pittosporum hosmeri),
sandalwood (Santalum paniculatum), and a'e (Zanthoxylum dipetalum) (Russell 1980,
Scowcroft and Sakai 1984, Cuddihy and Stone 1990).

Ebenhard (1988) concluded that the feral cat was the most dangerous predator ever
introduced to islands by man, and cited 38 known or probable cases where cats have seriously
affected the abundance of prey populations. The role of feral cats as predators on Hawaiian
forest birds is poorly known, but several findings suggest that they may be important predators of
native Hawaiian birds. Snetsinger et al. (1994) found remains of five banded birds in 30 cat
scats collected near Puu Laau on Mauna Kea, even though only a small percentage of birds in the
area were banded (USGS/BRD, unpubl. data). Van Riper (1980) watched a feral cat attack and
eat a brooding female Palila, and found partial remains of Common Amakihi (Hemignathus
virens) and Elepaio (Chasiempis sandwichensis) in the stomachs of a mongoose and two cats
collected at Puu Laau (van Riper 1978). Richardson and Woodside (1954) thought that feral cats
were serious predators on nesting dark-rumped petrels on Mauna Kea on the island of Hawaii.

Mongooses are not normally arboreal and have poor tree climbing abilities. However,
they are adaptable predators and are known to take eggs, young, and adults of eight species of
Hawaiian birds Federally listed as endangered (Stone et al. 1995). They may also occasionally
kill forest birds which feed on or near the ground or fledglings which spend some time on the
ground before becoming proficient in flying.

There are only two methods (trapping and toxicants) available for controlling predators
affecting native animal and plant populations in forested areas of Hawaii. Trapping can be an
effective short-term nonchemical means of controlling predators in small or limited areas.

Page 68 of 224




Diphacinone (0.005%), a first generation anticoagulant, in two flavors (peanut butter and fish) in
all weather bait blocks placed in bait stations has 24c State of Hawaii registration for use against
rats in off-shore islands, forests, and other non-crop areas. The fish-flavored bait is also
registered against mongoose. However, trapping and use of bait stations are labor intensive and
impractical for controlling predators over large conservation areas. Studies at Hakalau Forest
National Wildlife Refuge have demonstrated that, while the use of peanut butter-flavored bait
placed in bait stations was effective in reducing black rat populations, Polynesian rats appeared
reluctant to accept the bait in its present formulation or distribution method (USGS/BRD,
unpubl. data). No toxicants are registered for the control of feral cats in Hawaii.

Rats and mongoose are highly sensitive to anticoagulant toxicants. Multiple feedings by
rats on diphacinone baits are required and most mortalities generally occurs within 4 - 9 days
(Swift 1998). Based on laboratory bioassays, Swift (1998) recommended minimum exposure
periods and bait amounts of 7 days and 37.5 g (0.005% diphacinone bait; Ramik’ Green) for
black rats and 6 days and 30.0 g for Polynesian rats for effective control of wild rats in Hawaiian
ecosystems. A sublethal dose does not result in poisoning symptoms eliminating the
development of bait shyness. The LDsy (amount of chemical required to kill 50% of the
population) is 0.3-7 mg/kg for rats, 3.0-7.5 mg/kg in dogs, 14.7 mg/kg in cats, 150 mg/kg in pigs,
50-300 mg/kg in mice, 35 mg/kg in rabbits (Extoxnet 1993, IPCS 1995), and 0.18 mg/kg for
mongooses (Keith et al. 1990). Birds seem relatively tolerant to diphacinone, the LDs for
mallard duck was 3,158 mg/kg (IPCS 1995). The LCs, (lethal concentration required to kill 50%
of the population) for bobwhite quail was 4,485 mg/kg and for mallard ducks was >10,000
mg/kg in 8-day dietary studies (IPCS 1995).

Keith et al. (1990) fed pigs diphacinone (0.6 mg and 1.5 mg) for short periods (2 to 5
days). All pigs survived and, when sacrificed, symptoms of toxicosis were not evident at
necropsy. No diphacinone residues were found in muscle tissues but low levels (0.54 - 0.83
ppm) were found in liver samples. They note that this is well below the therapeutic (5 mg) dose
for humans. Even at the highest level, more than ten tons of liver would need to be consumed to
attain the human therapeutic dosage. During baiting for mongoose control, a pig killed at the
study site by researchers showed no residual diphacinone after laboratory analysis (Keith et al.
1990).

In secondary toxicity studies, Mendenhall and Pank (1980) observed no signs of
intoxication in two barn owls (Tyto alba) consuming diphacinone-killed rats over a 10 day
period. In another test, 3 great-horned owls (Bubo virginianus) and 1 saw-whet owl (degolius
acadicus), were fed 2 diphacinone-killed mice daily for 5 days. Three owls died within 14 days,
suggesting that a potential hazard could exist under some field conditions (Mendenhall and Pank
1980). Savarie et al. (1979) fed sheep meat containing 2.7 ppm diphacinone to golden eagles in
laboratory tests for 5-7 days. All eagles survived but all showed varying degrees of toxicity
before recovery. These investigators suggested that a secondary hazard exists for animals that
feed repeatedly on contaminated tissue. Under field conditions, however, alternate foods are
available reducing the possibility of consumption of contaminated prey.

Lindsey and Mosher (1994) assessed the secondary hazard potential of diphacinone to
raptors, particularly the endangered Hawaiian hawk or 'To and the Hawaiian owl or Pueo, within
forested areas. Results from their study suggest that hazards to avian predators from baiting with
0.005% diphacinone bait will be minimal. Dead rats (kill trapped) were located rapidly ( =2.9
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days) by mammalian scavengers and raptors did not appear to recognize dead rodents laying on
the forest floor as food items. Other rats moving above ground during the day, before and after
consuming diphacinone bait, remain under cover, minimizing their exposure to avian predators.
Because of the short duration that diphacinone-contaminated rats would be available for
scavenging and the availability of a wide range of prey, the potential risk for injury or death for
'To or pueo, as result of poisoning from diphacinone, would be minimal.

The non-target secondary poisoning hazard resulting from the use of anticoagulants is
also reduced by the delay in death of the target species, which allow time for the cleaning of the
gut content, metabolism and excretion of the toxicant (Godfrey 1985). Cox and Smith (1992)
showed that intake of food and water declined rapidly in anticoagulant-treated, caged Rattus
norvegicus. Hooker and Innes (1992) reported that black rats poisoned with the anticoagulant
brodifacoum maintained normal nocturnal movements and showed no nest change between dawn
and dark, suggesting no daytime movements. Most rats died in their nests or under cover,
suggesting that few rats dying of anticoagulant poisoning would be found in the open (Hooker
and Innes 1992, Lindsey and Mosher 1994).

Over the past two decades, Hawaii Volcanoes National Park (HAVO) has successfully
eliminated or reduced feral ungulates and many alien plant species in Special Ecological Areas
(SEA). The results of resource monitoring, including population studies of forest birds and rare
plants and invertebrates, indicate that control of small mammals is the next major challenge for
HAVO resource managers. Introduced rats, mongoose and feral cats have contributed to the loss
or decline of many native species in the park, including twelve listed threatened and endangered
(T&E) vertebrates (four of which are currently missing from the park). At least half of the
nineteen naturally occurring T & E plant species of the Park, as well as most of the native plants
listed as “species of concern”, have fleshy fruits or large seeds vulnerable to rats. Rat predation
on seeds, fruit, and invertebrates contribute to reduced food resources for forest birds, to
decreased populations of insect pollinators, and to limited reproduction and spread of some
endemic plants. As a consequence, testing multispecies toxicants is ranked as the highest
priority for research in the FY 1997 Resources Management Plan for the park.

We proposed to evaluate efficacy and safety of control techniques and bait delivery
systems in wet and mesic forest habitats within SEA’s at HAVO to generate supporting data
needed for state and federal regulatory approval for aerial broadcast bait application.

V. Objectives:
1. Determine efficacy of hand broadcast baiting with 0.005% diphacinone bait for the

control of rats in wet forest habitat.

2 . Determine efficacy of hand broadcast baiting with 0.005% diphacinone bait for the
control of rats in mesic forest habitat.

3. Determine efficacy of aerially broadcast baiting with 0.005% diphacinone bait.

4. Determine disappearance rate from the forest floor of diphacinone pellets.
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5. Monitor secondary hazard potential of hand and aerially broadcast 0.005%
diphacinone bait.

6. Monitor the impact of rodent predation on and recovery of representative populations
of native flora and fauna following control applications

V1. Study Locations:

The 10-acre hand broadcast application trial will be conducted within the Hawaii
Volcanoes National Park. The wet forest site will be in the southwest corner of "Ola‘a Forest
within the Koa Management Unit at approximately 1,200 m elevation. This 800 ha unit was
fenced in 1990 and has been free of feral pigs since 1994. The forest in this section of "Ola’a is
composed of an open canopy or scattered large ‘ohi'a trees (Metrosideros polymorpha) with an
open understory of mixed native trees and a dense lower layer of tree ferns (Cibotium spp.)
(Jacobi et al. unpublished). The tree fern layer is 2-5 m tall and has a dense cover of 8§0-90%.
Ground cover consists primarily of native ferns, shrubs, and sedges, but a few alien plants are
also common here, particularly yellow Himalayan raspberry (Rubus ellipticus) and banana poka
Passiflora mollissima). o

The mesic forest component of this trial will be conducted in Kipukas Puaulu and Ki,
ancient kipukas of deep ash soil surrounded by lava of the late prehistoric Keamoku flows. Both
kipukas are on the lower slope of Mauna Loa at 1,200-1,360 m elevation, and are approximately
8 km west of the wet forest study site of "Ola‘a. Vegetation of the central part of the kipukas is
composed of a tall koa/"ohi"a/soapberry (Acacia koa/ Metrosideros polymorpha/Sapindus
saponaria) forest. Ground cover is dominated by native ferns and herbs where the forest canopy
is dense, but blackberry (Rubus argutus) and alien grasses, such as meadow ricegrass (Ehrharta
stipoides) and Paspalum spp., are common in some areas. Kipuka Ki also contains some
Jerusalem cherry (Solanum pseudocapsicum). Large patches of open grassland with scattered
trees also occur in the kipukas (Mueller-Dombois and Lamoureux 1967). Kipuka Ki was fenced
against cattle in 1940s, and has been free of feral pigs since the mid-1980s. Kipuka Puaulu was
fenced against cattle in 1930s and has been free of feral pigs since the mid-1960s.

The aerial broadcast application trial will be conducted within the Hawaii Volcanoes
National Park. Specific study sites will be selected following completion of the hand broadcast
application trials.

VII. Methods:
A. Procedure

a. TEN-ACRE HAND BROADCAST BAIT APPLICATION

1. Study area. Two 4-ha (200 x 200 m) study plots will be established in each the wet

and mesic forest sites in Hawaii Volcanoes National Park. A 25-m x 25-m grid will be
established over each study area. In Olaa forest, the control plot will be separated from
the treated plot by at least 400 m. Alien plant control is underway in the part of "Ola’a
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" Forest adjacent to Wright Road, so the wet forest study plots will be placed at least 500 m
in the interior of the forest. Existing transects Nos. 16 and 18 in "Ola’a Forest will be
utilized to access the study plots, which will be selected along two transects in an area of
relatively homogeneous vegetation. The treatment plot will be along transect 18 and the
control plot along transect 16. In the mesic forest, the treatment plot will be established
in Kipuka Ki and the control plot in Kipuka Puaulu, 1.6 km east of Kipuka Ki. Warning
signs will be erected when diphacinone bait is applied.

2. Livetrapping. Eighty-one basket live traps will be placed at 25-m intervals on grid
lines spaced 25 m apart within each 4-ha study plot to obtain indices of rat densities pre-
and post-treatment (SOP BRD-04). All traps (in a closed condition) will be placed at trap
locations two weeks before actual trapping to allow rats time to become accustomed to
the traps. Two weeks before toxic pellets are applied to the treatment areas, trap
locations in each study plot will be prebaited with shredded coconut three days prior to
trap activation, then traps will be baited with coconut chunks and opened for four
consecutive nights. All rats captured will be identified to species, sexed, weighed,
eartagged and released (SOP BRD-09) . Traps will also be opened 1 week, 2 months,
and 4 months after the first and each subsequent hand broadcast baiting series to
determine efficacy and rat re-invasion rates. For each forest type (mesic and wet), rat
capture rates pre- and post-treatment in the control and treatment plots will be calculated
following the method by Nelson and Clark (1973) and compared by Chi-square analysis.

3. Census blocks. One week before the treatment plots are baited, 72 CENSUS™ non-
toxic bait blocks will be placed on a 25- x 25-m spacing within each 4-ha treatment and
control plot(SOP BRD-11). Blocks will be placed on transects in between live trap
locations (i.e., 12.5 m, 37.5 m, 62.5 m, etc.) for 2 nights before baiting, and at 2 weeks, 2
months, and 4 months following each toxic baiting series to determine efficacy and rat re-
invasion rates. Blocks will be examined daily for 2 days for rodent gnawing, and slug
and snail feeding. For each forest type (mesic and wet), the proportion of census blocks
gnawed on by rats pre- and post-treatment in the control and treatment plots will be
compared using Chi-square analysis.

4. Radio telemetry. Before the initial bait application, 10 to 15 rats within each treatment
plot and 10 to 15 rats within the each control plot will be fitted with transmitters (SOP
BRD- 10). Each rat will be monitored daily for at least three consecutive days
immediately before baiting to ensure the rat is alive and active (SOP BRD-13). Each rat
will be monitored daily for two weeks following bait application to determine its fate.
Nighttime monitoring will determine movement activity of radio-marked rats. Daytime
nest sites of each rat will be determined at least twice a week. Nest locations will be
recorded, nest material identified, and the nest will be measured (width, depth, inside
diameter). Nests will be collected by placement in a plastic ZipLok bag. Woody trees
and tree ferns containing rat nests will be identified, measured (trunk diameter at 4.5"),
and the height of the nest in the tree determined.
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We will attempt to locate and remove all radio-collared rats dying during the study. Dead
rats will be examined for green bait within their stomach and intestines, and for
hemorrhaging characteristic of anticoagulant poisoning. All rat carcasses will be placed
in marked containers, frozen, and retained for possible diphacinone analysis. One month
following bait application, radio-collared rats still alive will be live trapped and their
radios removed. For each forest types (mesic and wet), the proportion of radio-collared
rats surviving in post-treatment will be compared by Chi-square analysis.

5. Kill trapping - House mouse (Mus musculus). In each 4-ha study plot, 40 mouse traps
(2 traps at a location) will be placed at 10 m intervals along one transect within each 4-ha
study plot to estimate mouse densities pre- and post-treatment. Traps will be opened 3
weeks before toxic bait is applied, 2 weeks after toxic bait is applied, then at 2-month
interval after each hand broadcast toxic baiting series. During each trapping session,
traps will be baited with coconut chunks, opened, and examined daily for captures for 2
days. Traps will be rotated to a new transect before each trapping session. Mouse
capture rates pre- and post-treatment in the control and treatment plots will be calculated
following the method by Nelson and Clark (1973) and compared by Chi-square analysis.

6. Diphacinone Baiting. One fish-flavored formulations (Ramik®, HACCO, Inc.,
Madison, WI) of 0.005% diphacinone pellet bait (mean pellet size = 5.8 g) will be tested.
Prior to the actual 0.005% diphacinone bait application, all personnel will practice hand-
dispensing untreated pellets (rat food pellets or untreated bait pellet) of similar size to
simulate the selected application rate along 10 m transects in an open field.

One 4-ha treatment plot within the wet forest (Olaa forest - transect 16) and one 4-ha
treatment plot within the mesic forest (Kipuka Ki) will be hand broadcast baited with the
Ramik® bait. Each treatment plot will be flagged at 10 m intervals (first transect placed
at 5 m from the edge of the plot) to facilitate personnel access for bait application. The
0.005% diphacinone bait pellets will be applied when the ground is reasonably dry and
weather predictions call for less than 2 -inch rain in the next five days. Bait application
rate will be between 11.22 kg/ha (10 lbs/acre) and 33.64 kg/ha (30 Ibs/acre) and will
follow recommendation from controlled field trials (to be conducted May - July 1999)
using a nontoxic bait containing a biological marker to determine the optimum bait
application rate. The other 4-ha plot within each forest will not be baited to serve as a
control.

For each series of bait application, one-half of the bait will be hand broadcast on Day 1
and one-half of the bait will be hand broadcast between Day 3 and Day 7 (e.g., for an
application rate of 33.62 kg/ha (30 Ibs/acre), one-half (16.81 kg/ha or 15 1bs/acre) will be
hand broadcast on Day 1 and 16.81 kg/ha (15 Ibs/acre) will be hand broadcast between
Day 3 and Day 7). Timing of the second application rate will depend upon the
disappearance rate of marked pellets (see below). During the following one year period,
hand broadcast toxic bait applications will be repeated in the treatment plots every 2-3
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months or when rat populations recover to pretreatment levels, which ever is longer. A
maximum of 5 series of toxic bait applications will be applied to each treatment plot.

7. Bait Disappearance rate. Immediately after each toxic bait application series, the
location of 10 individual baits will be marked with numbered, colored wire flags at four
separate sites within each 4-ha baited area. Location of pellets will equal the density of
pellets per area from actual hand broadcast distribution. Each numbered, colored wire

- flag will be placed at a compass bearing of 360 degrees and touching the pellet. Each
pellet will be examined daily for 14 days or until eaten or the bait disintegrates. Data will
be recorded on disappearance, consumption by rats, and feeding by slugs, snails and other
invertebrates. ‘

8. Environmental conditions. Rain gauges and minimum/maximum thermometers will
be established in the treatment plot of each study area. Daily rainfall and temperature
will be recorded by 10 a.m. each morning for 2 weeks after each bait distribution series.
Rainfall will be recorded at weekly intervals between bait applications.

9. Non-target hazards - Vertebrates. Avian predators seen within the study areas will be
recorded throughout the study. Location of radio marked rats dying during the study will
be recorded to determine if the carcasses are accessible to avian predators. Four transects
(400 m long x 5 m wide and spaced 25 m apart; 10% of each total study plot) within each
treatment and control plot will be walked to search for non-target mortality 2 weeks
before, and 2 weeks and one month after each bait application series during the one year
period. Each transect will extend 100 m beyond each end of the study plots. Any carcass
discovered will be recorded to species, weighed, sexed, placed in individually marked
containers, frozen and retained for possible residue analysis.

We anticipate that our study area will be within the home range of several radio-marked
*To (Buteo solitarius) involved in a separate study. Radios on these "lo carry a mortality
signal. If 'To with radios are within or adjacent our study areas, we will monitor these "Io
before, during and after the toxicant drop to determine use of the study area by these
birds.

We will collect tissue and/or whole body samples from four introduced bird species:
Japanese white-eye (Zosterops japonicus), red-billed leiothrix (Leiothrix lutea), northern
cardinal (Cardinalis cardinalis) and kalij pheasant (Lophura leucomelana) for
diphacinone residue analysis. Birds will be collected using mist nets or shooting (kalij
pheasant) in each treatment plot 1 - 4 weeks after baiting. Samples will be placed in
marked plastic bags, frozen, and retained for possible residue analysis

10. Monitoring native flora and fauna recovery. Twenty seed traps (to exclude
predators) will be placed in each control and treatment area to determine seed fall and
seed predation under target tree species thought to be vulnerable to rat predation. Tree
species selected for this study in the wet forest will include Coprosma spp. Myrsine
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lessertiana, Melicope spp., and possibly Cheirodendron trigynum. In the mesic forest
site, target native tree species will be selected from those known to be predated by rats:
Hibiscadelphus giffardianus, Pittosporum hosmeri, Pisonia brunoniana, Coprosma
rhynchocarpa, and Pipturus albidus. Seed traps will be made from pvc pipe constructed
as a frame standing on four legs raised above the ground. A fine nylon mesh bag will be
attached to the frame to catch seeds. The size of the traps and plots will be at least 50 by
50 cm. Twenty open seed plots of the same size will be established at ground level to
monitor seed loss of the same tree species. One seed plot will be placed within 1 m of
each seed trap. Seed traps will be examined for seeds monthly. In the rat-proof seed
traps, seeds will be examined for rat damage done in the trees prior to seed fall. Seed loss
will be compared by Chi Square analysis.

Seeds of select native tree species will be germinated in a greenhouse and outplanted
inside and outside enclosures to determine predation over a one-year period. One
hundred forty seedlings of each species selected (100 in the treatment area and 100 in the
control area) will be planted in rat-proof enclosures(5 in each of 20 replicates), and the
same number will be planted outside the enclosures in both treatment and control areas.
Seedlings outside the rat-proof enclosures will be protected from Kalij pheasants
(Lophura leucomelana) by a barrier passable to rats. Another 100 seedlings will be
planted inside slug-proof barriers ate each study site. Fate of seedlings will be monitored
weekly. Predation on seedlings will be compared using Chi Square analysis. Species to
be outplanted as seedlings in the wet forest will include Clermontia parviflora,
Cheirodendron trigynum and Coprosma spp. Species outplanted in the mesic forest will
be Clermontia hawaiiensis, Hibiscadelphus giffardianus, Pittosporum hosmeri, Pisonia
brunoniana, Cheirodendron trigynum, and possibly Pipturus albidus. Existing seedlings
of some hard-to-propagate native species, such as the loulu palm or Pritchardia
beccariana, may be monitored in the same way as outplanted seedlings, if they occur
within the study plots.

Up to 50 each of flowers, fruit, and buds on selected native tree species will be marked in
each of the control and treatment areas. These will be monitored weekly to determine
their fate. Seeds of selected species known to be attractive to rats, such as Pittosporum
hosmeri, Hibiscadelphus giffardianus, and Pisonia brunoniana, will be glued or tethered
to trees in the treatment and control plots of the mesic forest and will be examined at
intervals of two days to detect rat predation.

Ten vegetation plots (10 x 20m) will be randomly selected within each study site to
evaluate stand structure of native forest trees before and after treatment to remove rats. A
similar set of plots will be established in untreated study sites to act as controls.

Soil and litter macroinvertebrates will be compared between treatment and control areas
using randomly placed pitfall traps (16 oz. Reynolds plastic cups with rain shelter). Trap
contents will be collected weekly and sorted. The taxonomic composition and biomass of
arthropods and other invertebrates will be summarized for each trap.
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b. AERJAL BROADCAST BAIT APPLICATION

1. Study area. Two 20.2 ha (50 acres; 450 x 450 m) study plots will be established in
either the wet or mesic forest within HAVO. Selection of forest type will be established
based on the results of the hand broadcast bait application study. Forest habitat will be
similar to that used for the hand broadcast bait application described above.

2. Livetrapping. In each 20 ha study plot, 144 basket live traps will be placed at 25 m
intervals on transects spaced 25 m apart to obtain indices of rat densities pre- and post-
treatment (SOP BRD-04). All traps (in a closed condition) will be placed at trap
locations two weeks before actual trapping to allow rats time to become accustom to the
traps. Two weeks before the treated area is baited, trap locations in each study plot will
be prebaited with shredded coconut three days prior to trap activation, then traps will be
baited with coconut chunks and opened for four consecutive nights. All rats captured
will be identified to species, sexed, weighed, eartagged and released (SOP BRD-09).
Traps will also be opened 2 week, 3 months, and 6 months after aerial bait application to
determine efficacy and rat re-invasion rates. Rat capture rates pre- and post-treatment in
the control and treatment plots will be calculated following the method by Nelson and
Clark (1973) and compared by Chi-square analysis.

3. Census blocks. One week before each treatment plot is baited, 132 CENSUS™ non-
toxic bait blocks will be placed on a 25- x25-m spacing within each 20 -ha plot (SOP
BRD-11). Blocks will be placed on transects in between live trap locations (i.e., 25 m, 75
m, 125 m, etc.) for 2 nights before baiting, and at 3 weeks, 3 months and 6 months
following baiting to determine efficacy and rat re-invasion rates. Blocks will be
examined daily for 2 days for rodent gnawing, and slug and snail feeding. The
proportion of census blocks gnawed on by rats pre- and post-treatment in the control and
treatment plots will be compared using Chi-square analysis.

4. Radio Telemetry. Before the initial bait application, up to 25 rats within each
treatment and up to 25 rats within each control plot will be fitted with transmitters (SOP
BRD- 10). Each rat will be monitored daily for at least 3 consecutive nights immediately
before baiting to ensure the rats are active and alive (SOP BRD-13). Each rat will be
monitored daily for two weeks following bait application to determine its fate. Nighttime
monitoring will determine movement activity of radio-marked rats. Daytime nest sites of
each rat will be determined at least twice a week. Rat nest locations will be recorded,
nest material identified, the nest will be measured (width, depth, inside diameter). Nests
will be collected by placement in a plastic ZipLok bag. Woody trees and tree ferns
containing rat nests will be identified, measured (trunk diameter at 4.5'), and the height of
the nest in the tree determined.

We will attempt to locate and remove all radio-collared rats dying during the study. Dead
rats will be examined for green bait within their stomach and intestines, and for
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hemorrhaging characteristic of anticoagulant poisoning. All rat carcasses will be placed
in marked containers, frozen, and retained for possible diphacinone analysis. One month
following bait application, radio-collared rats still alive will be live trapped and their
radios removed. The proportion of radio-collared rats surviving in post-treatment will be
compared by Chi-square analysis.

5. Kill trapping - House mouse (Mus musculus). In each 20-ha study plot, 54 mouse
traps (2 traps at a location) will be placed at 10 m intervals along one transect to estimate
mouse densities pre- and post-treatment. Traps will be opened 2 weeks before toxic bait
is applied, 4 weeks after toxic bait is applied, then at 3 & 6 month interval after each hand
broadcast toxic baiting series. Traps will be rotated to a new transect before each
trapping session. During each trapping session, traps will be baited with coconut chunks,
opened, and examined daily for captures for 2 days. Mouse capture rates pre- and post-
treatment in the control and treatment plots will be calculated following the method by
Nelson and Clark (1973) and compared by Chi-square analysis.

6. Diphacinone Baiting. One fish-flavored formulation (Ramik® Green, HACCO, Inc.,
Madison, WI) of 0.005% diphacinone pellet baits (8 g/pellet) will be tested. The 20 ha
treatment plot will be aerially broadcast baited with the fish-flavored diphacinone bait.
The other 20 ha plots will not be baited to serve as a control. We anticipate that /2 of the
bait will be aerially broadcast on Day 1 and ' of the bait will be aerially broadcast
between Day 3 and Day 7. Bait application rate (kg per ha) and duration between bait
applications will follow recommendation from controlled field trials using a nontoxic bait
containing a biological marker to determine the optimum bait application rate and the
results of the hand broadcast baiting trials discussed above. Bait pellets will be aerially
applied when the ground is reasonably dry and weather predictions call for less than 2-
inch rain in the next 5 days.

7. Bait Disappearance rate. Immediately after each bait application, the location of 20
individual baits will be marked with numbered, colored wire flags at four separate sites
within each treatment plot. Location of pellets will equal the density of pellets per area
from actual aerially broadcast distribution. Each numbered, colored wire flag will be
placed at a compass bearing of 360 degrees and touching the pellet. Each pellet will be
examined daily or 14 days or until taken or the bait disintegrates. Data will be recorded
on disappearance, feeding by slugs, snails and other invertebrates, and consumption by
rats.

8. Environmental conditions. Rain gauges and minimum/maximum thermometers will
be established at the study area. Daily rainfall and temperature will be recorded by 10
a.m. each morning for 2 weeks after each bait distribution series. Rainfall will be
recorded at weekly internals between bait application series.

9. Non-target hazards. Avian predators seen within the study areas will be recorded
throughout the study. Location of radio marked rats dying during the study will be
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recorded to determine if the carcasses are accessible to avian predators. Four transects
(650 m long x 5 m wide and spaced 50 m apart; 6.4% of each study plot) within the
treatment and control plot will be walked to search for non-target mortality 2 weeks
before, and 2 weeks and one month after bait distribution. Each transect will extend 100
m beyond each end of the study plots. Any carcass discovered will be recorded to
species, weighed, sexed, placed in individually marked containers, frozen and retained
for possible residue analysis.

We anticipate that our study area will be within the home range of several radio-marked
‘To (Buteo solitarius) involved in a separate study. Radios on these “lo carry a mortality
signal. We will monitor these "lo before, during and after the toxicant drop to determine
use of the study area by these birds.

We will also collect tissue and/or whole body samples from four introduced bird species:
Japanese white-eye (Zosterops japonicus), red-billed leiothrix (Leiothrix lutea), northern
cardinal (Cardinalis cardinalis) and kalij pheasant (Lophura leucomelana)-- for
diphacinone residue analysis. Birds will be collected by shooting and/or mist netting 1 -
4 weeks after baiting.

B. Identification of test, control, and reference substances, mixtures of substances with
carriers, mateials, and/or devices to be used or tested.
1. Ramik® Green fish flavored weather-resistant rodenticide

Compressed cereal grain: >98.995%

Sodium Saccharin (CAS No. 128-44-9): <1.0%
Di;la_hacinone (CAS No. 82-66-6): 0.005%
2. Census™ Bait Block (nontoxic rodent indicator)
3. Wire-cage Haguruma7 live traps (13 x 21 x 27 cm)
4. Victor mouse kill traps (10 x 4.5 cm)
5. Holohil rat radio transmitters (4.2 g)

C. Test substance accountability
Ramik Green rodenticide will be stored in a locked room within a locked building (Bldg
216) at the Hawaii Volcanoes National Park, Volcano, Hawaii.

D. Experimental Design and statistical analyses
See Section VII, A.2, 3,4, and 10. Catch per unit effort, adjusted for sprung traps,
percent census blocks gnawed, percent radio-collared rats alive, seed loss, and predation
on seedlings between the control and treatment study sites in each the wet and mesic
forests will be compared by Chi-square analysis. Treatment and control sites in the wet
and mesic forest were selected by random selection.

E. Environmental conditions
Rain gauges and minimum/maximum thermometers will be established at Kipuka Ki and
Olaa forest. Daily rainfall and temperature will be recorded by 10 a.m. each morning for
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2 weeks after each toxic bait application series. Rainfall will be recorded at weekly
intervals between bait application series.

F. Records
Field notes and data will be recorded with pencil on all-weather writing paper (Rite in the
Rain®, J. L. Darling Corp., Tacoma, WA) that shed water and can be used in wet,
muddy, and heavily vegetated study locations where use of permanent ink pens and
markers is not possible. Strict GLP record keeping guidelines will be adhered to.

1. Diphacinone bait application
Date and time of application
Study plot number and location
Weather conditions during application
Name of applicators
Name of bait applied
Quantity of bait distributed per acre
Pounds of bait applied per 4 ha study plot
Method of bait application

2. Rat live captures
Capture date
Capture location (plot, transect, and trap number)
Rat species
Ear tag numbers
Sex and weight
Reproductive condition
Males - Testes ascended or desended
Females - Vagina inperforate or perforate
Visibly pregnant
Name of recorder

3. Radio Telemetry

Date of radio attachment

Location (plot, transect, and trap number) of rat

Species of rat

Ear tag numbers

Sex and weight

Transmitter number

Transmitter frequency

Name of person attaching radio

Location and activity (moving/not moving) of radio-collared rat
Date and time
Rat number and transmitter number
Plot number
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Activity (moving/not moving)
Nest site (Plot No., transect, compass bearing, distance)
Name of recorder

4. Bait disappearance and degradation

Date and time

Weather conditions A

Condition of each individual bait
Bait location (plot and bait number)
Percent eaten by rodents or invertebrates
Bait disappearance
Bait weathering

Name of recorder

5. Census blocks
Date and time
Block location (plot, transect, and block number)
Percent of block gnawed by rodents and/or invertebrate
Name of recorder

6. Kill trapping
Date of trap placement
Capture date
Species and sex
Capture location (plot, transect, and trap number)
Name of recorder

7. Non-target hazards

Avian predators
Date of observation of avian predators
Location (transect and coordinates within plot)
Activity of avian predator
Name of recorder

Transect searches
Date and time
Plot and transect number
Name of person walking transect
Location of carcass
Species, sex, and weight

Collection of specimens
Collection date
Collection method
Location (transect and coordinates within plot)
Species
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Name of recorder

8. Environmental conditions
Date and time
Plot location and number
Rainfall
temperature (minimum, maximum, and ambient)

G. Authorities and permits
Written approval obtained from the State of Hawaii, Department of Agriculture,
Pesticide Division (EPU-99-01 and EPU-99-02) on May 5, 1999, and from U.S.
Dept. of the Interior, National Park Service, Hawaii Volcanoes National Park on
[Environmental Assessment dated ] to conduct this study. U.S. Fish &
Wildlife Service’s conducted a Section 7 consultation dated Aug. 6, 1999.

H. Standard operating procedures
SOP BRD-04: Live trapping rats (Rattus spp.)
SOP BRD-09: Handling, weighing, and ear-tagging live rats (Rattus spp.) under
field conditions.
SOP BRD-10: Placing radio transmitters on rats (Ratfus spp.) under field
conditions. |
SOP BRD-11: Placing non-toxic census blocks in the field to estimate rat (Raztus
spp.) densities.
SOP BRD-12: Evaluation of rodenticide pellets for degradation and
disappearance.
SOP BRD-13: Radio tracking techniques for marked rats (Rattus spp.).

I. Analytical chemistry
The Ramik® Green diphacinone will be assayed for diphacinone by the U.S.
Department of Agriculture, Animal & Plant Health Inspection Service, National
Wildlife Research Center.

J. Bait formulation
This protocol does not involve the formulation of toxic baits.

VIII. Animal Care and Use:

Date of IACUC Approval:

A. Test system.
Black rats, Polynesian rats, and Norway rats will be captured by live traps, ear

tagged (some fitted with radio transmitter) and released at the capture site. House
mice will be captured by live and snap (kill) traps. Mice live captured will be
immediately released
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B. Identification of test system.
Black, Polynesian, and Norway rats, and house mice are the only rodent species
found in the study area. Rats will individually marked with one numbered ear tag
in each ear.

C. Rationale for involving animals, and appropriateness of species, and for numbers.
See Section IV. Rodents (Rattus spp.) are the species for which the toxicant and
baiting method is being evaluated because of their depredation on Hawaiian
native plants and animals. Mice are also present in native ecosystems and may
eat broadcast bait. We cannot predict the number, weights, sexes, or ages of
animals that we will capture in our live and snap traps or that will consume toxic
baits.

D. Source.
Wild rodents in mesic and wet forests within the Hawaii Volcanoes National
Park.

E. Trapping
SOP BRD-04

F. Handling/restraint
SOP BRD-09
SOP BRD-10
SOP BRD-11

G. Transport - N/A

H. Housing/Maintenance - N/A

I. Carrier/diet/contaminants - N/A

J. Route of administration.
Orally; baits are intended for ingestion.

K. Dosage
Ramik® Green compressed cereal grain pellets treated with 0.005% concentration

of diphacinone will be hand or aerial broadcast in the field at a sowage rate of
11.22 - 33.64 kg/ha (10 - 30 Ibs/acre).

L. Quarantine - N/A

M. Disposition of animals
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All recovered animals will be retained at USGS/BRD Pacific Island Ecosystems
Research Center’s Kilauea Field Station or disposed of by burial at the study site.

N. Prior studies
We have searched the scientific literature, as well as communicated with other
biologists and bait manufactures in this field, and have discovered no previous
studies evaluating broadcast applications of Ramik® Green containing 0.005%
diphacinone in native ecosystems similar to Hawaii. The protocol described
herein does not duplicate previous experiments.

> O. Pain

1. Alternative procedures.

Live trapping and handling of rats will not result in pain to the animals.
House mice will be killed instantly in snap trap. Rodents ingesting
diphacinone baits will be allowed to die naturally from the effects of the
toxicant. Diphacinone ingested by rats acts by inhibiting enzymes
involved in blood clotting and death is caused by hemorrhaging.
Evaluation effectiveness of experimental toxicants under field conditions
is required before obtaining State and Federal registration of the toxicant
and application method.

2. Justification for withholding sedatives or analgesics. Free-ranging rodents
consuming diphacinone will die withi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>