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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°A> (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, 220/0 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 treatInent 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
Hawaii1

, 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

1 Hawaiian names are spelt without diacritical marks except in literature citations and attached documents.
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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; USGSIBRD unpub!. 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; USGSIBRD unpub!. 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; IUCN
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 Ieie (Freycinetia arborea) (Perkins 1903) and endemic Loulu palms
(Pritchardia spp.) (Beccariand 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 Pa1ila (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 nonnally 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-tenn 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 fonnulation 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 LDso (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 LDso for the Bobwhite Quail (Colinus
virginianus) was 1,630 mg/kg and the Mallard Duck (Anas platyrhynchos) was 3,158 mg/kg
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(IPCS 1995). The LCso (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 (Tyto alba) that consumed diphacinone-killed rats over a 10-day period. In
another test, three Great-homed Owls (Bubo virginianus) and one Saw-whet Owl (Aegolius
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 10 (Buteo solitarius) and the Hawaiian Owl or
Pueo (Asio 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 HAYO.

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 HAYO, 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 proj ect 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 0.0050/0 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 0.0050/0 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 (RAVO Transect 18) by
450m.

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
koal'ohi'alsoapberry (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
atRAYO.

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 of24 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-perfonnance liquid chromatography (RPLC) (Appendix 15, Mary Ann Douglas, RACCa
Inc., pers. comm.). The diphacinone content of the first lot of bait was measured againin 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 RPLC (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 RACCa (Appendix 15, Mary Ann Douglas, RACCa 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 lbs/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 (RAYa 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-I0 (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:

0/0 kill = 100 x «expected number - observed number) I (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 NeIder 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 12.5 m, 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 I-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 1000/0 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. J

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

Page 19 of 224



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 (n = 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 lb, or 90 kg) was applied (at 20 lbs/acre, or 22.4kg/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 4-6 days later, or 0.016 oz per acre in each bait application
senes.
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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, 0 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 (X2 = 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 (X2 = 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 (X2 = 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 (X2 = 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, 220/0 of the rats captured in the non-treatment plot were recaptures (X2 = 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 29.60/0 census bait blocks in the treatment plot (26.8% of blocks gnawed by rats plus 2.80/0
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% (X2 = 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 (35.20/0 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 ofbait 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 (X2

= 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 500/0 of the pre­
treatment capture rate (Fig. 5).

Three weeks after the second series ofbait 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 (X2

= 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 (r; = 7.38, 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, 220/0 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
(X2 = 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 34.70/0 (20.8% gnawed by rats, 13.9% missing) to 12.5% (4.20/0 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 68.50/0 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, 95.50/0 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 (n = 5; rat # 4007,
4041, 4042, 4046, and 4143 in Appendix 19), those found 2-3 weeks after bait application was
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3.4 ppm (n = 1; rat # 4047 in Appendix 19), and those found 6-7 weeks after bait application
was 1.7 ppm (n = 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 i!ye radio-collared rats recovered dead in the wet forest treatment plot,.~were found in
1[" the center of hollow tree fern trunks and~ in a fallen ohia tree trunk) inaccessible to potential

avian predators, and three were found on the ground (two either partially or completed covered
with fern fronds, andO'iieon 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 98-1OOO~ 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 1000/0 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 1000/0, 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 LDso 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-trappin~ 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 LDso 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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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).

VIII. TABLES
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Mean ± standard error

September 1999 (n=205)
Weight (g)
Length (mm)
Diameter (mm)
October 1999 (n=205)
Weight (g)
Length (mm)
Diameter(rru1l)
May 2001 (n=24)
Weight (g)
Length (mm)
Diameter (mm)

Lot No. 125218
(manufactured May 1999)

5.8 ± 0.05
22.0 ± 0.16
20.2 ± 0.06

5.8 ± 0.05
22.1 ± 0.17
20.3 ± 0.05

6.2 ± 0.10
22.7 ± 0.30
20.9 ± 0.20

Lot No. 144548
(manufactured September 2000)

6.5 ± 0.1
23.5 ± 0.4
20.5 ± 0.4



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).

See Appendix 15 and 16 for details.

Lot No.

125218

144548

Date of analysis
(month, year)
May 1999
April 2000
September 2000
January 2002
April 2002
May 2002

Age ofbaits
(months)

o
12
o

16
19
20
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Diphacinone
content (ppm)

51
46.4 ± 0.6

51
40.3 ± 0.9
39.4 ± 0.7

44

Analytical
laboratory

RAcca
Genesis

HAcca
Genesis
Genesis

HACCa
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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.
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Date Non-treatment Treatment
plot plot

Before
(29 Sep-l Oct 99) 11 5
After
(19 Oct-22 Oct 99) 9 0

0/0 change
after treatment

-100



Table 4. Rat live captures per 100 corrected trap-nights in treatment and non-treatment plots 1-2 weeks before and 2-4 weeks after
repeat hand-broadcast applications ofRamik® 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 % kill in Chi-square Pvalue
application Before After % change Before After % change treatment plot 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 a -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 ofRamik® Green bait
in wet forest, Hawaii Volcanoes National Park. .
(All applications combined).
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Species

Black Rat
Polynesian Rat
Norway Rat
Total caught (n)

Non-treatment plot
Before After

78.3 75.9
12.3 16.6
9.4 7.5

(212) (199)

Treatment plot
Before After

72.0 57.1
20.8 21.4

7.2 21.4
(250) (28)



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 ofRamik® 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

Adult male
Adult female
Adult sex unknown
Juvenile male
Juvenile female
Juvenile sex unknown
Total caught (n)

Non-treatment plot
Before After

28.8 31.3
22.0 23.6

7.8 3.3
25.9 25.8
10.2 10.4
5.5 5.5

(205) (182)
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Treatment plot
Before After

44.4 42.3
22.6 15.4

2.5 0.0
10.3 19.2
14.8 11.5
5.3 11.5

(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 ofRamik® Green bait in wet forest,
Hawaii Volcanoes National Park.
(n = number of rats captured).

Date start bait Non-treatment plot Treatment plot
application 0/0 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 33.3 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)

* 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 ofRamik® 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
o~ kill in Chi-square P value

application Before After % change Before After % change treatment plot 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 -1.4 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 54.2 5.6 -89.7 90 13.71 <0.001

17 Dec 2001 93.0 100.0 +7.5 75.0 4.2 -94.4 95 183.24 <0.001

Note: Data from the before 18 January 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.

Date Non-treatment Treatment
plot plot

Before
(19 Jan-22 Jan 00) 13 17
After
(8 Feb-II Feb 00) 12 0

0/0 change
after treatment

-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 ofRamik® 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 % kill in Chi-square Pvalue
application Before After % change Before After % change treatment plot value

27 Jan 2000 12.48 17.87 +43.2 10.86 0 -100 100 24.02 <0.001
5 Ju12000 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 ofrats (%) caught in treatment and non-treatment plots
1 week before and 2-3 weeks after hand-broadcast applications ofRamik® Green bait
in mesic forest, Hawaii Volcanoes National Park.
(All applications combined).
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Species

Black Rat
Polynesian Rat
Norway Rat
Total caught (n)

Non-treatment plot
Before After

97.7 96.1
1.1 1.3
1.1 2.6
(86) (77)

Treatment plot
Before After

96.9 100
3.1 0
0.0 0
(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 ofRamik® 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).
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Sex and age class

Adult male
Adult female
Adult sex unknown
Juvenile male
Juvenile female
Juvenile sex unknown
Total caught (n)

Non-treatment plot
Before After

30.5 30.6
28.0 34.7
11.0 2.8
12.2 22.2
17.1 6.9

1.2 2.8
(82) (72)
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Treatment plot
Before After

51.9 100
30.8 0

0.0 0
5.8 0

11.5 0
0.0 0
(52) (2)



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

Date start bait Non-treatment plot Treatment plot
application % n 0/0 n
27 Jan 2000 19.1 47 0 0
5 Jul2000 11.1 9 0 1
25 Oct 2000 33.3 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 ofRamik® 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 % kill in Chi-square Pvalue
application Before After % change Before After % change treatment plot value

27 Jan 2000 56.9 62.5 +9.8 5.6 0 -100 100 36.56 <0.001
5 Jut 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 ofRamik® Green bait in the treatment plot in wet forest,
Hawaii Volcanoes National Park.

Date start bait
application
7 Oct 1999
8 Dec 1999
8 Feb 2000
12 Apr 2000
14 Jun 2000
31 Aug 2000
9 Nov 2000
18 Jan 2001
19 Mar 2001
24 May 2001
23 Aug 2001
17 Dec 2001
Average

Non-treatment plot
Before After

a 0.34
a 0

0.65 0.33
o 0
o 0.35
o 0
o 0

0.33 0
o 0

1.13 1.14
7.11 1.93
2.94 6.22
1.01 0.86
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Treatment plot
Before After

o 0.31
4.97 a
0.66 0
0.69 0.32
0.71 0.71

o 0
3.62 a
0.35 0.63
0.33 a
0.81 0

o 0.97
1.77 0
1.16 0.24
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Note: Data from before 18 January 2001 bait application in the treatment plot were lost
(see Appendix 3, deviation 2).

Table 16. Percentage of census bait blocks gnawed by House Mice 1-2 weeks before and 2-3
weeks after hand-broadcast application ofRamik® Green bait in the treatment plot in wet forest,
Hawaii Volcanoes National Park.

o
o

5.6
o

1.4
1.4

o
o
o
o
o

0.76

After
o
o
o
o

4.2
o
o

o
1.5
4.2

o
0.90

Treatment plot
Before

1.4
o

5.6
5.6
1.4

o
o

2.41

o
o

12.5
o

After

o
o
o

2.8

o
o

6.9
o
o
o
o

0.88

Before
Non-treatment plot

Average

7 Oct 1999
8 Dec 1999
8 Feb 2000
12 Apr 2000
14 Jun 2000
31 Aug 2000
9 Nov 2000
18 Jan 2001
19 Mar 2001
24 May 2001
23 Aug 2001
17 Dec 2001

Date start bait
application



Table 17. House Mouse live-captures per 100 corrected trap-nights 1-2 weeks before and 2-3
weeks after hand-broadcast application ofRamik® Green bait in the treatment plot in mesic
forest, Hawaii Volcanoes National Park.

Date start bait
application
27 Jan 2000
5 July 2000
25 Oct 2000
Average

Non-treatment plot
Before After
21.83 10.65

0.66 0.66
3.12 3.86
8.53 5.04
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Treatment plot
Before After

9.81 0
7.46 0.34
9.35 0.63
8.87 0.32

e
e
e­e
e
e
e•e
e­e
e
e
e­•••e
e
e
e
e­•e
e
e
e••e
e
e
e
e
•e
e
e
e
•



Table 18. Percentage of census bait blocks gnawed by House Mice 1-2 weeks before and 2-3
weeks after hand-broadcast application ofRamik® Green bait in the treatment plot in
mesic forest, Hawaii Volcanoes National Park.

e
e
e
e
e
e
e
e•e
e­e
e
e­e••e
e
e
e
e
e
e­e
e
e­e
e,
e
e
e
e
e­e
e
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Date start bait
application
27 Jan 2000
5 July 2000
25 Oct 2000
Average

Non-treatment plot
Before After
27.8 9.7

6.9 0
o 0

11.6 3.2
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Treatment plot
Before After

9.7 0
o 0
o 0

3.2 0



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 ofRamik® 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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Note: Data from before 18 January 2001 bait application in the treatment plot were lost
(see Appendix 3, deviation 2).

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.

Before After

7.6

15.3
38.9
12.5
12.5

Treatment plot

7.8

9.9
16.2
11.1
25.0

o 0
o 0
o 0
o 0

1.4 1.4
15.3 2.8
6.9 0

Before After

o
o
o
o

0.0

Non-treatment plot

0.7

o 0
o 0
o 0
o 0
o 0
o 0

1.4 0

o
o
o

6.9
Average

7 Oct 1999
8 Dec 1999
8 Feb 2000
12 Apr 2000
14 Jun 2000
31 Aug 2000
9 Nov 2000
18 Jan 2001
19 Mar 2001
24 May 2001
23 Aug 2001
17 Dec 2001

Date start bait
application
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Table 21. Percentage of census bait blocks pecked by Kalij Pheasants 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
application
27 Jan 2000
5 July 2000
25 Oct 2000
Average

Non-treatment plot
Before After

9.7 11.1
2.8 18.1

11.1 5.6
7.9 11.6
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Before After

o 0
5.6 8.5

o 12.5
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 ofRamik® Green bait
(unless otherwise stated).

e
e
e
e
e
e
e
e
e
e
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Bait application
No. Start date
1 7 Oct 1999
2 8 Dec 1999
3 8 Feb 2000
4 12 Apr 2000
5 14 lun 2000
6 31 Aug 2000 (15 days)
7 9 Nov 2000 (12 days)
8 18 Jan 2001
9 19 Mar 2001
10 24 May 2001
11 23 Aug 2001 (5 days)
12 17 Dec 2001 (16 days)

Rainfall (rom)
Mean

5.9
35.1

0.2
2.3
4.2
4.2

10.3
1.6
1.5
1.7
4.4
1.6
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Temperature (OC)
Maximum Minimum

21.9 12.3
20.5 11.1
22.9 7.4
22.1 11.2
20.4 13.5
20.6 14.3
18.6 13.5
21.5 9.0
19.1 10.4
17.9 10.9
18.0 11.3
17.5 11.4



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 ofRamik® Green bait
(unless otherwise stated).

Bait application
No. Start date
1 27 Jan 2000
2 5 Jul2000
3 25 Oct 2000 (6 days)

Rainfall (mm)
Mean

0.1
1.6
6.1
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Temperature (Oe)
Maximum Minimum

23.1 6.3
23.8 12.7
26.4 12.4

e
e
e
e
e
e
e
e
e
e­e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
•



e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e­e
e
e
e
e
e
e
e
e
e
e
e
•

IX. FIGURES

Figure 1. Disappearance ofRamik® 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 ofRamik® 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 ofrats (per 100 corrected trap-nights) in wet forest, Hawaii Volcanoes
National Park (arrows indicate date ofbait applications)

Figure 4. Percentage ofnon-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 ofbait applications)

Figure 6. Percentage of non-toxic census bait blocks interfered with by rats in mesic forest,
Hawaii Volcanoes National Park (arrows indicate date ofbait applications)
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Figure 1. Disappearance ofRamik® 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).

e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
•

282114

Day

7o



e
e
e
e
e
e
e
e
-­e
e­e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
•

100 l
~Jan-OO

__ Jul-OO
80en --e---- Oct-OOc:

c:
"cu 60
E
Q)
lo-

U> 40..
"cu
ttl
~ 200

0

0 7 14

Day

Figure 2. Disappearance ofRamik® Green bait (expressed as % baits remaining) in mesic
forest, Hawaii Volcanoes National Park, after hand-broadcast bait applications in January, July,
and October 2000.
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Figure 3. Live captures of rats (per 100 corrected trap-nights) in wet forest, Hawaii Volcanoes
National Park (arrows indicate date ofbait applications).
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Figure 4. Percentage of non-toxic census bait blocks interfered with by rats in wet forest
(arrows indicate date ofbait 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 ffi::. exulans), Norway rat (&
norvegicus) and house mouse (Mus musculus) are found in a variety ofhabitats 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 (Sugihara 1997, Tomich 1986, USGSIBRD, unpubl. data). Depredation ofeggs,
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 ofblack 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 ofMaui, 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 ofprey 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 ofbirds in the
area were banded (USGSIBRD, 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 ofa 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 ofcontrolling predators in small or limited areas.
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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 ofHawaii 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 ofpeanut 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 of7 days and 37.5 g (0.005% diphacinone bait; Ramik7 Green) for
black rats and 6 days and 30.0 g for Polynesian rats for effective control ofwild rats in Hawaiian
ecosystems. A sublethal dose does not result in poisoning symptoms eliminating the
development ofbait shyness. The LDso (amount of chemical required to kill 500/0 of the
population) is 0.3-7 mg/kg for rats, 3.0-7.5 mglkg in dogs, 14.7 mglkg in cats, 150 mg/kg in pigs,
50-300 mglkg in mice, 35 mglkg in rabbits (Extoxnet 1993, IPCS 1995), and 0.18 mglkg for
mongooses (Keith et al. 1990). Birds seem relatively tolerant to diphacinone, the LDso for
mallard duck was 3,158 mg/kg (IPCS 1995). The LCso (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 bam owls (Tyto alba) consuming diphacinone-killed rats over a 10 day
period. In another test, 3 great-homed owls (Bubo virginianus) and 1 saw-whet owl (Aegolius
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 '10 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 duringthe 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 ofprey, the potential risk for injury or death for
'10 or pueo, as result ofpoisoning 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 ofwhich 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 FY1997 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 0.0050/0 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°tlo
diphacinone bait.

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

VI. Study Locations:

The 10-acre hand broadcast application trial will be conducted ~ithin the Hawaii
Volcanoes National Park. The wet forest site will be in the southwest comer 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 ofmixed 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 80-90%.
Ground cover consists primarily ofnative 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 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 ofMauna 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 koal'ohi'alsoapberry (Acacia koal Metrosideros polymorphaiSapindus
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 ofKipuka 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-ll). 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.

Page 72 of 224

e
e
e
e
e
e
e­e
e
e­e
e
e
e­e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
•



e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
•

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 dipbacinone 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 10m 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®, RACCO, Inc.,
Madison, WI) of0.005% 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 10m 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 kglha (10 lbs/acre) and 33.64 kg/ha (30 lbs/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 ofbait application, one-halfof 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 of33.62 kglha (30 lbs/acre), one-half(16.81 kg/ha or 15 lbs/acre) will be
hand broadcast on Day 1 and 16.81 kg/ha (15 lbs/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 ofpellets 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 mapart; 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
'10 (Buteo solitarius) involved in a separate study. Radios on these '10 carry a mortality
signal. If '10 with radios are within or adjacent our study areas, we will monitor these '10
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 Ka1ij pheasants
(Lophura leucomelana) by a barrier passable to rats. Another 100 seedlings will be
planted inside slug-proofbarriers 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 Clennontia 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 detennine
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 ofnative forest trees before and after treatment to remove rats. A
similar set ofplots 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. AERIAL 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-ll). 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 - Rouse mouse (Mus musculus). In each 20-ha study plot, 54 mouse
traps (2 traps at a location) will be placed at 10m 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, RACCO, Inc.,
Madison, WI) of 0.0050/0 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 Y2 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 ofpellets will equal the density ofpellets 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
'10 (Buteo solitarius) involved in a separate study. Radios on these '10 carry a mortality
signal. We will monitor these '10 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 (Zosteropsjaponicus), 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): <1.00/0
Diphacinone (CAS No. 82-66-6): 0.005%

2. Census™ Bait Block (nontoxic rodent indicator)
3. Wire-cage Haguruma7live traps (13 x 21 x 27 cm)
4. Victor mouse kill traps (lOx 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 ofpermanent 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 ofbait distributed per acre
Pounds ofbait applied per 4 ha study plot
Method ofbait 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 ofperson 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
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 ofblock 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 ofperson 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 __Jto 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-1 0: Placing radio transmitters on rats (Rattus spp.) under field
conditions.
SOP BRD-11: Placing non-toxic census blocks in the field to estimate rat (Rattus
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 ofAgriculture, 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
SOPBRD-09
SOP BRD-I0
SOP BRD-ll

G. Transport - N/A

H. HousinglMaintenance - N/A

1. 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 lbs/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 ofby burial at the study site.

IX. Endangered Species Act compliance
Is there a possibility that the study, as proposed, will or may affect threatened or

endangered species?

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 ofRamik® Green containing 0.005%
diphacinone in native ecosystems similar to Hawaii. The protocol described
herein does not duplicate previous experiments.

No:Yes: X

Euthanasia. Animals found alive in snap traps will be immediately
euthanized by cervical dislocation. Target alien birds captured in mist nets
will be euthanized using CO2•

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.
Justification for withholding sedatives or analgesics. Free-ranging rodents
consuming diphacinone will die within 3 to 7 days. Mice captured in snap
traps generally die instantly. Administering sedatives or analgesics to
these individuals is not possible in the field.
Consultation with attending Veterinarian.

4.

3.

2.

O. Pain
1.

A Section 7 consultation on experimental use of diphacinone pellets in Hawaii Volcanoes
National Park was conducted by the U.S. Fish & Wildlife Service (Service) Aug. 6, 1999. The
only federally listed species in the action area that may be adversely affected by diphacinone is
the 10 (Buteo solitarius). The Service's biological opinion was that hand-broadcast baiting of
diphacinone, as proposed, is not likely to jeopardize the continued existence of the 10. The
Section 7 consultation did not rule on aerial baiting ofdiphacinone.
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X. National Environmental Policy Act compliance
Does the study, as proposed, have the potential for significant impact on the

environment?

XI. Employee safety
USGS/BRDIPIERC safety regulations will be followed. Routine safety procedures will
be followed and appropriate protective equipment will be worn by employees handling
and distributing bait, and trapping and handling rodents.

Total
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Oct 1999
Oct 2001
July 2002

0.5
0.2
0.2
0.75
0.5
0.75
0.75
3.15

No: XYes:

XIV. Cooperators and consultants:
Gerald D. Lindsey
USGS/BRDIPIERC
Kilauea Field Station
P.O. Box 44
Hawaii National Park, HI 96718

Judith Thompson
HACCO, Inc.
Registration Manager, Rodenticides
P.O. Box 7190
Madison, WI 53707

David Foote
USGSIBRDIPIERC
Kilauea Field Station
P.O. Box 44
Hawaii National Park, HI 96718

XIII. Staffing:
Position (FY 99 - FY02)

USGSIBRD Wildlife Biologist
Ecologist
Botanist
Biological Technician
Biological Technician
Intern
Intern

XII. Schedule
Proposed Experiment Start Date:
Proposed Experiment Termination Date:
Proposed Study Completion Date:
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XV. Staff Qualifications .
All study participants have documentation on·file which verifies their qualifications for
the work they will perform in this study.

XVI. Archiving
All raw data, documentation, records, protocols, specimens, correspondence and other
documents relating to interpretation and evaluation of data, and final reports generated as
a result of this study will be retained in the archives of the Pacific Island Ecosystems
Research Center at Kilauea Field Station, P.O. Box 44, Hawaii National Park, Hi 96718.
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XVIII. Signature Page:

Note: Signed copy of this document could not be located.

Study Director

Study Director

Approved:

Director, PIERC
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Appendix 2. Amendments to study protocol QA-02.

Amendment No. 1. V. Objectives.

Amendment No.2. VII. Methods. A. Procedure. 1. Study Area.

Amendment No.3. VII. Methods. A. Procedure. 2. Live-trapping (time intervals).

Amendment No.4. VII. Methods. A. Procedure. 2. Live-trapping (method of analysis).

Amendment No.5. VII. Methods. A. Procedure. 3. Census blocks.

Amendment No.6. VII. Methods. A. Procedure. 4. Radio-telemetry.

Amendment No.7. VII. Methods. A. Procedure. 5. Kill-trapping.

Amendment No.8. VII. Methods. A. Procedure. 6. Diphacinone baiting.

Amendment No.9. VII. Methods. A. Procedure. 7. Bait disappearance rate.

Amendment No.1 O. VII. Methods. A. Procedure. 9. Non-target hazards (searching).

Amendment No. 11. VII. Methods. D. Experimental design and statistical analyses.

Amendment No. 12. VII. Methods. I. Analytical chemistry.

Amendment No. 13. VIII. Animal Care and Use. A. Test system.

Amendment No. 14. VIII. Animal Care and Use. M. Disposition of animals.

Amendment No. 15. XII. Schedule.
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Revision:

3. Determine efficacy of aerially broadcast baiting with 0.0050/0 diphacinone bait.

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

Date
---+--I-~=--------

Date___--Looo:~~+__~_---_
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QA Officer: ~i3

5. Monitor the secondary hazard potential of hand-broadcast 0.005% diphacinone bait.

Reasons: The study was divided into three parts (1) the efficacy and safety of hand-broadcast
baiting, (2) the efficacy and safety of aerial-broadcast baiting, and (3) the impact of rodent
predation on and recovery of representative populations of native flora and fauna following
control applications. Each part will be reported separately.

Effect ofAmendment: This amendment should not affect the outcome of the study.

Study Director: OJj..t;.

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

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

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

4. Determine disappearance rate from the forest floor of diphacinone pellets.

5. Monitor secondary hazard potential ofhand 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

Amendment No.1. V. Objectives.

Item to be changed:

1. Determine efficacy of hand broadcast baiting with 0.005% diphacinone bait for the control of
rats in wet forest habitat.
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Amendment No.2. VII. Methods. A. Procedure. 1. Study Area.

Item to be changed: A 25-m x 25-m grid will be established over each study area.

Revision: A 12.5-m x 12.5-m grid will be established over each study area.

Reasons: Due to the dense vegetation in the study areas, a 12.5-m x 12.5-m grid was considered
necessary to ensure a more even distribution ofbaits during the hand-broadcast application.

Effect of Amendment: This amendment should improve the outcome of the study.

GL~ Date_----,~~/2.:;.""",::s-+/c-.,;..t:>-=3 _Study Director:

QA Officer:_~_'''''''''''''-"'-~/7'9"-'I-~_&__- Date_---:~"-+-b--~"--J;It'--o-=~----



Amendment No.3. VII. Methods. A. Procedure. 2. Live-trapping (time intervals).

Item to be changed: Traps will also be opened 1 week, 2 months, and 4 months after the first and
each subsequent hand broadcast baiting series...

Revision: Traps will also be opened approximately 3 weeks, 2 months, and when possible
4 months after each hand-broadcast baiting series...

Reasons: The intervals at which traps were opened were varied to fit in with the rate of bait
acceptance by rats, weather, and other variables (such as weekends and public holidays). When
the monitoring 2 months after bait application showed that the rat population had recovered to
pre-treatment levels, a new application of bait was made about 1 week later, and therefore the
4-month post-application monitoring was not possible (or necessary).

Effect of Amendment: This amendment should not affect the outcome of the study.
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Date eksjo3

Amendment No.4. VII. Methods. A. Procedure. 2. Live-trapping (method of analysis).

Items to be changed: For each forest type (mesic and wet), rat capture rates pre- and post­
treatment in the control (non-treatment) and treatment plots will be compared by Chi-square
analysis.

Revision: Rat capture rates pre- and post-treatment in the control (non-treatment) and treatment
plots will be 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) will
be 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 applications in the wet forest and three bait applications in the mesic forest), and these
values will be used to scale the residual deviances of the generalized linear model before
assessing their significance against a chi-square distribution (McCullagh, P. and NeIder,
J.A.,1989, Generalized Linear Models, Chapman Hall, London, UK).

Reasons: The original protocol was not reviewed by a biometrician. Normal chi-square analysis
was not appropriate because (a) rat captures were over-dispersed (clustered), not independent,
and chi-square analysis could not correct for this non-independence, and (b) rat captures adjusted
for trap-nights could not be used as observed values because they were not integers, and their use
would have resulted in expected values being less than 5. Non-independence could have
resulted from factors such as rats living in pairs or family groups, rat nests being further apart
than traps, and/or rat favored habitat and therefore rat nests being clustered. The generalized
linear model used repeated measurements over time (the 12 pairs of pre-treatment values in wet
forest and three pairs of pre-treatment values in mesic forest) to estimate the dispersion
parameter.

Effect of Amendment: This amendment should not affect the outcome of the study.

Study Director:__CJ~~~_~--'- D.ate ~I z. SL0 3

QAOfficer:~
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Amendment No.5. VII. Methods. A. Procedure. 3. Census blocks.

Study Director:__G1~_·_~~ Date ~-I-1_2_S--"I-!_()...3!3~ _

Date
---~--+-~-------
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QAOfficer:~

Reasons: The time interval before baiting was not stated in the original protocol. The time
intervals after baiting were varied from the protocol to fit in with other rat monitoring activities
(e.g., live-trapping). When other monitoring 2 months after bait application showed that the rat
population had recovered to pre-treatment levels, a new application of bait was made about
1 week later, and therefore the 4-month post-application monitoring was not possible (or
necessary).

Nonnal chi-square analysis was not an appropriate method of analysis for the reasons given in
Amendment No.4 (above).

Effect of Amendment: This amendment should not affect the outcome of the study.

Items to be changed: 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 ...

.. .the proportion of census blocks gnawed on by rats pre- and post-treatment in the control and
treatment plots will be compared by Chi-square analysis.

Revision: 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 1-3 weeks before baiting, and at approximately 2 weeks, 2 months, and
when possible 4 months following each toxic baiting series...

. . .the proportion ofcensus blocks gnawed on by rats pre- and post-treatment in the control and
treatment plots will be compared by a generalized linear model (S-Plus for Windows, 2001,
Insightful Corporation, Seattle, Washington, USA), with the scaled residual deviances assessed
for significance against a chi-square distribution (McCullagh, P. and NeIder, J.A.,1989,
Generalized Linear Models, Chapman Hall, London, UK).



Effect of Amendment: This amendment should improve the outcome of the study.

Reasons: The number of radio transmitters that could be fitted to rats depended not only on the
number of transmitters available, but also on the trapping success in each study plot. In the wet
forest study plots, trapping success was very low and few rats could be fitted with transmitters.
In the mesic forest, trapping success was higher so it was opportunistic to fit additional rats with
transmitters.
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Amendment No.6. VII. Methods. A. Procedure. 4. Radio-telemetry.

Items to be changed: Before the initial bait application, 10 to 15 rats within each treatment plot
and 10 to15 rats within each control plot will be fitted with transmitters.

Revision: Before the initial bait application, up to 20 rats within each study plot will be fitted
with radio transmitters.
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Amendment No.7. VII. Methods. A. Procedure. 5. Kill-trapping.

Items to be changed: 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 density
pre- and post-treatment. Traps will be opened 3 weeks before toxic bait is applied, 2 weeks after
bait is applied, then at 2-month intervals after each hand broadcast toxic baiting series... Mouse
capture rates pre-and post-treatment in the control and treatment plots will be ... compared by
chi-square analysis.

Revision: In each 4-ha study plot, 42 mouse traps (2 traps at a location) will be placed at 10m
intervals along one transect line to estimate mouse density pre- and post-treatment. The traps
will be opened approximately 3 weeks before, and approximately 2 weeks and 2 months after
toxic bait is applied. If toxic bait is not reapplied after 2 months, traps will be opened at
approximately 2-month intervals. Trapping will be stopped if too few mice or too many non­
target birds are caught. Mouse capture rates pre-and post-treatment in the control and treatment
plots will be ... compared by generalized linear model analysis (see amendment no. 4).

Reasons: Additional mouse traps were available, so were used to increase the sampling effort.
The timing of trapping was made flexible to accommodate other monitoring activities and mouse
population levels. Trapping was stopped after July 2000 because too few mice and too many
non-target birds (non-native red-billed leiothrix and northern cardinals) were being caught.
Mouse capture rates could not be compared by chi-square analysis for the same reasons that rat
capture rates could not (see amendment no. 4).

Effect of Amendment: This amendment should not affect the outcome of the study.

Study Director:_--:g~~_Ck---l-__· --:Date__'i-+/_z._S+-/_O_3 _
{ I

QA Officer:~~""e....."-++--"",,,-=--=-__~__Date__--4.L~-I-/=-2--=5+-jO_3-==- _

Page 95 of 224



Amendment No.8. VII. Methods. A. Procedure. 6. Diphacinone baiting.

Item to be changed: One fish-flavored formulation (Ramik® Green, RACCO, Inc., Madison,
WI) of 0.005% diphacinone pellet bait (mean pellet size = 5.8 g) will be tested.

During the following one year period, hand broadcast toxic bait applications will be repeated in
the treatment plots every 2-3 months or when rat populations recover to pre-treatment levels,
whichever is the longer. A maximum of 5 series of toxic bait applications will be applied to each
treatment plot.

Revision: One fish-flavored formulation (Ramik® Green, RACCO, Inc., Madison, WI)
containing 0.0050/0 diphacinone (mean pellet size = 5.8 g) will be tested. The mean weight,
length, and width of at least one sample of bait will be measured after receipt. The mean
diphacinone concentration of at least one other sample ofbait will also be determined.

During the following 2-year period, hand-broadcast toxic bait applications will be repeated in the
treatment plots every 2-3 months or when rat populations recover to pre-treatment levels,
whichever is the longer. A maximum of 12 series of toxic bait applications will be applied to
each treatment plot over the 2-year period.

Reasons: (a) The weight, length, and width, and the mean diphacinone concentration of baits
were required to be assessed for quality assurance purposes.

(b) A I-year extension to the State EUP was granted to further study the effects of controlling rat
populations on seedling survival (part 3 of the amended study objectives).

Effect ofAmendment: This amendment should improve the outcome of the study.

Study Director:_O----L...;~_~___I'___ Date ~_"f-/-z.....;s--:,l-t-(;)_3 _
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Amendment No.9. VII. Methods. A. Procedure. 7. Bait disappearance rate.

Item to be changed: 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.

Revision: Immediately after each toxic bait application series, 20 locations (at least 25 m apart)
will be randomly selected in the first quarter of each 4-ha baited area, and the locations marked
with colored wire flags. One bait will be placed beside each wire flag. Each bait will be
examined at 1-3 day intervals for 14 days or until it is eaten or disintegrates.

Reasons: The protocol was amended to comply with SOP BRD-12 (Appendix 17). The number
and location of baits, and the frequency of examination, was amended to fit in with the human
resources available.

Effect of Amendment: This amendment should not affect the outcome of the study.
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Effect of Amendment: This amendment should not affect the outcome of the study.

Reasons: The timing of searches was varied to fit in with other monitoring activities (radio­
telemetry, live-trapping, etc). As a consequence, only one search was made within 4 weeks after
bait application, instead of one at 2 weeks and one at one month.

Amendment No. 10. VII. Methods. A. Procedure. 9. Non-target hazards (searching).

Item to be changed: 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.

Revision: Four transects (400 m long x 5 m wide and spaced 25 m apart;. 100/0 of each total
study plot) within each treatment and control plot will be walked to search for non-target
mortality up to 2 weeks before and 2-4 weeks after each bait application series.
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Amendment No. 11. VII. Methods. D. Experimental design and statistical analyses.

Item to be changed: Catch per unit effort, adjusted for sprung traps, percent census blocks
gnawed, percent radio-collared rats alive, seed l()ss, 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.

Revision: Catch per unit effort, adjusted for sprung traps, in the treatment and non-treatment
plots before and after bait application will be compared by generalized linear model. Percent
radio-collared rats alive and percent census blocks gnawed in the treatment and non-treatment
plots before and after bait application will be compared by chi-square analysis.

Reasons: Catch per unit effort, adjusted for sprung traps, could not be analyzed by chi-square
analysis (see amendment no. 4). Seed loss and predation on seedlings will be reported separately
(see amendment no. 1).

Effect of Amendment: This amendment should not affect the outcome.of the study.
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Effect of Amendment: This amendment should not affect the outcome of the study.

Amendment No. 12. VII. Methods. I. Analytical chemistry.

Item to be changed: 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.

Revision: Ramik® Green baits and animal tissues will be assayed for diphacinone by Genesis
Laboratories Inc. (Wellington, CO) or Landcare Research (Lincoln, New Zealand).

Reasons: (a) Animal tissues as well as baits needed to be analyzed. (b) The National Wildlife
Research Center was unable to do the analyses. The alternative laboratories, Genesis and
Landcare Research, are both GLP accredited. The final choice of laboratory was dictated by
cost-effectiveness.
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Amendment No. 13. VIII. Animal Care and Use. A. Test system.

Item to be changed: Mice live captured will be immediately released.

Revision: Mice captured alive will be immediately released or euthanazed using CO2•

Reasons: Some mice captured alive were required for analysis of diphacinone residues for
another study.

Effect of Amendment: This amendment should not affect the outcome of the study.
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Reasons: Some recovered animals were required to be analyzed for diphacinone residues.

Effect of Amendment: This amendment should not affect the outcome of the study.
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Amendment No. 14. VIII. Animal Care and Use. M. Disposition of animals.

Item to be changed: All recovered animals will be retained at USGSIBRD Pacific Island
Ecosystems Research Center's Kilauea Field Station or disposed ofby burial at the study site.

Revision: All recovered animals will be (a) retained at USGSIBRD Pacific Island Ecosystems
Research Center's Kilauea Field Station, (b) sent to a laboratory for analysis of diphacinone
residues, or (c) disposed ofby burial at the study site.



Study Director:_~-#l=-=_:....-~--+ Date__ca-+t"';;2,--S~/,--O.=3 _
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Reasons: Two I-year extensions to the State EUP were granted to further study the effects of
controlling rat populations on seedling survival (part 3 of the amended study objectives) (see
Appendix 2, amendment 1, and Appendix 4).

Effect of Amendment: This amendment should not affect the outcome of the study.

Proposed Experiment Termination Date:

Proposed Study Completion Date:

Dec 2002

Dec 2001

Oct 1999

Oct 1999

Oct 2001

July 2002

Date
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Proposed Study Completion Date:

Revision:

Proposed Experiment Start Date:

Proposed Experiment Termination Date:

Amendment No. 15. XII. Schedule.

Item to be changed:

Proposed Experiment Start Date:
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Appendix 3. Deviations to study protocol QA-02.

Deviation No.1. VII. Methods. A. Procedure. 2. Live-trapping.

Deviation No.2. VII. Methods. A. Procedure. 3. Census blocks.

Deviation No.3. VII. Methods. A. Procedure. 4. Radio-telemetry (nest locations).

Deviation No.4. VII. Methods. A. Procedure. 4. Radio-telemetry (method of analysis).

Deviation No.5. VII. Methods. A. Procedure. 5. Kill-trapping (days set).

Deviation No.6. VII. Methods. A. Procedure. 5. Kill-trapping (methods of analysis).

Deviation No.7. VII. Methods. A. Procedure. 7. Bait disappearance rate.

Deviation NO.8. VII. Methods. A. Procedure. 8. Environmental conditions.

Deviation No.9. VII. Methods. A. Procedure. 9. Non-target hazards (searches for dead non­
target species).

Deviation No. 10. VII. Methods. A. Procedure. 9. Non-target hazards (collection ofbirds).
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Deviation No.1. VII. Methods. A. Procedure. 2. Live-trapping.

Protocol deviated: All rats captured will be identified to species, sexed, aged, weighed, ear­
tagged and released.

Deviation: Not all rats captured were identified to species, sexed, weighed, or ear-tagged.

Reasons: Some rats escaped before they could be identified to species, sexed, weighed, or ear­
tagged.

Effect of Deviation: This deviation meant that some information about the species, sex, weight,
and capture status of individual rats was lost, but it did not affect the main outcome of the study.
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Deviation No.2. VII. Methods. A. Procedure. 3. Census blocks.

Reasons: The data from the treatmentplot before baiting were lost.
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Effect of Deviation: This deviation meant that some information about the species, sex, weight,
and capture status of individual rats was lost, but it did not affect the main outcome of the study.

Deviation: The proportion of census blocks gnawed on by rats pre- and post-treatment in the
control and treatment plots could not be compared for the 18 January bait application in the wet
forest.

Protocol deviated: Blocks will be placed on transects ... for 2 nights before baiting, and at 2
weeks, 2 months, and 4 months following each toxic baiting series to determine efficacy and rat
reinvasion rates ... 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 ...



Deviation No.3. VII. Methods. A. Procedure. 4. Radio-telemetry (nest locations).

Deviation: Nest material was not always identified, the nest size not always measured, nests not
always collected, and height of the nest in the tree not always determined.

Reasons: Some nests were too high and/or too difficult to get to.

Effect ofDeviation: This deviation did not affect the outcome of the study.
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Protocol deviated: 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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Reasons: Too few rats were captured and radio-tagged.

Effect of Deviation: This deviation did not affect the outcome of the study.

Deviation No.4. VII. Methods. A. Procedure. 4. Radio-telemetry (method of analysis).

Protocol deviated: For each forest type (mesic and wet), the proportion of radio-tagged rats
surviving in post-treatment will be compared by Chi-square analysis.

Deviation: The proportion of radio-tagged rats surviving after bait application in the wet forest
could not be compared by Chi-square analysis.
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Deviation No.5. VII. Methods. A. Procedure. 5. Kill-trapping (days set).

Reasons: Staff was not available for the second day.

Effect of Deviation: This deviation did not affect the outcome of the study.
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Protocol deviated: During each trapping session, traps will be baited with coconut chunks,
opened, and examined daily for captures for 2 days.

Deviation: In the June 2000 pre-treatment trapping session in the wet forest, traps were opened
for only 1 day.
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Effect of Deviation: This deviation did not affect the outcome of the study.

Deviation: Mouse capture rates could not be compared statistically.

Reasons: Too few mice were caught.
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Protocol deviated: Mouse capture rates pre- and post-treatment in the control and treatment plots
will be ... compared by chi-square analysis.

Deviation No.6. VII. Methods. A. Procedure. 5. Kill-trapping (methods of analysis).
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Deviation No.7. VII. Methods. A. Procedure. 7. Bait disappearance rate.

Protocol deviated: 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.

Deviation: Data on feeding by slugs, snails and other invertebrates was not always recorded.

Reasons: It was not always possible to distinguish accurately between feeding by rats, mice, and
different species of invertebrates.

Effect ofDeviation: This deviation did not affect the outcome of the study.
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Deviation No.8. VII. Methods. A. Procedure. 8. Environmental conditions.
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Effect of Deviation: This deviation did not affect the outcome of the study.

Deviation: Transects in the wet forest were not searched after the January 2001 bait application,
nor before or after the May, August, and December 2001 bait applications.

Reasons: Staff was not available (January 2001) and no non-target mortality had been found on
previous searches.

Deviation No.9. VII. Methods. A. Procedure. 9. Non-target hazards (searches for dead non­
target species).

Protocol deviated: 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...
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Effect of Deviation: This deviation did not affect the outcome of the study.

Deviation: Birds were collected for more than 6 weeks after the first bait application series.
Birds found dead in live-traps (for rats) or kill-traps (for mice) were also collected.

Deviation No. 10. VII. Methods. A~ Procedure. 9. Non-target hazards (collection ofbirds).

Protocol deviated: Birds will be collected using mist nets or shooting (kalij pheasant) in each
treatment plot 1-4 weeks after baiting.
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Reasons: The period of collection was extended to increase sample sizes, because too few birds
were caught within the original timeframe. With the resources available, it was possible to
purposefully collect samples only after the first bait application series, not after each bait
application series. Birds found dead in live-traps and kill-traps were also collected to increase
sample sizes.
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I JDISAPPROVEDI» APPROVED

} ..

lIE AND TiTlE OF STAlE OFFICIAL

Lance K. Kobashigawa, P~stic:ide

TITLE OF PERSON

• SIZE OF TRIALS (acres. sq. ft.. etc.)
10 a~re~

SPOSmoN:

:STRJCTIONS

• LOCA"tlON OFTR&AL(s) (AREA. TOWHORC1TY.F1El.DNO.• ANOlSUNO) Hawai.i Volcanoes Nationa.l Park, Kipuka Ki, Island of,-

for- the

1) All ~pplications shan be made by or under the direct supervision ofMr. Gerald D. Lindsey (H71592).
2) Applications shall ,be made in accordance with the attached study protocol entitled "Testing small mammal
toxicants and application methods in Hawaiian mesic and wet forests". 3) The Departrttent of Agriculture;,
Pesticides Branch Office in HilQ (ph. 974-4143) shall be notified ofthe initial application to allow inspectors an
opportunity to monitor the application. 4) AJI data must be gathered following procedures comparable to that of
subpart G - Protocol for and Conduct ofa Study, Part 160, Good Labor!1tory Practices Standard. 5) Adverse
effects resulting from this use shall be reported to the Department ofAgriculture immediately at (808) 973­
9401. 6) A report summarizing the results ofthis use shall be submitted to the Department ofAgriculture
within 6 months following the conclusion of this EUP. 7) All applicable restrictions appearing on the section 3

Jtainer) label shall be followed. QA-\:- f~2
I!:;(jJ .

-:-DURAnON OF EXPERIMENT· _

HAWAII OEPARTMENT OF AGRICULTURE EXPERIMt~fAruSE PERMIT APPLICATION-PESTICIOES

APPUCANT

L BRAND NAME (if any) Ramik Creen

;;~~P)TOBEmEA"TEQ.. Mesic Fores.t ~_k.oa/ohia/soa_":1. STAGE ClF-GRQWlH OF COMMODITY -N/A

• PESTe;,) . j~~t .. (Rattus"" ~:pp ~)

:. ACTIVE INGREDIENTS (by chemic:al..-)

• NAME OF APPLICANT Gerald D. LindsE".y b.CCMPNlYNR.E&ADORESS

~~~~~~--------------------------------------,USGS-Biological Resources Division
:. 'TlT1_~OFAPPLICANT l.,ildlife Biologist Pacific: Island Ecosystems Research

808 967 7396 232 Kila1.'.ea ~ield Station, P.O. Box 44-J.. ..PHoNE -: - ext •• _ _. _ . _ • _

I. DESCRIPTlON OF EXPERIMENT (Submi~ Copy of Experimental Protocol)

NAME OF PERSQN Ceral d .i>.: "L.) ..nds·ey b.-COMPANY HN.E-& .eDoRESS . • ..
--------.,..,...------"----..,;.;..------~--------.:'__t .' USGS"';Bici1ogi:cal. "R~sOurceS DJ..V::Lsi.on

Wildl.ife ~i.ologi5t _ Pacific Island Ecosystems Research
Kilauea Fie~d'St:atipnt"P~o. Bo~ 44

. N '0 al._ Park HI 6 18



c: GSahara, Enforcement - Hilo

[glindsey)

LETrrlA UYEHARA
Deputy to the Chairperson

Mailing Address:
p.o. Box 22159
Honokdu.Hawail96823-2159

FAX: (808J 973-9418

JAMES J. NAKATANI
Chairperson. Board of Agricu"ure

State of Hawaii
DEPARTMENt OF AGRICULTIJRE

Pesticides Branch
1481 South King Sireet, Suite 431

Honotutu. Hawaii 96814

March 9, 2000

Gerald D. Lindsey, Wildlife Biologist
U.S.~~~ $1,1tVey
P~ific JSt~d.~~ste~ Research Center
Xilau¢a'Fi~ldS~tiop

P. o. Box 44~ Building 344
Hawaii National Park, In 96718

Dear Gerald:

SUBJECT: State EUP Numbers EUP-99-01 and EUP-99-D2; Your March 7,2000
Letter Requesting for a 1-Year Extension
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Ycur request to amend the emrent expiration date ofDecember 31, 2000 to December 31, 2001
is hereby approved. Copies ofthe amended certificates are enclosed. for your files.

Should you have any questions, please contact me at (808) 973-9415.

Sincerely,

~·It:~r
.Lance~ Kobashigavia \
Pesti.~ide S,pecialist

BeNJAMIN J. CAYETANO
Go'e'erna
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tJtJl

Center

ot1um wet

EXPlRAT10NDATE December 31,~

L METHOD OF APPLICATION
~GROUND I JAERIAL I JOTHER (speat)')

EUP-99-01

APPUCM'T

DURATION OF EXPERIMENT

PERSON SUPERVISING TRIAL

STATE EUP NO.

N/A

t }DtSloPPRcNEO

~POSrT1OHOf TREATED COMMODITY

~oPE$T(.) Rat: R~t:tus s~~.) .
II.DOSAGERATE(:s)(Ia.lldiwpwllnit_

J
O.907g to 2.7?-g

. 0% to 0.096 ozlacre)

•• S~AR'TINGD-.n Jul 1999

-4•.

5. TYPE OF DATA SOUGHT Percent reduction
forest for the. protection of endemic

7.

I
I 1

tI.TE~808-967-7396 / •. CATEGORY10cERToNO. 'r l~·~\,.oo""
ext 232 H71592 ~

c. TITlE Of' PERSON

r.SIGNATUREOFPERSCN ~ JD ~ . .

. . :fFORSTATEUS~ONLY

RESlRlCTlONS

1) All applications shall be made by or under the direct supervision ofMr. Gerald D. Lindsey (H71592).
2) Application~shall be made in accordance with the attached study protocol entitled "Testing small mammal
toxicants and application methods in Hawaiian mesic and ~et forests". 3) The Department ofAgriculture,
Pesticides Branch Office in Hilo (974-4143) shall be notified of the initial application to allow inspectors an
opportunity to monitor the application. 4) AIl data must be gathered ronowing procedures comparable to that of .
subpart G - Protocol for and Conduct ofa Study, Part 160, Good Laboratory Practices Standard. 5) Adverse
effects resulting from this use shall be reported to the Department ofAgricuItur~ immediately at (808) 973-
1l401. 6) A. report summarizing the results of this use shall be submitted to the Department of Agriculture
./ithin 6 months following the conclusion ofthis EUP. 7) All applicable restrictions appearing on the section J

(container) label shall be fo~lowed.
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R..... ,~:; . ->t:- . 'C' ;, ...... \......... ~

HAWAII DEPARTMENT OF .....;JRICULTURE EXPERIMENTAL USE t ~:~-tMIT APPLICATION-PESTICIDES

b. SaE OF TRIALS (aQM. SCI- ...Me.) c. NlIMBER OF TRIALS ~ II. NUMBER OF REPUCATlONS
o acres On.e 0

_a._NAME__OF_PE_RS_CN__":":G:.":'e";'r-=::a,="l,,,:"d~D_.~L_in_ds_erY~ -f 1:ttfSt!~tm4fflFtESiesourcesDivision
Wildlife Biologist Pacif~c Island Ecosystems Research

Kilauea Field Station, P.O. Box 44
Hawaii National Park, HI 96718

I 'OMEo¥""'~T Gerald D. Lindsey Ia.c~~~~DaEs~ ~ D. . • .
• • 'F - J.O 'Jg1c3_ - esources J.V~s:J.on

I C. rmE OF APPl.1CNfT Wildlife Biologist Pacific Island Ecosyst~ms Research Cent
I P.o. Box 44
I d.TELEPH~ 808-967-1396 ext 232 'R~y."",;; lJ.. +o .. ,...., .. 1 'P ........". 'AT QI;71H

2. PEsnCIDE

ia. BRAND NNJ£ ("My) Ramik Green b. EPA Regislralioft Number or DIher I.D. Numt- 2393-498

c. ,..cTIVE INGREOlEHTS (by d'aemic=al name) • h . II. UCEHSED IN HAWAII?
D:Lp aCJ.none OQ YES I J N9

! a.lOCATIONCFTRI.AL(s) cARu.. TOWN OR C1TY.F1ElDNO~ANOlSl.ANO)Hawaii VolciO:Does National Park, Olaa Forest: Reserv
. Koa .Unit, Island of Hawaii.

I3. DESCRIPTtoN OF EXPERIMENT (Submit Copy of Experimental Protocol)

w.EAND TIllE OF STAle OFFlCIAl SIGNATU'1 1/ 1_ I
..ance K. Kobashigawa, ,festicide Specialis d'tIttAA. ~~~



DATE

S/fJ5/99

d. NUMBER OF RE.PUCAT1ONS 0

g.DATE ¥,2.0~ JP9)

~oo
EXPnUl.TIONOATEDecember 31,'~

b. COMPPHY NAME & ADDRESS
USGS-Biological Resources Division
Pacific Island Ecosystems Research Center
Kilauea Field Station, P.o. Box 44.. .. -- - - - ----

b. EPA Revbtralion Number or other I.D. Number 2393-498

d. LICENSED IN HAWN17
00 YES (INO

L METHOD OF~T1ON
GAOUND (J AERIAL I JCJTHeR (specifj)

one

EUP-99-02

APPLICANT

per acre

PERSON SUPERVISING TRIAL

Co NlNBER OF:rRW.S

Diphacinone

DESCRIPTION OF EXPERIMENT (Submit Copy of Experimental Protocol)

808-967-7396 ext 232

IJQ IPPROVED

1.

; :e OF APPUC.AHT -Gerald D. Lindsey

c.1TT\.EOF.APPl1CAHT l-!ildlife Biologist

d. TELEPHONE

2.

a. eRAND NAME (ir-» Ramik Green

CO ACTIVE INGREDIENTS (II)' chMnir::al nam-)

3.

,. PEST(s) Ra t (Ita t tus spp.)

... DURAnoN OF EXPERIMENT

••LOCAT1ONOF~(s)(AREA, TOVVN OR art. FIELD NO_ANOlSlNq Hawaii Vol~anoe~ Nationa.l Park, Kipuka Ki, Is~and 0

'.

~, _. , Ll'::>('.1'\'~i. ; ..... ""
~'w* .

HAWAII DEPARTMENT OF ...~RICULTURE EXPERIMENTAL USE ~ .·hlMIT APPLICATION-PESTICIDES

1)/ All appli~tions shall be made by or under the direct supervision ofMr. Gerald D. Lindsey (H71S92).
2) Applications'shall be made in accordance with the attached study protocol enti~led "Testing sman mammal
toxicants and application methods in Hawaiian mesic and wet forests". 3) The Department ofAgriculture;»
Pesticides Branch Office in Hilo (ph. 974-4143) shalJ be notified oftbe initial application to allow inspectors an
opportunity 10 monitor the -application. 4) All data must be gathered following procedures comparable to that of
subpart G - Protocol for and Conduct ofa Study, Part 160, Good La.boratory Practices Standard. S) Adverse
effects resulting from this· use shall be reported to the Department ofAgriculture immediately at (808) 973-
'401. 6) A report summarizing the results ofthis use shall be submitted to the Department of Agriculture

within 6 months fonowing th~ conclusion of this EUP. 7) AU applic~ble restri~tions appearing on the section 3
(container) label shall be followed. QlA=O.2

7.

a. STARTING DATE July 1999 I b. CCMPlET10N DATE Dec~· 2000

5. TYPE OF DATA SOUGHT Percent reduction (control) of rat popu1ation in mesic foreEt for the
...... \ orotectioll of endemi.c \o:i1dlife and plants- • :i;;:',:::.:::..===::.:=-=::.::......:::::.:.:::.:::::::=.::.-.:.:..~ --=:..- _

s. u,SPOSmoN OF TREATED COMMODITY NtA

c. TITLE OF PERSON

a.NAMf~PERSON Gerald D. Lin~sey at.COJFNlYHAA£6.NXlRESS
--------~~--------~-------------------__;USGS-Biological Resources Division

Wildlife Biologist Pacific Island Ecosystems Research 'Center
Ki1auea Field Station, P~O. Box 44

. n Park 6 8

OtSPOSlTlON:

RESTRICTIONS

Page 119 of 224

NM.E AND TITLE OF STATE OFFlCIA1. SIGNATURE}./ /_ /

l~nce K. Kobashigawa» Pesticide Spe • tr~ ~ k~~
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Hawaii Departm"ent ofAgriculture
Pesticides Branch

1481 S. King Street, Rm. 431
Honolulu, In 968]4

Phone: (808) 973-9415
FAX (808) 973-9418

To: David Foote, Ph.D. Fax: (808) 967-7153
Ecologist

From: Lance Kobashigawa
~

Date: 41212002

Pesticide Specialist

Re: EUP-99-01 and EUP-99-02 Pages: 3 (lncluding cover)

CC: (Click here and type Dame]

DU~ o ForReview [] Please Comment D Please Reply X For YOW" Inform3tion

Hard copy to fonow n mail.
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Date

A Til 2, 2002

LXJ Yes [ J No

&piraIioft Dalle •
Deceaber 31 2002

b.~anyN:lrr.-lInd AddN&a

uses - BRD - ~lauea Field Stat~oB

P. O. Box (,4
Hawaiian National Park, HI 96718
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FOR~ATEUSE ONLY

PERSON SUPERVISING TRIALS

. DURATJOH OF EXPERIMENT 1 - ... ;'0 0 .~ ... .- :~~.;~:::~.

State EUP No.
EUP-99-01

~..;i~ (c-ot'"l't'rot) o-f .-_+ f"C'ru.·l,Q.h.~ Ira OhM;4..I+rcc,~. We....

e;.-,~,c:. ""'&l~I~ .... pl_._-+:...

,.*. TIlls EUP"is anextcnsion ofEUP-99-01 - This extension does not pennit treatment of~'~
acreages. Total ac~age treated over the entirety ofthis EUP shall not exceed 10 acres.***

J.. FuNo. '''718
~oS'- 'ih7-1153

~'. 0., ~ • 01 LvUl ~ "~' J ~
i. NtIthod ofAppic::allon ; '. V-I .. .. . i

1) All applicati~nsshall be made under the direct supervision ofCharlotte Forbes pc:ny (H71715). 2) All
applications shall be made in accordance with the original experimental protocol entitled "Testing small
(mammal toxicants and application methods in Hawaiian mesic and wet forestsn

• 3) All data must be gathered
following procedures comparable10 that ofsubpart G - Protocol for and Conduct ofa Study, Part 160, Good
Laboratory Practices S1andard. 4} Any adverse effects resulting from this use shall be reported to the
Department ofAgriculture immediately (808) 973-9401 (Honolulu) or (808) 974-4143 (Hilo). 5) A report
summari~ing1his use shall be submitted to the Department of Agriculture 'Nithin six (6) months follo.wing the
expirati~n oftbe EUP. 6) All applicable restrictions appearing on the section 3 (container) label shall be
followed.

~ame & Title of stale OffICial

Lance Kobashigawa. Pesticide Specialist

RESTRIC'TIOHS
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2002

l ) Nod. Is Prvdud·~ In H:IwaIi7 lXJ Yes

b.. Cclmpany .......,..~

"\.LSc:jS - 61<.D- K.&lcu.~ne.kl..s~-h~
"P-O. Bo~ IJ-+ .
Ha..VVAM Na.t16'naJ Pa.yk.., ~ i c:r ,--, I 8'
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PESTICIDE·

. APPUCANT

~TATEUSE ONLY

PERSON SUPERVIStNG TRIALS

NIl'-

. HAWAn DEPARTMENT OF AGRICULTURE EXPERIMENTAL USE PERMIT APPLlCA110N _ PESnCJDES

.*. lhis EUP is an extension ofEUP-99-02 - This extension does not pennit treatment of"neW'
-" acreages. Total acreage treated over the entirety oftbis EUP shall not exceed 10 acres.*••

l),All applications shall be made under the direct supervision ofCharlotte Forbes Peny (H71715). 2) AJI
applications shall be made in accordance with the original experimental protocol entitled "Testing small
mammal toxicants and application methods in Hawaiian mesic and wet forests". '3) All data must be gathered
following procedures comparable to that ofsubpart G - Protocol for and Conduct ofa Study. Part 160, Good
Laboratory Practices Standard. 4) Any adverse effects resulting from this use shall be r:eported to the
Department ofAgriculture immediately (808) 973-9401 (Honolulu) or (808) 974-4143 (Hilo). 5) A report
summarizing this use shall be submitted to the Department of"Agriculture within· six (6) months following the
expiration oftbe EUP. 6) All applicable restrictions appearing on the section 3 (container) label shall be
followed:

b.C~yName and Addr.ess .
~=tft:~~;~~-------------J l{$cqS- '13~D -K:.la.UUL. hGIA Sh:cl1o~

P.o. 80x ~4-

Hct.U)ut tJa..h u...,~ Pc::u.k, tHo c:U~? la

6. DISPOSITION OFTREATED.COI8IOIJITY:

DispositiOn:
In~d I J DIsappnnPed .

RESTRICTIONS

Name ll. Tille of Siale Official

Lance Koba~b1gawa. Pesticide Specialist



Appendix S. Concurrence letter from U.S. National Park Service.

United States Department of the Interior
NATIONAL PARK SERVICE

Hawaii Volcanoes National Park
P. O. Box 52 .

Hawai -i 96718-0052
808/985-6000

808/961-1186 (FAX)

Dr. Gerald Lindsey
U.S. Geological SurveylBiological Resources Division
P.o. Box. 44
Hawai"i Nationalp~ Hawai"j 96118

Hawai'j Volcanoes National Park's inlerest in nlanagenlent uses of Ramik Green is shown by its strong
support of the current research effort by tbe Biological Resources Division ofUSGS (BRD). I prepared an
Environn1ental Assessment (EA) for the current research prograln. A Finding ofNo Significant Imp~ctwas
signed by the Regional Djr~tor. The Park sponsored a proposal.to fund research on Ramik Green in the Park

ll

and is cooperating with other investigators on studies on non-target organisms. Research by the Biological
Resources Division ofUSGS began in the Park in October, 1999. in il rain forest site and early this year in a
mesic forest site. Since then the Park has allocated funding frool the fees revenues to test pesticide· residues
in non-target organisms.

The National Park Service, Hawafi Volcanoes National Park, strongly supports research on Ramik Green
pelletized pesticide in the national parle, and, jf registration is achieved, application i,Uld use of this pesticide
in management programs. Rats are a serious threat to the survival of threatened and endangered plants and
animals and are probably significant nlodifiers of native communities. CWTently registerCd control
technology with bait stations is prohibitively labor intensive ·and not suitable for application in remote sites.
We anticipate that aerially broadcast·pellets of Ramik Green will result in significant recovery ofmany native
plant and animal species and help recover threatened and endangered species. The National Park ServiCe,
along with other conservation agenci~s in Hawai" i, have long identified aerial broadcast toxicants as an
important,. needed management tool. I estimate that an effective broadcast bait would be used in over 6,000
acres of the Park, once registration is achieved.

: L7617(HAVOl

e March 16., 2000

e
e
e
ee Deat pro Lindsey:
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e Sincerely,e j

V~~
e Tim Tunison
_ ChiefofReSour~esManagement

e
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Dear"Gerald,

April ] 4. 2000
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New Zealand's conservation programs, using ~erial broadcast rodenticides to reduce avian predators and
eliminate native plant herbivory by alien spec:;ies, have been very successful. Conservation agencies in
Hawaii need an efficient, low cost means of rat control to help save native species and protect the
resources we are mandated to. protect. Aerial broadcast of rodenticides will add an effective resource ­
management tool. Of course, the nee4 for tesiing aerial broadcasi bait; its efficacy and its effects on non­
target species is important before full scale applications can be considered. The Big Island National
Wildlife Refuge Comp-I~x fully ~upports the ongoing stud-ies oil Ramik Green by HVNP and USGS-BRD
and once ~gistcatjonor"the aerial broadcast rQdenticides is achieved, supports the use in management
programs.

The Big Island National Wildlife Refuge Complex. Hakalau Forest National Wildlife Refuge, is
comprised oftwo units, the Hakaiau Forest Unit and the Kana Forest Unit, totaling over 38,000 acres.
This refuge was establish~to protect, preserve and enhance endangered forest bjrd~ plants and their
native forest habitat. Three species of introduced rats arc found at the refuge. They are a serious threat -to
endemic flora and fauna and Jnay also contribute significantly to the modification and reduction oftheir
habitat. Hakalau Forest NWR is home to at least~ endangered species. Over the past S years, field
biologists and researchers at Hakalau Forest NWR have shown that rat predation is one the main causes
ofnest failure for native forest birds. Rats also cause liuit and seed berbivoJY and mortality on
endangered plants found at the refug~. ltesearcb at the refuge by USGS-BRD has shown that rat _control,
using rodenticides in bait stations, wiJllessen or aJJevi~tethese problems. Currently, the refuge deploys
bait stations selectively to protect vulnerable. endangea-ed plants during fruiting. If registration can be
achieved and funding approved, the estimated use of aerial broadcast ofrodenticides oat the refuge would
be approximately 7,500 acres. The cost of using the bait station methodology over an area this large in
both man hours and doilars- is prohibitive, and because ofthis, funding has yet to be targeted for rat
control.

Dr. Gerald Lindsey
US Geological SurveylBiological Resources Division
Kilauea Field Station
P.o. Box 44
Hawaii National Park, Hawaii 96718

United States Department of the Interior

FISH AND~DLIFESERVICE
HAKALAU. FOREST NATIONAL WILDLIFE REFUGE

32 K~noole Street. Suile 10J
Hilo. Hawaii 96720

Si~CV~
Richard C Wass .
Refuge Manager

Appendix 6. Concurrence letter from U.S. Fish and Wildlife Service.
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AQlJlQIl.~DEYEl.Df'MiHT

P'flOGNlM
~nc:fIESCJUAC:;O

~1WG"""~~TIOH
COMSIERVA'1lONNfO

~Al."","AIR:S
C:ONliSW'iTIDNNtD

I'bOUACEs ENR:lAteMEIfT
CDNEYNICS
FOIlESTR'I",,*»~

HIS1OflICPAEse;IN'A1lCIN
1.N4D~

nATEpjUtI(S

WATERNfO\NClOE¥ElJ::lf'Merr
-"f&IJlIESCIURCE~

nMOT"Y E. ,JOHNS
CHNRPE"SOH

8OARO OF~~ HA.TUfW" NESOURCES

.JANET E. KA~LO
DEPUTY

Gerald D. Lindsey
U.S. Geological Survey
Biological Resources Division
Kilauea Field Station
P.O. &x 44
Hawaii NatiooaJ Parle, III 96718

17 Ap~1000

STATE OF HAWAII
DEPARTMENT OF LAND AND NAnJRAL RESOURCES

DIVISION OF FORESTRYAAOWILDlFE

1151 PUNCHBOWlSTREET

HONOLULU. HAWAII 96813

~
Michael G. Buck
Administrator

"Ibis JeUeI" is in support of'your application to receive aD experimental use pennit to test
aerial applkatiou ofdipbaciDoDe bait in Hawaiian forests for rat control. As you .bow;. the
onslaught of invasive alien species is the prc-eminent coascna6oo problem ill Hawaii. orthe
200-SOO estimated alien species that are serious disruptors ofDative Hawaiian~ 3lDoug
1hc most pervasive aDd damaging for a host ofDative species are the thn::e species ofrat. One or
another- ofthese species occupies Virtually an Dative habitats Within~ stall; often at high .
popuIatiOD deDsities. 'Their documented impacts include girdling ofnative trees and sbrub~

cessatioD ofeadangercd plant J"CCIUitment by comPlete COASUIDptiou ofseed productic:Jll, predatioo
on CDdangesai tree saaiJs, aud predation on Dative bird ew and nestlings. In many i.n5tances, rat
predation bas been documented to be among the most importaDl factors leading to populatiOD
dec1iDes in a diversity ofendangered~e species. .

GiveJa that our Department maoageso~ 800,000 acres ofland across the state, including
over ) 00,000 acres ofuatUJal .-ea reserves preserved fur their unique natuRl resouJCeS.. it is
obvious, that~ control via bait stations is impossible for any but the smallest management units.
1D order to recover our many endangered species and protect our forests &om 1Urtber rat damage,
the aced is great for a registration 10 aerially apply rat toxicants in Hawaii. To that end, we view
fOUl' continued research on rat toxicant efficacy, and receipt ofan experimental use permit, as a
critical component in achieving this.registration to meet OW' management needs. You have our
continued support and gratiNde for your efforts on behalfofthis goal.

8EH.lJ.M1H <I.CAm~
GOYlftltOl'l OF HAWN

Appendix 7. Concurrence letter from State of Hawaii Division of Forestry and Wildlife.
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Appendix 8.

The Nature)"
Conservallcv
of Hawai'i :~

he Nature

onser"ancy

fHawai'j

";i1nUI\'l!(,l1l1~

idiot",..i·; 96~17

lIJlli" I~O:H S37·450!i

'.:si",ik i808) >45·201'1

:Janl ofTruslees

Trl"Y N. \\alc!n:!be.

Chair~1131~

Haunalli Apnlim·.a

'Ur~ R. Ari~.,shi

ler I). Baldwin

do.: yi. Rrow"Il..It.

,n E:Carfl!1I
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Concurrence letter from The Nat~re Conse.rvancy.ofHawaii.

16 March 2000

Gerald D. Lindsey
U.S. Geological Survey
Biological Resour~esDivision
Kilauea Field Station
P.O.Box44
Hawaii National Park, HI 96718

Dear Gerald,

The Nature Conservancy ofHawaii (TNCH) manages ten preserves,
encompassing over 25,000 acres, in the Hawaiian Islands. Through partnerships
with federal and state government agencies and private landowners, TNCH also
assists with management ofother natural areas in the state. As land managers,
TNCH is acutely aware of the problems posed by rats. None of the 3 species of
rats (black, Polynesian, and Norway) is native to Hawaii. Rats eat the "
increasingly rare native snails as well as native birds, their eggs and chicks. Rats
also eat flowers, fruits and seedlings ofvarious native plants. They are also likely
predafors on native arthropods. TNCH staff from all islands have reported
observations ofrat damage to native organisms.

Currently TNCH deploys rat bait selectively to protect certain native' plants,
and animals. However, bait must be placed in boxes that must be" checked and
refilled r~gularly. Many ofthe remaining natural areas in Hawaii are located in
.steep terrain, accessible only l>y hC?licopter at great expeJ:}se. Deploying and
checking t,ait boxes in these thickly vegetatf;d remote areas is not cost-effective.
Yet this is where many ofHawaii's remaining native species live. A low-cost
and effective rat bait delivery system for these areas is cruciaL .

TNCH recognizes the need for thorough testing and study of aerial rat baiting.
Questions about the efficacy ofaerial bait broadcast and potential secondary or
non-target effects must be addressed. The proposed study by the USGS­
Biological Resources Division is an important step in detennining the
appropriateness of this technique. Although TNCH would consider aerial
application'ofrat bait, were it to be approved, the use would be contingent on
approval fi:om the communities and partner.s with whom we work. Such a
decision would also be based on specific threat and resource conditions within
each preserve area. Scientific data from a study such as this is important for
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making reasonable decisions about rat control in natural areas. The Nature
Conservancy ofHawaii strongly s1,lpports this research and looks forward to the
.results ofthis pt:oject.

Sincerely,

Coleen Cory, Ph.D.
SteWardship· Ecologist

.-The Nature Conservancy ofHawaii
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United States Department ofthe Interior

FISH AND WILDLIFE SERVICE
Pacific Islands Ecoregion

300 Ala Moana Boulevard, Room 3-122
Box 50088

Honolulu, Hawaii 96850

Biological Opinion (Log Number 1-2-99-F-03)

Section 7 Consultation on Experimental Use of Diphacinone Pellets in Hawaii
Volcanoes National Park. .

Tim Tunison, Hawaii Volcanoes National Park Volcano, Hawaii

Robert P. Smith, Pacific Islands Manager, U.S. Fish and Wildlife Service,
Honolulu, Hawaii

This represents the biological opinion ofthe U.S. Fish and Wildlife Service (Service) in accordance
with section 7 ofthe Endangered Species Act of1973 (16 U.S.C. 1531-1544; Stat. 884) as amended,
(Act) regarding potential impacts to the endangeredHawaiianhawk or10 (Buteo solitarius) from use
of diphacinone pellets in Hawaii Volcanoes National Park (HAVO). Hawaii Volcanoes National
Park is proposing to test hand-broadcasting of diphacinone pellets (Ramik Green), a multiple­
feeding, anticoagulant rodenticide, for control ofrats inwet forests ofthe Park. The test would take
place in a lO-acre experimental plot in Kipuka K.i and another lO-acre plot in Olaa Forest. This
research could lead to registration of diphacinone pellets for rat control in G,onservation areas of
Hawaii. Currently, the anticoagulant diphacinone in pellet form is registered for use in residential
areas in Hawaii, but not for use in conservation areas. The research will be conducted by Gerald
Lindsey and David Foote, both of the U.S. Geological Survey (USGS), Biological Resources
Division (BRD).

This biological opinion is based upon: 1) the Biological Evaluation Form and letter requesting
consultation, received by us on May 19, 1999, dated May 17, 1999; 2) information provided in the
Service's Hawaiian Hawk Recovery Plan; 3) other biological literature (see References at the end
ofthe document); and, 4).information contained in our files. Our log number for this consultation
is 1-2-99-F-03. Copies ofpertinentmaterials and documentation aremaintained in an adnrinistrative
record in the Service's office in Honolulu, Hawaii.
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Appendix 9. Biological opinion from U.S. Fish and Wildlife Service.

There has been no prior consultation for this specific project. However, the following two recent,
related projects did require formal consultation due to the possibility of their effect on 10:

Ref:

Subject:

From:

To:
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HAVO requested Section 7 consultationto conduct testing ofbrodifacoum, a single-feeding,
anticoagulant ~odenticide, for control ofrats in two 4-ha study areas within the Park's Koa
Unit ofOlaa, Island ofHawaii. Itwas the opinion ofthe Service that the proposed study was
not likely to jeopardize the continued existence of the 10.

(2) Biological Opinion (Log Number 1-2-94-F-04)
Kamehameha Schools Bishop Estate (KSBE) and the National Biological Survey requested
a Service opinion for a proposed study to evaluate the mortality and fate of rats poisoned
with Eaton's All-WeatherBait Blocks rodenticide in the KSBE's Keahou Ranch and Kilauea
Forest lands on the Island ofHawaii. It was the opinion of the Service that the proposed
study was not likely to jeopardize the continued existence of the Hawaiian hawk.

BIOLOGICAL OPINION
Description of the Proposed Action

Rats are considered one of the primary factors responsible for the decline of Hawaiian endemic
forest birds and snails. Rats and mice are also thought to have limiting impacts on some species of
rare plants and invertebrates in Hawaii. The Service is, therefore, strongly supportive ofefforts to
control rodents in forested areas ofHawaii. The study proposes to determine the mortality and fate
of rats following placement of diphacinone pellets, and will be very useful in evaluating future
registrations ofthis product as well as in developing proper protocols for further use ofrodenticides
in Hawaii's forested areas in order to minimize the potential for ~econdarypoisoning ofnon-target
species.

BRD proposes to test the efficacy of pelletized diphacinone baits to control rats. A rat toxicant
Ramik green bait (0.0050/0 diphacinone), will be applied to a 1O-acre plot in Kipuka Ki and a 10-acre
plot in Olaa forest. Untreated control plots will be established nearby in Olaa forest and Kipuka
Puaulu. The 3/4 inch long pellets will be hand-broadcast up to four times per year during the first
year of the two year study. Bait application may continue in a second year focusing on non-target
effects. BRD researcher Gerald Lindsey will test the toxicant's efficacy and the fate ofpoisoned
rats. BRD researchers David Foote and LindaPratt will evaluate effects on invertebrates and plants.

Biology and Population Status ofthe Species

The action area is occupied by the endangered 10, Hawaiian hoary bat (Lasiurus c~ereus semotus),
.aJ:1d Ou (Psittirostra psittacea), as well as three endangered plant taxa, the Oha wai (Clermontia
peleana), the Anunu (Sicyos alba), and the Haiwale (Cyrtandra giffardii). Plant species ofconcern
also present in the area include, the Aku (Cyanea tritomantha), Phyllostegia foribunda, Stenogyne
macrantha, Stenogyne schrophulariodes, and Schiedea diffusa. The only federally listed species in
the action area that may be adversely affected by diphacinone is the 10.

Unless otherwise referenced, the following information on the status and habitat requirements ofthe
10 is taken from the Service's Recovery Plan for the Hawaiian Hawk dated May 9, 1984, the
Hawaiian hawk population survey report dated July 2, 1994, prepared by the Western Foundation
ofVertebrate Zoology, and the Demographic Studies and Population Surveys ofthe Hawaiian Hawk
1998 Annual Report written by Klavitter and Marzluff.

2
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1960's because of its apparently low abundance island-wide. However, in the mid-1980's the
population appeared to be stable and was estimated to number between 1400 and 2500 birds (Griffin
1985). A more recent studyby Morrison et ale (1994) estimated a density of0.004 hawks perhectare
across the island and a total of1600 birds (1120 adults; 560 pairs). The most recent study estimates
a population of 1,233 individual adult and young adult birds based on detailed spot maps and
extrapolated to entire known range (Klavitter & Marzluff 1998). 10 are known to feed on black rats
(Rattus rattus), Polynesian rats (Rattus exulans), andNorway rats (Rattus norvegicus), as well as the
house mouse (Mus musculus) and native and exotic birds.

Environmental Baseline

The environmental baseline describes the status ofthe species and factors affecting the environment
ofthe species or critical habitat in the proposed action area contemporaneous with the consultation
in process. The baseline includes State, local, and private actions that affect a species at the time the
consultation begins. Unrelated Federal actions that have already undergone formal or informal
consultation are also apart ofthe environmental baseline. Federal actions within the action area that
may benefit listed species or critical habitat are also included in the environmental baseline.

Recent Past and Ongoing Studies in HVNP Which May AffectlHave Mfected 10:

1. From approximately 1980-1983, Kurt Griffin conducted reproductive biology and ecology
studies of10, which involved close nest monitoring, nest tree surveys, and tracking ofadults
by radiotelemetry in HAVO.

2. Darcy Hu of HAVO began an ongoing study in October 1995 testing the effects of
diphacinone rodenticide (in the fono ofEaton's All-Weather Blocks) on rat and mongoose
control in brooding and nesting areas ofnene. The tests take place in several areas ofHAVO
including Ainahou, Kipuka Nene, Kilauea summit area, and coastline at the end ofChain of
Craters Road. Negative effects on 10 have not been observed.

3. In June of 1997, a pair of10 were translocated by Service biologists from the Kona side of
the island to the HAVO for a behavior observation study. The pair eventually returned to
the Kona area within a period of one month.

4. From September 1998 through December 1999, Gerald Lindsey ofBRD conducted a study
testing the effects ofbroclifacoum, a single-feeding, anticoagulant rodenticide~for rat control
in the Olaa Forest ofthe HAVO.

5. From approximately November 1998 through February 1999, DarcyHu ofHAVO conducted
an EastRift (within HAVO) fence construction survey using auditory playback oflo calls
to ensure that actual fence construction would not disrupt any active nests on/near the
proposed fenceline. .

6. John Klavitter with the University of Washington has been studying 10 within the HAVO
since the summer of 1998. His research involves monitoring mating pairs of 10, nest
monitoring, and tracking individuals with transmitters. His research is not oelieved to

3
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adults may be found within the Olaa Forest, and 2 to 3 adults may be found in Kipuka :K.i
at any given time (personal communication 1999), which represents only about 130/0 ofthe
lrnown population within either of those areas. .

Effects ofAction on Listed Species
10 may be exposed to diphacinone by ingesting dying or dead rats or mice, which have eaten
diphacinone. Laboratory tests indicate potential secondary poisoning hazards to raptors from
poisoned prey species. Although no tests have been conducted on 10 directly, tests have been
conducted onNorth Americanraptors to determine efficacy ofsecondarypoisoning by diphacinone.
A 1980 studyreported great-homed owls (Bubo virginianus) and saw-whet owls (Aegolius acadicus)
succumbed when fed mice that died after feeding on 0.005% diphacinone-Iaced grain bait
(Mendenhall et ale 1980). In another study, it was concluded that secondary poisoning ofnon-target
species in Hawaii was unlikely. In this case, researchers found that residues ofdiphacinone in rats
fed 0.000250/0 bait as their sole food source until death averaged 0.33 ppm in tissue samples, far less
than the diphacinone concentration fed to raptors in other tests that did not cause toxicosis. It was
suggested that under field conditions the availability of foods would reduce the possibility of
consumption of contaminated prey (Keith et al. 1990).

In a 1994 study, Lindsey and Mosher assessed the secondary hazard potential of diphacinone to
raptors, particularly the endangered 10 and the short-eared owl or Pueo (Asio flammeus
sandwichensis), within forested areas. Their study results suggest hazards to avian predators from
baiting with 0.005% diphacmone bait will be minimal. Furthermore, the non-target secondary
poisoning hazard resulting from the use ofdiphacinone is reduced by the delay in death ofthe target
species, which allows time for the cleaning of the gut content, metabolism and excretion of the
toxicant (Godfrey 1995).

In their 1992 study, Cox and Smith showed that food and water intake declined rapidly in
anticoagulant-treated, caged Rattus norvegicus. In a different study, Hooker and Innes (1995)
reported that black rats poisoned with the anticoagulant brodifacoum maintainednormal nocturnal
movements and showed no nest changebetween dawn and dark, suggesting no..daytime movements.
Apparently, most rats died in their nests or under cover, further suggesting that few rats dying of
anticoagulant poisoning would be found in the open (Hooker and Innes 1995, Lindsey and Mosher
1994).

On the other hand; another study showed that between 20% and 50% ofradio-collared rats poisoned
by diphacinone and chlorophacinone in Florida sugarcane fields died in "exposed" areas and were
available for scavenging by mammalian predators. It was also found that poisoned rats became
comatose 1-2 days before death, leaving them more vulnerable to predation. There was no
assessment to quantify the risk to raptors (Labisky et al. 1986). Additionally, in a 1992 study, Cox
and Smith observed that diurnal activities increased almost 30% in caged rats treated with
anticoagulants. Within a 24 hour period before death, these ra~s spent much oftheir time staggering
or sitting quietly in the open, potentially increasing their vulnerability to raptor predation.

Although very little research has focused on the effects ofdiphacinone on arthropods, the few past
studies suggest that arthropods themselves are not greatly affected, but may be capable of
secondarily poisoning small birds or mammals when fed upon (Extoxnet 1993; Anonymous 1996;

4
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headed wetas (Deinacrida spp.), results suggest that insects and other arthropods are capable of
rapidly metabolizing and excreting the toxicant (Morgan and Wright 1995). Results from these
studies suggest that: 1) dead rodents are located rapidly by mammalian scavengers; 2) raptors do not
appear to recognize dead rodents lying on the forest floor as food items; 3) some rats may move
above ground during the day, before and after consuming diphacinone bait, but generally remain
under cover, minimizing their exposure to avian predators; 4) diphacinone contaminated rats are
available for scavenging for only a short duration, and 5) due to the availability ofa wide range of
prey, and the small treatment area, the potential risk for injury or death to 10 as a result ofpoisoning
from diphacinone, is extremely low to nonexistent.

Cumulative Effects

Cunlulative effects include the effects of future State, local, or private actions that are reasonably
certain to occur in the area considered in this biological opinion. Future Federal actions that are
unrelated to the proposed action are not considered in this section because they require separate
consultation pursuant to section 7 ofthe Act. The Service has not identified any cumulative effects
in the project area that may impact the 10.

Conclusion
After reviewing the current status ofthe 10 (Buteo solitarius), the effects ofthe proposed study, and
the cumulative effects, it is the Service's biological opinion that the study, as proposed, is not likely
to jeopardize the continued existence of the 10 (Buteo solitarius). No critical habitat has been
designated for this species, therefore none"willbe affected. Additionally, the rodent control program
may be beneficial for a number of endangered species in the project area.

INCIDENTAL TAKE

Section 9 ofthe Act and Federal regulation pursuant to section 4(d) of the Act prohibit the take of
endangered or threatened species, respectively, without special exemption. Take is defined as to
harass, hann, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to engage in any
such conduct. Hann is further defined by the Service to include significant habitat modification or
degradation that results in death or injury to listed species by significantly impairing behavior
patterns which include, but are·not limited to, breeding, ~eeding,or sheltering. Harass is defined by
the Service as intentional or negligent actions that create the likelihood ofinjury to listed species to
such an extent as to significantly disrupt normal behavior patterns which include, but are not limited
to, breeding, feeding or sheltering. Incidental take is defined as take that is incidental to, and not the
purpose of, carrying out an otherwise lawful activity. Under the tenns ofsection 7(b)(4) and section
7(0)(2), taking that is incidentaf to and not intended as part of the agency action is not considered
a prohibited taking under the Act provided that such taking is in compliance with the terms and
conditions of this Incidental Take Statement.

The measures described below are non-discretionary, and must be undertaken by the National Park
Service for the exemption in section 7(0)(2) to apply. The National Park Service has a continuing
duty to regulate the activity covered by this incidental take statement. If the National Park Service
fails to assume and implement the tenns and conditions, the protective coverage of section 7(0)(2)
may lapse.. In order to monitor the impact ofincidental take, the National Park Service must report

5
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take statement. [50 CFR S402.14(i)(3)]

Sections 7(b)(4)· and 7(0)(2) of the Ac~ do not apply to the incidental destruction of listed plant
species. However, protection oflisted plants is provided to the extent that the Act requires a Federal
pennit for removal or reduction to possession of endangered plants from areas under Federal
jurisdiction, or for any act that would remove, cut, dig up, or damage or destroy any such species on
any other area in knowing violation of any regulation of any State or in the course ofany violation
of a State criminal trespass law. .

Amount or Extent ofTake

The Service anticipates that one (1) 10 could be taken as a result of this proposed action. The
incidental take is expected to be in the fonn ofdeath from secondary poisoning.

Effect of the Take

ill the accompanying biological opinion, the Service detennined this level ofanticipated take is not
likely to jeopardize the continued existence ofthe 10. The study is being undertaken in a limited area
so that even if one 10 -is secondarily poisoned, the island-wide population is sufficiently viable to
tolerate such a loss.

Reasonable and Prudent Measures
The Service believes' the following reasonable and prudent measures are necessary and appropriate
to minimize impacts ofincidental take ofthe 10. The National Park Service must ensure that BRD
monitors 10 and the fate ofpoisoned rats and mice in the study area and minimizes the likelihood
of secondary poisoning.

Tenns and Conditions

In order to be exempt from the prohibitions ofsection 9 ofthe Act, the National Park Service must
comply with the following terms and conditions, which implement the reasonable and prudent
measure described above. These tenns and conditions are non-discretionary.

• Keep trained observers in the field to take field notes and make follow-up observations on
10 feeding in treated areas to document any evidence ofmortalities, or signs ofillness, such
as external bleeding, unresponsiveness to humans, or other unnatural behavior.

• 10 exhibiting signs of illness should be captured and treated with vitamin K (an effective
antidote) and taken to a qualified avian veterinarian.

• Follow poisoned rats and mice to determine whether these animals are available to 10 as easy
prey. Remove poisoned rats and mice from the study area once they have been located.

• Document all of these observations and provide the Service with infonnation regarding
potentially adverse effects.

6
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• Dead 10 shall be properly salvaged and sent to Dr. Thierry Work of the National Wildlife
HealthResearch Center (808/541-3445) for necropsy and analysis. Any specimens available
following necropsy and scientific analysis shall be deposited with the B.P. Bishop Museum,
1525 Bernice St., Honolulu, HI 96817 (telephone: 808/547-3511). If the B.P. Bishop
Museum does not wish to accession the specimens, theNational Park Service should contact
the Service's Division of Law Enforcement in Honolulu, Hawaii (808/541-2681) for
instructions on disposition.

The Service believes that no more than one (1) 10 will be incidentally taken as a result of the
proposed action. The reasonable and prudent measures, with their implementing tenns and
conditions, are designed to minimize the impact ofincidental take that might otherwise result from
the proposed action. If, during the course ofthe action, this levelofincidental take is exceeded, such
incidental take represents new information requiring reinitiation of consultation and review ofthe
reasonable and prudent measures provided. The Federal agency must immediately provide an
explanation of the causes of the taking and review with the Service the need for possible
modification of the reasonable and prudent measures.

Conservation Recommendations

Section 7(a) (1) ofthe Act directs Federal agencies to utilize their authorities to further the purposes
of the Act by carrying out conservation programs for the benefit of endangered and threatened
species. Conservation recommendations-are discretionary agency activities to minimize or avoid
adverse effects ofa proposed action on listed species or critical habitat, to help implement recovery
plans, or to develop infonnation. At this time, the Service has no recommendations.

Reinitiation-Closing Statement

This concludes formal section 7 consultation on this action. As required in 50 CFR 402.16,
reinitiation ofconsultation is required where discretionary Federal agency in.volvement or control
over the action has been retained (or is authorized by law) and if: 1) the amount or extent of
incidental take is exceeded; 2) new information reveals effects ofthe agency action that may affect
listed species in a manner or to an extent not considered in this opinion; 3). the agency action is
subsequently modified in a manner that causes an adverse affect to the listed species that was not
considered in this opinion; or 4) a new species is listed or critical habitat designated that may be
affected by this action. In instances where the amount or extent ofincidental take is exceeded, any
operations causing such take must cease pending reinitiation.

If you have any questions regarding any of the information contained in this biological opinion,
please contact either Assistant Field Supervisor Karen Rosa or biologist Mike Richardson (phone:
808/541-3441; fax: 808/541-3470).

cc: Larry Salata, RO-ES, Portland, OR
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Appendix 10. Environmental assessment report.

EN'VZ~6~~ ASSESSKEJn': ~E$"r ~q~T a~i:c:mJ:"~.~ TO
. . ··e~Ox.:·~TS". ~''''J: :voL¢".o~$" '~~~~P~ir"':~Ax"::[ ".'

Prepared~: ~~~~~~~~.~ ..~t.::~<::::::":::.' Date. JlsJ"iY
Approved byl "':;~_~~:?;~~8::.:::::::::====-Date.*t .



PURPOSE AND NEED

Safe. effective. and efficient methods of rat con~ro1 are needed in
Hawai'i Volcanoes National Park (HAVO) and other conservation areas
in Hawai" i. This need has been identified as a high priority by the
Secretariat for Conservation Bio~ogy and by state and federal
conservation agencies. All rat species in Hawai'i are introduced and
have harmful impacts on native birds. invertebrates. and plants.'
Recovery of many native species is expected with rat control.
current control methods available for use in conservation areas
include snap trapping and a rodenticide dep10yed in hai t stations.
These method~ are ve~ labor intensive and practical only in very
small-. a(;:ces~;il?le-~it~~. _Broa~dcast rodenticide baits •. namely thqse
tlli;lt at'~ _·Sp.~~-f14:_'H~~;d~~.g,~.-t..~!~~~;E!~ ~it:- .Cl:ispen~~7=. ~-~!t·H§~~.~.
HilWai "i :in a"gri~ultUl:'a:l 's~tting~- ib1C1 -f():r·r~t <:on-ei;~.~ J}.~~a _mdin
dweiiitig-s.. 1\eriailY broadcast r()denti<:id~s bav~ also bef;!D. .used
succesS:fu11Y :in conservation areas in New Zea1and. Research is
requi:J:;'ed for regulatory agencies to modify pesticide ·labels to aJ.low
use of a broadcast rodenticide in coriservati._on areas in Hawai "i;
Research is needed to demonstrate· the effectiveness of the
rod~ti.ci.de in controlling rats and not harming other species·.

.
Three rats species are present in Hawai'i and HAVO. Bl~ck.rats (also
called roof rats or ship rats) (Rattus rattus) are the most
widespread and abundant rat species in the park. particularly in
mesic (moderately wet) forest and rain forest. Polynesian rats
(RattUS eXu~ans). ~hich accompanied ear1y Polynesian settlers
throughout the Pacific. are-generally less abundant than black rats
and reach their highest densities in the lowlands. Norway rats
(Rattus norvegicus) are fo~d in many park environments but are never
common.

Studies and ·observations of biologists suggest that rats have had
pow~rfUl. negatziv~ effects on a nuniber of Hawai·ian native species.
The ~pacts of black rats are probably of the greatest interest to
resource managers. Black rats are arborea1 and· therefore cali consume
m~turing fruits and prey on nesting bi~ds_ In addition ~hey are .
abundant in ·montane mesic·~and wet forests, which are of the greatest
conservation interest tp.park managers because of their intactness.
manageability, and biological diversity.

The impact of rats on invertebrates and plant~ is suggested py the
proad range and high volume of invertebrates, fruits, and seeds they·
c·onsume (Sugihara 1996; Forbes and Stone et: a~.. draft manuscX-ipt).
Park biologists have documented a wide range of fruits eaten by rats
(stone 19.8.? Russell 1980) ·and girdling of rare trees (Baker and -
allen. 1978). Rats are considered a factor in the decline of bird

'faunas of many Pacific islands including Hawai'i (Atkinson 1977,
·_··'Sc"O~t:·- ·e-t!- -a-l .. · ..1926.) -...-., In. HAVO, .._the.. native._Hawai.ian. pj..+.d....~_~J.epaio

(Cbasiempis sandwicbensis) must. re-nest up to eight times .because of
egg predation by black rats (Sarr et al., 1998). Rats are predatory
on native Hawaiian tree snails and appear to be a major limiting
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Proposea. Acti.on.

factor for these Endangered i~vertebrate species (Miller and
Hadfield, 1993).

Few long-term studies of recovery after rat r~oval have been
attempted. However, the short-tezm studies conducted suggest that
native species may recover if rats are removed. Nesting success of
"Elepaio increased in an ~perimental control :program on o'ahu where
rats were contro11ed (VanderWe~f, 1997). Studies of .recovery o~rare

forest bird popu1~tions are ~nderway at Hakalau Forest National
Wildl ife Refuge (HFNWR), but no conc1usions have be~n drawn froM thi.s
study to date. A study after rat con:trol on a small, o~f-shore
island in' New Zea·1and,· inq1.c~te that s~e~i:n9s an~ saplings of many
~ative tree and shrub $pecie~ :i~;~rea$eq.'$$stanti:ally after five .

~i~~;:fi~!~E~~;~~;~:~iit~E~~r~!~,
rodent:i.cides l.a~1.ed fo~ use in Hawai.i. (S1,;;:i.ft 1.9'91). kese.arch is
needed before resource managers c~ use broaQcast rodenticides ih·
conserVation are~~. Studies wi1.i indi~ate 'if broadcast rodentic~des
are effective, safe for non-target organismS, and stimu1ate ~he
recpvery of native species .. E~fectiveness and safety for non-target
species need to be demonstrated for the US Env~ronmenta1 Protection
Agency (EPA) to a110w registration of a 'pesticide for use in
conservation area$. . .

AL'l'£JUlA'1'XVE$ XNCLUDDiC'i: 'rBE PROPOSED AC"1'%W .AND THE A:I':rEC'1:ED
~O:NlCENT

Alt;:•.z:n&t:i.ve 1.

T4~" ~e~~ . st.ep. 'in rat c:ontro1 fpr co.~s~:nra~.~on,agenc;:.~~~ is to· ~eek .
regi.s\:r·ati:6n from EPA ·for the ~s~ Qf broadcast rodep.~ieides.

Broadcast rodent1cides. ~specia11y thos~ ~~stributed Py helicopter.
have the potential to be more cost-effective over larger areas. When
larger areas are treated, the reinvasion of rats from·outside·areas
is reduced. The dipbacinone broadcast bait Ramik Green ° CHACO, Inc,
Madison, WI) is currently approved for use i~ and around dwellings
and agricultural lands in Hawai'i. I~ is approv~d as pellets out of
th~ reach of children and wildlife Q~ in tampe~-proaf bait stations.
In these settings, ~ik Green is ef:fec;:t.ive with diphacin~:me as its
act.ive -ingredient at 0.005%. Conservation ag.encies want to evaluate
the efficacy and safety of Ramik Green as a broadcast bait for rat
control in native forests. The target areas are localized upland
breeding bird habitats and other bi~loqical communities where rare
plants or· affected species are' concentrated. Broadcast applicat'ions

-" -of '°'X"odentic id.e . over ., tbousands, ,of...acr.es. of. cont:.inl,lous .h?-pit~ t are not
envisioned. - ,
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Conduct research in KIpuka Ki and 'Ola'a Forest in Hawai'i Volcanoes
National Park using broadcast baits. This research will start with a
single lO-acre plot in each site under an Experimental Use Pe~it
issued by the Hawai'i Department of Agric;ulture. Halld broadca~ting

of Ramik Green rodenticide will be ca~ied out. Treatment sites will
be paired with untreated controls in ~uka puaulu and a nearby area
in 'Ola'a fores~. This research is planned for fall, 1999. If. the
research proceeds successfully in th~ lO-acre test plots, permission
wi11 "be sought from EPA· to test one 50~acre plot each in "Ola'a and
Ki.puka Ki. In these larger plots, baits wi11 be disper"se~".by "
helicop~e+. ~his. research is planned for fa11, 2000. Research
resul~s about co~trol efficacy a~~ non-tar~et effects will be
desoribed in report.s C$d sci~ri,tific papers. Another ~ would };)e

;:;;:l:iii;~;:J~~~~i~i;:±;a;;i:~~;~~O~
Geraid Lindsey and Dr. David·Foot~. ~~ots treate9 with th~ .
rod~ti~.ide w~.:Ll be in l'rtolst fore~"t o( It~puka Iti and u.. l;~in f¢Jrest
of 'Ola'a .. untreated control ploes wi11 be. located in Ktpuka Puaulu
and a nearby area of .. ala" a - Research methodQlogy in the; 10-~cre
test plots ~ncludes band-broadcasting dUring ~ weath~r at 10
Ibs/acre to :30 Ibs pe~ ·acre. based on.·results of a field trial being
conducted outsi.de the park to determine the optimum bai.t application
rate. Timing of re.peat applications will. depend on disappe~rance of
bait and recovery Qr reinvasion of the rat population. For test
purposes. bait~ will be replenishe~ every 2-3 months regardless or
when rats recover to pretreatment levels, whi.chever is longer. A
maximum of four broadcast baitings will be applied to each treatment
~lot_ .

The opjective i~ ~o reduce rat popu1ati.ons 60-90%. The Ie-acre size
for the treatJnetlt siteiinpO.~~.by the' $t:ate De~:J;tment .Qf ~gr.j.cult\l:J:-e
i$ too s~il for rat contrdl 'r~~earch because of 'rapid re~~vas;ofi.
Hovever. 'in order to qualify for research in a 50-acre site, p~obably

the minimal ar~a feasible for rat control, some success must be
d~onstrated in 10-a~re plots.

•
Efficacy of treatments w~ll be dete~ined by trap-retrap, radio
telemet~, an~ acceptance of nontoxic census blocks pre ~d post
·treatmen~. L~ve trapping of rats to get an estimate of the
popul~tion size and species composition within the study. areas ~ill

be conducted prior to baiting. Roden~s captured will be ear-tagged
an~ released. Snap trapping. o~ mice will be conducted throughout the
study to follOW their population to determine if rat removal affects
them. Ten to ~S'rats in each lO-acre area will be fitted with radio
transmitt~rs to determine their fate. Dead· radio-marked rats will be
lot:ate"d; placed in plas·tic bags, and removed from the study area.
Census blocks indicate the presence of rats by signs of chewing on
the block.
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Invertebrates. Pitf~ll traps and non-toxic pellets will be' used to
monitor effects of baiting on soil invertebrates_ Impacts on
invertebrates wi~l be dete~ined by a preliminary test using a non­
toxic pellet to determine the attra~tivepess of baits to ali~ slugs.
alien and native snails. and other inve~tebrates in the study areas.
IndividuallY marked pellets will be monitored daily for
invertebrates. Pitfall·traps are plastic containers placed in holes
dug appr';xUnate1y 10 em deep and 20 em in di.ameter. Other '
invertebrates will be s.ampled thro~gho~~ the s~udy at coconut baits
and sticky"cenSUS bpards. Some invertebrate specimens. including
native and -a..lien snails and slugs. the most· like1y spE!.cies to be
attracte.d to the baits, wili be collected for residue analysis in
order to.~va,l~i;lte pOtential. for ,sec;ondary to~ic:it:y.·

;iii~:::it~!~tlk~::r~~t~~fE~t=;~~~~~It~:o~.
ko1ea <,~$.1.be ~~s~~jana). ho"awa (P..:i:tit"ospo.pm. bOSJn~i). a,1·i:hii. .
(HelicQpe· spp.). papa·1a kepau ·f;Plsonia b~~nia.,na). ~o1apa·.

(Cheirodendr'On t;.;-.:l:gynum) and mamaki ·t~P,ipt:u.rus albidus} -. Four
hundred $eeCls of these speci.es wi.l1 be germinat~ in. the park
gr~enhouse prior to the baiting experiment: and outplanted to assess
impacts of rats and rat control on seed1ings.- Some seedlings will be
placed ~ rat-proof exclo5ures~ an equal number w1l1 be protec~ed

from slugs. and some will be p1aced in exc~osure~ that b10ck access
of. ·ka:1ij pheasants but not "rats. Up to 50 flowers ~ fruits. ancd buds
ot the a~ve specie~ wi.ll. be .marked and mOnitored weekly in the
control" aJ;ld treatment area Ii before and after baiti.ng . Twenty seed
traps. protected from seed. predators. wi11 be placed in each
treatment area to be1p determine seed rain and seed .predation under
targtat-t~ee ~pe~ies_ thought to -be vulner~ble·to:ratpred;cltion_
Grain s~eds ~ve been obserVed tb ·germinate· from grain·baits·1n"the·
past •. The pot:~tial of i~t:roau.cing weeQ,s intQ .t;h~.t~~a~ent sites
wil~ be ~valua~ed by fo~~owing germdn~tion and fate of seeds in grain
baits in the greenhouse' and· under fie1d conditions.

Birds. Up ·to 20 individuals each of the fol+Pwing alien bird species
will be mist netted. euthanized. and then sent to a lab.· and checked
for pesticide residues.· They·wi11 be eu~ized using standard
carbon dioxide methods orf cervica1 dislocation: Northern Cardinal
(Cardina~is .cadina~is). Japanese White-eye (Zosterops japoni.cus) and
Melodi.us 'Laughing Thrush (Garru~ax canorus) will be removed using
mdst netting techniques (Master banding permit from US~S 1226~3

issued to BRn) . Up to 20 Kalij Pheasants (Lopbura ~euco.me~ana)

will be co11ected with·the use of a shotgun in consu1tation with HAVO
Protection ,Rangers. Transects wil1 be walked inside and ou~side the
study area to obs~rve.dead or poisoned bird~. These wi11 be
necropsied and analyzed. Radi.o col'lared and banded "'Io in the area
W· ·~-l·"""·-·b·e· m'on3:·t;o··red';:".. - ........ ·_·~ ., .... ,...._-' .._..~_ ...

_ .... ..... - •• ~. J' - •••" -.....-...~_.---... ..---=....----..-.....-_........._..~..M'... _ ...... _ .... _0._._

This is the park·s preferred alternative.
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·A1l:ernat:i.ve 2. Expand use of ex.i.stb1Q approved. peat:1cid.e. in ba.i.t
stat1.ons. ·A rodenticide working group was formed in Hawai'i in 1994
to seek 'registration of rodent~cides in conservation areas of .the
state. This interagency group was comprised of representatives from
the aawai'i Division of Forestry and Wildlife, Hawaii Department of
Ag~iculture, US Geological Survey- Biological Resources Division,' US
Fish and Wildlife Service, US Department of AgricultUre, Xamehameha
schools/Bishop Estate, and the National Park s~rvice. In i995 the
ef:fort·s of the working group .resulted in thfi! registration of Eaton's
All-Weather Bait BlockS f~r use Ln covered bait ~tatio~s in
conservation areas. The bait stations restricted access to the bait
for'birds~ humans, and ot~er larg~ ~on~target.species. The active
in~edient of this r.oderltioide is.d~pba~~none (O.OOS~), the same

g~~;1~f~~!1~1~(~~tii~ti!~;:·~
rodenticide 'b'e~ause of slow action, high p~ia.tabi1ity. 10w r.isk, and
easy' app11cat:tori (L~d 1988·). Anticoagulants work by i~tE!rfering .'
wi.th ..~ organism~s ability to uti1iz~ vi,tamin 1C1 in t:hepr6cess of
biood. c10tting and by damaging smal1er b100d vessels, causing
internal. bleeding.

Use. of. .rOdenticide in bait stations c~ be effective in on1y sma~l.

acces$~bl.e areas .. Bqit stat~ons are ~ractica1 for .1arge or remote
areas. pipahcinone.bait.st~tionsar~ not uSed systemat~~a11y in any
areas of jlAvo because they are highly labo~ intensive tQ set out and·
m;a.in:tain ... They. are (:urrentl.Y used aro:und several. individual.s of one
species of endangered plant to prevent 'bark gir¢U.ing during dry
p.er.io~?....,..T~~ ~~e ..~ls~ u~ed around se1ected n~e nesting and
brQQ.di,ng a.J:~~~. to C;:9~trol'inongo.Qse arid rats (motiqQos~-·a.re al.so highl.y
s~$i.1;i"J"~··:··e~b·4:ipha;¢:Lnone;) •

A1ternat:i.""e 3. ~nd "i1s~ of =an.p traps. Use of ~ited-snap traps
can ~1.S9 be an effective method of rat control. However, they are
even mo~e labor intensive to ~intain than 'are bait stations, making
their use over-large areas and in remote 1ocations not feasible.
Snap traps are currently n~t in use for rat control in HAVO~

•
A1ternat:ive 4. No action. Do' not control rats.

Affected.~viroDment.

~puka U. Kl-puka KY is a mesic forest locat~d on the southeast
slope of Mauna Loa at approximately 4,200 foot elevation. It is
bisected by the Mauna Loa Road. Rainfall is approxLmately 60 inches
per year and the substrate is deep ash accumulated over the last

-. ·--··-·1"O-,--O-O·O-"Yea·rs--:-·-·~he· ~Ipuka~is .divided by and surrounded by much
younger lava flow~ from Mauna Loa. Kipuka KI. is dominated by stands
of the native tree species koa (Acacia koa), manele (Sapindus
saponaria), and 'ohi'a (Metrosideros polymorpha). Stands of manele
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. Human··-Health ·and ".Sa.f.ety__~e...us.e~ of_ ..diphac;:.ingne. _i.~L.l?~l;+.~~~.._.a.t: 0.005% "
is not expected to pose a threat to human health and safety. ., , -.._- --
Diphacinone was first developed in 1957 as pharmaceutical called

. Dipaxin, an anticoagulant used to treat circulatory problems in

Broadcast dipbacinone is expected to resu1t in 60-90% control of rats
in test and management areas. Rats are very sensitive to diphacinone
and have a lethal.dose of 0.6 milligrams of diphacinone/ki1ogram of.
body weight. Under field conditions, rats must consume a sublethal
dose for six straigh~ days to die.

~o1a'a For••t. The "'Ola'a site is ~ocated adjacent and east of
Wright Road above Volcano vill.age. The rain fall. is approximatel.y
140 inches per year. ·... ola .. a forest is tree fern dom~ted rain .
forest. ·Ohi"a. the emergent tree speeies, occurs. ~ o~ to
scattered stands. Tree 'ferns foXlll c~osed·stands 10-15 feet tall.
along with severa1·~ther.nat;ive tree spec~es. The understory is .
comprised largely o~ na.tive ferns and sb.ru:ps. "'Yo is occasional.ly
seen in 'cia' a forest. Common native bj.rds are also present; no rare
birds use the area. Two endangered plant species, 'anunu (Sicyos
a~.ba) and ha'" i.wale (CyrtaJ':1dragiffardi.i) may occur ~n the area.
Histor!cally. in the ear1y 1980's. a proposed en~gered endemic
pictpr~1rtg f~y (DrQSopbi~a.~et~rQ~~ura)oc~urre4i~ tAe study. area.
Fer~i?;:·-P~g,s·:>1ifere remov~.tn;.·tn~...~a:~;-:1:y ..19..9(i$, and nQ .~Quri:t::~g "i.s ':'ttaking
pliu::t!!~ . ···Ailen p1ant control '~~an"i~ 1.999 using he:rbi.cides. ·Th~re

are no' estab1ished trail.s an,d hildI),g and other publ.ie USes are very
uncommon.
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Test broadcast rode~tic~d.s.

are very rare in Hawai'i and all occur on the slopes of Mauna Loa.
Rare native flies (Drosophila spp.) are associated with the manele
and koa. In scatt·ered locations a subcanopy of native trees is
present. The understory vegetaeion is lar~ely alien. comprised of
stands of alien grasses, blackberry. ~d Jerusalem cheJ:TY. in some
areas, there are dense stands of native palapalai fern. An active
habitat restoration program is underway using herbicid~s to suppress
alien understory vegeta.tion and stimulate the establishment of native
plants. K1puka XX was subjected to cattle grazing and feral ~oats

until the 19705, and feral pigs were present until the 1980s. No.
endangered or threatened or .species o'f concern are current~y found in
K1pub Jet. The common native birQ.$ found on the Big Is1and are
present inclUding ~Oma. '0 (Myac:J.e~.~es obscurl,Zs), "'Apapane (HiJnat::ione
san!P-linea) e'·' .'Elepai.o·, atid $~~§,p:pa)..lY ~ I" iwi' (Ve.$ticiria coeci.-tJQ.) .•

~;8~~£~~~~~:rli~t,~'~t:tfJ~~~~.
tradit·j;blial.· p1ant JiIa~erials."'Utiae~ a pa~k P(!~t· ·!;y~tem'~·" ..... .Ho~t;· ·0'£' "this
is done adjacent to the road wi~ the heav~est colieetirig'd6rte in .
April. No hunting is allowe4.

A1.tarnati.ve .1•.
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humans. It was developed as a rodenticide in 1972 because of its
anticoagulant· properties. An adult human would have to eat
approximately 0.8S2 pounds of the bait or 34 pellets for aD initial
therapeutic dose and 3-7 pellets a day to maintain the therapeutic
dose. The lethal dose for humans is not known because it ba,s not
been directly tested on humans to determine this. Dosages fram
accidental poisonings could not be' found.

Domestic·Dogs.· There is little to no danger of secondary poisoning
to pig h~te~s ~r their hunting dogs. The park will test and use
broadcast. ~iting qnly in areas where pigs have been controlled and
huntd~g: 4Q.e.$ nqt o~cl,lr. HAVO was selected as a stud}#' area be~a\1se of
its ~F.~~§-i.Y~, pi9.:-~r~T.,.:,·.~~e~.~. l?lg~ ea~~~~ diphacino~e_p,aits do no~

~!~~~~J!I't;t§t'~(ii~~~·
therapeutic dosage~ The$eud~ sites were deliberately ~elected to
avoidtbe .potential of conflic.ts with punters. Bunters may
potenti~1'1y traverse the .. ola .. a study 5ite with their dogs in
acces~;ing· areas with pigs east of the fenced unit in Whi.ch the
treatment plot lies. Hunters a1most ~variablyavoid~e area

·surrounding the treat~ent plot because quicker access ~s located in
pastures just outside the park. It .is possi~le that stray or lost.
hunting dog~ may ~ander through the treatment plots. Somet~es these
dogs may 5per,l.d one pr more days in an area. ~e lethal: dose is known
for dog~: i,t is 3.0-6.5 _mi11i.grams./kilogram of body wf1!ight. An
11.78 gram ~1let ~ontains 0.589 1Ili11i.g1;:'ams 'of di.phacinone. For a 30
pound (i3 . 61. kil-ogram) dog to obtain the lower letha~ dose of 3
mi11~g~~tki.+pgr~~ it would haye to ea~ 69.8 pel1~t$ (40.83

=t.itt;:=t'l-;;:~~~~~.·~3~-:;;~~~:~w=~~u=:~ ~:V~td~~;: ~7~~i~~~~
(1.Q~ ..,'07 ~J;.lig:t.~$l" •. 1;£ bb,4?$.e·~¢g·s· wete :.$~a~ing. they· iIlaY ,.p()$$ibl-y
in:ge.st laii1~ nlJ.ml?ers: of pEiilt!ts 'if'- pa1at:ab·1~.;. Str~y dogs' were Xl.ot
observed to eat pelle~s in a recent study using placebo Ramik Green
pe1lets along Stainback Highway outs~de the park.

Vegetation~ Trees. shrub$ and other plants ~re not expected to be
harmed by the baits. Seedl!ng establishment of plant species.most
likely' will be enh~nced as rat predatiQn of seeds and seedlings
declines. Bark girdling may be reduced on papala-kepau(Pisonda
brunoniana) and possib1y other species. The effe¢ts of rat predation
on seeds an4 $eedlings of hau' kuahiwi(Hibiscadelpbus giffardianus).
an ~dangered plant species; will be tested. Tes~ing will involve
manipulative research in which seedlings and seeds are offered to
rats in the field. Grain species have been observed to germinate
from grain pellets. This has the potential of introduci~g weeds into

. the treatrrient areas. Germination of seeds will be tested under
optimal conditions in the greenhouse. Ge~ination and fate of
s~edlings will be tested under field conditions.
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Hongoose populations are expec~ed to decli.ne because they are very
sensitive to diphacinone ~d are known to be attr~eted to this bait
:in ba1.t s;"tati.ons. Feral cats may be attracted to the baits. The
lethal dose for cats has been eXper:imental1.y c;ieterndned. Cats are
l.e~$.· $e.~it;.J;ve· t1?i;li1 dO$Js but weigh less. Approximate~y 50 p~llets·
w0111d ~r.~_tNlrea· e()r tbeav~r~ge weight f~Cl,J.·'cat•..1.'i:l~r~ ~y l:;H;!
so~e .hai~;z;cf' 'of .$e¢~hdaXy ":poi$Qning by feeding· on dead .or po:r$~n~
rats. . Large n~rs ~f riit!i ~ould .need to be ingested to ret:·ei.v~ ·the
equiva1~t 'of the above dosages. . .

:tnvertebrates.· Insects and other invertebrates are not known to be
sensitive to dipqacinonepn~no direct effects are expected from
application'of the rodenticide_ However, endemic picture-wing
Drosophila will be teste~ under labora~o~ con~tions for attraction
to the bait and impacts of the active ingredient. The baits will
provide a food" source for det+itivores, particu1arly alien slugs and
sowbugs and populations of these invertebrates feeding on the baits
may increase. snails and slugs will be tested for pesticide residue.

Birds. N~tive forest perching birds are not expected to be ·impacted
because they largely feed on nectar or insects above the forest
floor. Native birds occasionally feed on the ground where they could
come· into contact with contaminated invertebrates. OWls feed on mice
and rats. Feuo (Asia .flammeus sandwichensis), the native owl, is not
present in 'ola ~a and very rare in KYpuka Icr. It resides and forages
in more open areas. Alien barn owls (~to alJ?a) are present ill the
lower Mauna Loa strip forests. Alien birds feeding on the forest
floor may take pellets or invertebrates with residues of pesticide.
Kalij pheasant is the species spending most of its t~feedirig On
the ground. pesticide residu~s wil1 ~e checked ~ a number of bird
species. Ali~ .$J?ecie~ from a variety of f.~eding ·guilds will
saJripled. 'If re~idues.are fp~d,· then nativ~ bi~ ~y be also

::~:~=::::l~~]:::rt~:,::~:~:~(::~:::~~~~::~
are unknoWn. ~h~~~ %'~Emti!{· ii~e; 'preset1t from the' sb6;rf;!!li1e' 'fa .·~1~ihe·
areas' bu1: a~ much .1es$ '~bun'dant tliaD. black rats and Poiyn~j;i~ rats
in bOth of the te$t ~ites. Hice are uncQlIift)on in the ra,·in f01:est
except for grassy .Opeb.1.hOS. House mice are l.ittle affected.·by
dip~cinone. Mice lar9.e1y depend on. a food base made up of small
seeds and may not directly compete with rats.. '1'~ey may increase in
numbers. if rats are controlled. This i.s an important resea,rch .
question and~ce populations wil1 be monitored c10seIy during the
study.

Thre~tened and Endangered Species (Section 7 Consultation).
Endangered .. 10 are not expecte~ to be harmed through secondary
toxicity by scavenging or preying on rats which have ingesting
diphacinone) . '10 are resident in the lower Hauna Loa Strip and are
occasionally seen in 'Ola" a. Studies at HFNWR (Lindsey and Mosher

" 1994) indicate that 1) dead rats are rapidly located by mamma~ian
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scavengers such as rats, mongoose, and cats; 2) rats are largely
nocturnal and ~hose moving around' in the day tend to remain under
cover; 3) diphacinone contaminated rats. tend to die ~ their nests,
not in the open.. A Section 7 consultation was carried out the US
Fish and Wildlite Service (FWS). The FWS has provided a Biological
opinion, concluding that the proposed study is' not likely to
jeoparadize the continued existence of "the '10 and that the cont~ol

proram will be beneficial to other endangered speci:.es. The FWS has
pres~ribed·terms and conditions' in t~e BioLogical Opinion requiring
close monitoring for signs of toxicity in 'to, trac:kiJlg rat movement,
and necropsy of dead birds. 'An incidental take of one bird is
allowed ...· IJ1\~(:ts on bal.1 'kuahiwi will be mitigated ~ the fact that
s~rv;i.yizU1 1.11iUviduais will be left iii th_ g-r'o\lJld to augment th~ .

!!~!,;!;~;~;~~;iit~i~E;~~~;~:t~lli:~:~~
oj: thlt\! p.~sticide is aehieved.· I'i:a:.lp~C:tsthat cou1d ~f'fect wild~rn~ss
values b\c].ude the use of pesti~ides, .flagg~ng tape. iDarkers. and
plasti~ pitf.all traps, and helicopter$ to' broadca~t baits. These
i.ntrUsi()ri$ on. wilderne~rs are balancedby' tl'1e potentia). gain of
restorat~on of ecological integrity and native spec1es recovery.
Hawaii's natural areas, including designa~ed wi1demess, are
imperiled by alien species. Hawai'i's wilderness/resource managers
have perceived use of fences, pesticides, and occasionally
.helicopters as the ~ecessary minimum tool to accomplish the objective
of restoringwil~e~essecologica1 i~tegrity. hahi~at restoration,
~d nati.ve species recovery and p~otectio~.

C~lturaI Resources. The research wi.l.I be carried out to" not impact
cuI t;ural. resources. HQles foqr inch~~ d~ep anc;l E!.ight inches wide
wilt ~'giCc~v~ted. The ~iti:ng of tl::u!~e Qo;J.es· will. be reviewed with a
park ~tcheoiqgist to avoid ~pa¢t$ to ~rcbe~logi.¢~lr¢$o~c~s,ifany
ar'e present. Plants coll~c:t'ed by Na·tive aawaiian$" in npuka Ki,
e_g., palapalai fern (Microlepia stri9"osa) will not be affected by
diphacinone.· "

Soil and Water. Effects ~n soil and water are short-l.ived and not
pervasive. 'Diphacinone is readily adsorbed by soi1 organic matter SQ

it does not move' in the soil. It is not- readily soluble in water and
therefore disperses little in water. It breaks down to ha~ess,
simple cOn\po~ds in both environments. It has a balf-life (half of
original amount breaks down) in soil of 35 days.

A1tarnative 2. Use bait stations.

The effects on black rats are similar to those of broadcast baiting.
Bait delivery to Polynesian rats would need to be modified to achieve
similar levels of rat control expected on black rats. Researchers at
HFNWR were.Dot successful in controlling Polynesian rats with
commercial, box style, bait stations a If all species of rats can
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. Vegetatiop. similar to Alternative 1., the use of diphacinone baits
is not expected to have any ~aet on ·vegetation.

Cultural Resources. No impacts on cultural resources are expected
under this alternative.

WiJ.dlife_ Only the house mouse is l.ikel.y· to be able to access. the
baits when placed in bait stations. The impacts on mice popula'7ions
of controlling rats wil.1 still need to be addressed.

Wilderness. The intrusions on wilderness are likely to be similar to
those de~cribed under Al.ternative 1. for broadcast toxicants. except
that bait 'stations will be employed instead of broadcast pellets.

Section
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effectively be controlled, similar effects on v~getation,

invertebrates, birds, and other mammals can be expected. Helicopters
use will be reduced or not needed in the 50 acre test plots and in
follow up management use if broadcast rodentiaides are not used.
Helicopters may be needed to carry large volumes of bait stations
initially needed into remote sites. For sma11 areas, bait stations.
probably r~quiresim.ilar l~vels of· effort to put ou.t and replenish as
hand broadcast baits. Influx of rats from untreated 'areas is great in
small areas requiring frequent replenishing of hal.ts, whether band
broadcast or delivered in bait stations. :However, for larger target
sites .. ~.g;, greater than S~ acres, broadcast baiting will be greatl.y
more cost-effective' because' of the use of belicopters. to 4eliver
baits and because of the lower ~ge-to- are~ratio at:J.d lower
rei-nV-asi.on .. rCJJ:;,e$.. U~ing bait stations i.n mQre remote areas or areas

~;~~~~:t!:~&i~lt~~~~;~:~~~~~::::C~!l~~_~~$6lli1t.l
needed and-'-'tra-vel' t'i_ t6 and· witthin:t:he' .$ite to del.ive;r" alia' .­
repleni~h' hili. t _ . . . . . ., . . ·".ld· .

Human Health and Safety. The active ingredi.ent (di.phacinone 0.005")
for the rodentie1.de used in bait stations is l.den.ti.cal. to that used
in RaJni.k Green pellets. As in Al teJ:Dati.ve 1.. the u~e of diphaci.none
at O.O·OS!k 1.s not expected to pose a threat to human health and
safety..

Domestic Dogs. Bait stations are Qesigned to.prevent :Large
vertebr~tes from gai.ning ace-ess to baits. If a bait station were
overtu:rned, some bait could spil.l. out. However. the opportunity for
dogs to eat" the bait is greatly reduced when compared with ~~oadcast

pellets.

Invertebrates. Alien sow-bugs, sl.ugs and other invertebrates are
attracted to rodenticide baits in stations. and the consequences of
baiting will need to be evaluated as· in Alternative 1.

Threatened and Endangered Species (Section 7 Consu1tation).
i-consultations will be sought as in Alternative 1.
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Soil and Water. No impacts on soil or water are expected under this
alternative.

llternative 3. '038 Snap traps.

Snap trapping is e~fective and similar. recovery can be expected.
However. it is extremely labor-intertsive. especially in larger areas
and remote areas. There is the potential. to learn about recovery
from these kinds of studies.

Human Health and ~afety. Snap traps for rats can be a hazard if
accidentally touched. Traps would need to be deployed with adequate
w~~ning signs so that traps can be ~voideQ.

Dbme;s~i~ Dogs. COdOIlUt an~· 'pei;Ul\l~ ~ti~~@:r;" ~r~"·cQ.~QnlY u·s:·e4 t(:) ~it;:

::~pa~~:~~n~:~1;a::";~;::~~:~~h~ -. ;=~:~~~~irth:~~~~6ilaJO ~3~~~~·i;-~S·
Vegetation. Snap trapp:i:ng would have no impact on vegetation.

Wildlife. Snap traps will probably not harm other wi1d1~fe. but the
hazards will need to be evaluated.

Invertebrates. Alien slugs and other invertebrates are attracted to
bait:s on snap traps. The impact of deploying ba:its on invertebrate
populations will need to be monitored.

T~eatened and Endadger~d Species (Section 7 Consultation) •. Section 7
consu1tat~ons will.be sought as in Alternative 1.

Wilderness. The intrusions.on wi1derness are likely to be sim~lar to
those described under Alternative 1. for broadcast toxicants, except
that snap traps w~ll be ~loy~d i~stead of br9~d~ast pellets.

CUltural ResoUrces. "No ~pacts on cultural .reSQur~es are expected
Und~r this alternative.

Soil and Water. No impacts on soil or water are expected under this
alternative.

"~l.1:ernat:l.v. 4. No act:l.on.

Do not control rats. This describes current management. No-
potential negative impacts of using rodenticide will occur. However,
recovery of native species will continue to be adversely affected by
rats.
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, Managed areas will be marked with warning signs: knpwn user groups
will be informed. All flagging, markers, and pitfall traps will be
removed at the end of the study. Archeologi.st will accompany field
technicians -in locating holes for pit fall ,traps. These h~les ~1l1

be filled when ·the study is complete. aroadc~st baits will be used
only in areas without game animals and hunting activity. Eff~cts on
~on-target species wi11 provide mitigation of impacts. Pesticide
residues wi~l' ,be checked in a wide range of a,lien bird species
representing di:ffere.nt feeding guil_d~.. St:Qdy' ~:rea and vicinity will
be ,sy~t~~icallY·checked for sick and- dead 'birds, which will: be

E:~!gt!t~~~Btt%~!rt:B~!~~~~:t~es,.
Pesticide- residtiesin s1ugs and snails a'ttrac"t~d tb 'thE!' ~i'\: "~i11" be'·
tested..
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ENVIRONHENTAL IMPACTS MATRIX
.. ,

lLTEIlNA'tIVE 1 'lLTDBlfIVIS 2 ALT·DUU;'rIVE~"3· ;:. AL'tllUU.fIVE ,
IlROADClI'! IIlITS ·Illf 'flUOHIl .NO tW.II:''' . '.;.;.. ' NO COHTIlOL

IKPAcTornE \;~;

cultural Re'Og~Ce8 4 X 8 incn hoi.. dua No hal.. duo "0 hole'" dU!7:·.
.... No hol.. duq

'Water It..ourc•• 'uticid. in'Cllubh· i'D No cant.c~ with wat.r tlo pe.ticid. ':u'u:ch "110 No p•• ticid. uled, no
water '0 not carried in dhctt·:': dhet•
•oil wahr

Sail Hdf life of 35 clay.· in No contaet with .011 .Ho p..tic:lo·.· .. ·u·••'i!:, no No p~.tlcide uledI no
.oil .nec.t.· '.. efhet.

Wild.rll••• Intrulion fl'ol\ u.e of Intru.lon trOll u.. of Inl:ruai·ou; ,ot";;udng' No impact. froln
pe.ticid., ......rch 'p••tieide., bait trap. pot:."thl~:. . re,.arch and u.. but
.ctiviti.. , .t.tion., potential ill\prov.~e1it 0:(:' al.o no potential
helicopter., potential .. i_prove.nl: of ecolo~icd ·bt·.;(~ity in benefi~ to ecological
illprovelllant of ecological int.grity i~ wi ldarn..:I..with~..: integrity of wild.rn.~.

.colo~ic.l intagrity iD wilderne•• with' recovery ofn&~tye

wilderDI" with nativ. recov.ry of native .plel...
•peeie. recdverv Ipad...

Thre.teDelS &1l4 Pot.nthl illpact ofr.at Potantid in incz-....eS Potential :ito~:' ~iu:r:.a..d . Continue ~at i~p.~t. on
CDcSangared Spacie. chawing aD outplanted reg.~.ratioD of 1'1 ngenn.toi'o.n "Ci'fA~,£,'T en4angerad plant

H. glU.r.d.hnu6; S'hrat .peci.. , plant ,p.d:••·,· .\iiG .paci." no potential
potenti.l iner.... in potantial for .acoa4az-y potenthi lol' ...condary for .econdal'Y poi.cning
H. gilt.rdiuu. poi.oning of 'ro poi.oning· of '!~. of 'Xo.
population, pllt.nthl
b.nafit to other 1'1 ,
plant. through rat
control, potantial' .
••condary poiloning of
'to

J:llv8rtebrat.. No know direct .fflert'. No dir.at .ff.et. but No effect·. I No .fhct.,
but may b. incr.... in .-y be incr•••• in
population ~f .lug., popUlation of .1uQ"
.naill· f ..diM on bdt 'Dail. f ••dina on bait

Bird. Littl. potentill No dhet. Bird. CQ ·,~t";c&~vht ill No dhct.
effect. ·on native .nlp trap.
bird., potlntill intak.
gr·~.tic14e by groun4
dwdliDa alian .nch.

Plant. potantial for reduced 'oteDtlal for reduced Potantid :{or..'(Ijiucecl No .patal,ltia1 for
bark girc1Ua, ud' ....ei bark ,irdling and .,ed bark atrdU.~j·.:'~lla· ·...14 improvld rageneration
predation, pot.oti.1 preelation, pot.ntial prRatioA, ,p',9.:f;!.iiUal
for g.raination of for bort.ltd for inc.r;";l!Ir,.;a. .
arlin .ud. in bait .reaeneration rllfln.t.i't:,i:Dti, .

Human H.alth an4 Saf.ty Potential pai.oniD~ to PotenUal poi.olling to ,otenth¥..~t·~t!,i~r·9k.D No .ftect.
•11&11 ehUc1reo who ·ut , ••al1 ~hl14r'D if .hak• fiDf'rJ ·f,or··;tft'O•• who
l.rg. D~.r of pell.t. b.lt out 01 boxi. an4 bullle,.. th~~4 ::~ .

inlfut ..

Dellla.tia Doill Potential for panolling No potothl for No .Uect·,:::: No affect.
of 10.t or .tray dog. pai.oniD, of dog. ... ,
who ~on.~a 1.l'ge
nwnben of. "eUet. . ','..
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Appendix 11. National Park Service acceptance of environmental report.
. .

United Stat~s Department of the Interior
" NATIONAL PARK SERVICE
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FINDING OF NO SIGNIFICANT IMPACT: TEST BROADCAST RODENTICIDES TO
CONTROL RATS, HAWAI'. VOLCANOES NAT.lONA~PAR.!<. .

" e" .z. ~ ~~•.•_ •• : :!:
.. ~ .';'" ."•• ; : '.. 0.'"

PROPOSED ACTION

The proposed action will not .adversely affect cullural resoLirces.· The :or:J'Y pot~nlial' .
imp'act on cUltural resources is from digging s.inaU '(4 x ~ jn~) p~t fall traps t~ .~a~'ple
invertebrates. .These Will be filled in :after the: ~,tudy i·s. completed... Archt;!ological and '.
histo'neal resources are not- abundant ine:ither study. site.. Ali ardi~ologi$t wiii
accompany. the' researcher in'o~cating the pit fall. traps to assure that no features are
disturbed. The purpose of conducting the lests .is to monitor non -target or:ganisms to
determine if there are unforeSeen effects.

Other alteinaJive~ Ulat were corisidered were use· of.. diphacinone deliv~red in. bait
stations'. use. of :snap' traps. or no rat control. A more detailed description of the
proposed action. and .alt~matives is 'c¢Jntaiiied in the Eiivironmental Assessme~t (EA):

.Test Broadcast Rodenticicje ~Q ~on·troJ Rats. Hawafi.VOIcahoes Nationa/·Piirk.

WHY THE PROPOSED ACTION WILL NOT HAve A SIGNIFiCANT EFFECT ON THE'
ENVIRONMENT.. ". '.. .' .... -.. :'
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·The use of diphaclnone is not exPe'Ct~to pose-a'lhreat"lo'human health and safety. All
test areas will be sign~. and are sparsely used by the visiting public. The lethal dose of
diphaanone, for humans is, not ~efinitively known. -However. the thel"?peutic dose is
approxi.mately ~"pel~ts ,for ~n irnt~J dose 'and 3-7 pellets per day as a maintenance ­
dose. There is nodang~t.tohunters"pecaus~ game animals.are not present in the study
sites. likewise" hUl}ting dOg$ wnr not., bE! aff~cted. although stray dogs may be. A 30
pound dog would nee~~o ~g~t6S' pelle~ tQ r~ive aletha~ dose.

.The proposed 'adi~a~d ~u9'atiPnwiii:~Qt··a"~;e~ely a~ed natUral're~ources. Baiting is
ex~ed to .significantly redu.~ .rat"~~'~tioo.s;.· Alie'~ mongoos~ '!lay..be killed .by'the
bait. .Th~y are very sen~'todip~ci~ne.arid are-attracted to the ·bait in bait statioos.
No ~g~tive impa!=fS on v~~tion~. anticipated~ Mostlikety seedling establiShment
will be" ~Ohan~' by rat cOritrd. ~effeCts on s~ are expected to .~ sl1ort-ljYed.
Olph~n~ i$":tcildilY.ad~"by:orgaoic·nlatter. and not~~ be ~.i.". "It

~~;~1:.~e;~:':~~~~~~~;;~e="t5~~=:
Tt1e endangered .~~ HaW3a-ian Ha~_is: not:eXpecled to be impadecS by sc;3venging or

.preying "of feeding "on· rats..:.. Other. ra~·.etHltr()1 studies if) natural areas in Hawar.i have
demonsttated that c:tyin9.:.~ts eon~rilina\e'd by diphacinone are rapidly lOCated by
mammalian 'scavengers·. ~nd,~ ..bi· ~i8 iff th~r nests. M~ver.·lo are almost
exclusively. diurnal~ rats ~almost~dusivelynQClumal. ··10 may. alSo be' exposed
to 'diprnicinone by pre:yingon con~aled'birds. Pesticide" residues in several bird
species wil~ be analyzed in."e:~:~ch~ for·this poten~. ,RaolO coU~ and

. banded.·YQ in and arojJnd the-study. slt~ wiD also be'monitored during the study. "The
potenlial eff~. of.. diphacinone 00- ~1o"are discussed in g~ter detail 'in~~
available kom park·fiIeS on·section 7'ConsuitatiOn with the US rash "and Wild6fe Service·
(FW$). Toe BiologicS" OpiiliQn Qf the fWS 1$ Ulat Ule pn:ipoSed. study is not ~eIy to
jeop~d,ize the corjtiilued .~nce :01" lh~ '10 and" that the control. techniqes Will tJ$'
.bf:l1~figafto 'pthef er.~ngeie~~,"species. ',J"beFWS ~s presqib~ ~ and eo~tiOns
in·~e; ~fcfl.PSiea. ·~pmibrl"~~t.itI~ dOse..rJiQOiloring f~r signs of toXiq~ in ·10, .traqarig rat
rnPv~ent$~6~~~.O{~adb~~' _. ...... -.

Invertebrates are app~rentty litile affected by diphacinone. HOwever. effects·on s~leded
invertebrates mo.st BkelY. b;J .~. atfect~ wUl be assessed during the proposed study.
The ~ttractiVen~ 'of the baits and dip~cinone effects "on native pi~
O"rosophila, snails, and slugs will beeval~ted~ by laboratory and/or fie~ expeiin')ents by
checking mortality or 'pe~e residues. Effects of baiting an~. 'rat .control on .
invertebrate popuJa~Win' ci:lso be- evaluated 'by 'population monitoring. The potential
for 'hioaccunlulatiOn in birds Will be eValuated in the alien birds, kalij pheasan~n~ .
cardinal, and leiothriX. Which. may be' feeding on pellets or invertebrates feeding on
pellets. These 'species~"_b~fC01~ct~dand'~olebody analYsis carried out

Wildemess in ·0Ia'3 Will b~ "affeded 'by' the" presence of marked research plots and
transects. temporary pit faU .traps~ use t;>f ~·PestiCide. and use of ahelicopter to disperse
Ramik Green peliets. Ra.t ,control, along with: other restora~on strategies such as pig
control. were determined to be the minimum requirement for restoring the ecological
integrity of wilderness. and the proposed ,researg, methodoJogy was determined to be
the minimum tool to carry this out. The short-term noise and other wilderness effects
were deemed to be outweighed by the anticipated long-term"benefits to the ecological
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'integrity of wilderness.

PUBUC REVIEW

The comment period was from July 28 to ~eptember:-3. 1999. The draft~ was mailed
to 78 individuals. organizations. and government agencies. These included· bird hunting
and pig hunting clubs. conservation organizations, natural resource management

. ag~ncies, a" wildemess protection group. Nativ!! Hawaiian 'community leaders .and
organizations, adja~nt landowners, coml11unity groups. -.and biologists." Twenty-foor
responses ~re received by phone~. email. 9r letter.' Twenty" respondents explicitly
support~cl the proposal; three others found· no problems with analysis or the prQject; no"
respon~~nt objected 10 the pr~posal. - "A lJumber of concerns Were raised. especi~11y

from torlservation. biologists about. potential effects on invertebrates and birds. Or.

.:!~~~t1~:::=~~e:;~tt:fB·
pQpu~'tiOn of pieture-winged ·Dro~ophila. ~~ s~pplernent AIati~d~ ~,,~orir~!r'~":~it
attra~enessand population leve1s in the field "during the courSe of the ·studY. Dr. 'Grant
Gerrish felt· that the EA was defiqerit in infotmalion concen1ing .poten~ secondary
poisoning of native. birds. esp~ciany the '"To r,om preying on CC)Iltaminated bir¢; or rats.
Victor -Tanimoto. Entomolo9ist. . Department efland 'and Natural Resources. leli ttlere
was some need to test soils. and water. S~ve Hurt; President Big Island Bird Hunter's
ClUb. was 'concerned aboUt effects _of diphacinone on game birds such as turkeyS and
ple~antS that may move ·from treated areas to hunting areas and effects on owls. The
Concerns of Dr. Gerrish and Mr. Hurt are addressed by changes in the EA to clarify
testing.for pesticide.fe:.Sidues in birds" Dr.. Loojle. Dr..' Duv~lI. an~ Mr. Anderson felt
~t study sites should be larger to evaluate efficacY or control and impacts on non .
target species. especially birds, or that" the 1Q acre study site stage sh~dbe by passed
in favor mUle 50 acre study areas to expedite. the reSearch. The" 10 acre study site
stag~ is OOt ~~ig~ry ~ the park and BRD principal inves~tors wanted to.proceed
~~Ol,Jsty and~~ pot(:mtial impacts by starting in smaHer rese~ sites. Dr~
Duval'" 'alsO pointed· out· the $;~.s are incluc:Jed iO the grain bait and ~ve Q$l1'I'\inated
under wet. field conditions. Seeds that germinatect Inc:h.lded mii~t "and "'~CkWheat
Germination of seeds. in Rarnik Green pellets will be tested under opti~ cOnditions in
the greenhouse and. under field conditions. The germinating species :will be identifsed
and the fate of the. seedlings monitored' under field" conditions. The seven respOndents
who expressed concerns did not raise poin.t? which substantively altered the outcome of
the environmental impact analysis_
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Human Health and Safety Post warning signs; notify Chief of
known 'usergroJJPs; .Utilize Management!
lightly visited sites in park

'where no game 'anjmals are
present or hunting is taking
place

RESPONSIBILITY

e
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e
e,
e·.
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IMPACT CATEGORY

Aesthetics

Cultural Resources

Birds

Invertebrates

Wilderness

MITIGATION MEASURE

Remove all ' flagging. Chief of
markers. traps at end of Management
stu¢{ .

.Pit faU traps will be dug Chief" of
Whei1 ~Jogist present Management

. to avoid resources; Holes
will be fiDed in at end of
studY .
sample for pesticide Chief of

.res~ue in three alien bird Management
species and•. ' potentially
"others. iI1duding native
birds. if pesticide residues
,fOWld; Monitor "To .in and

-. "around test .sites using·
radio collared and banded
birds; Mor,itor (or dead
bi:rds in study areas and
adjacent ateas; Test for
peSticide" residue in. any
.~ad bird$ found
Conduct laborat.ory tests on Chief of

. bait attractiveness and Management
impacts of diphacinone on
picture-wing Drosophila
species;
Cond~ field test of bait
attraCtiveness arid pesticide
residue in sluas and snails
Remove aU markers and Chief of
other evidence research Management
when eompleted;MinimiZe
helicopter use to bait drops
ontv
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R.esources

Resources
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Plants Potential chewir:t9 on Chief of Resources
experimental plants of Management
endangered hau kuahiwi

"--

-com-perisated -oy .large
number of outplantings;
Germination of seeds in
Ramik Green pellets to be
tested under field ,

conditions
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. DETERMINATION

Based on infonnation contained in the Environmental Assessment as summarized abovCy the
nature of the comments received during the public review period. and the mitigation measUl'eS to
be taken, it is ~e detenniIiation of the NationalParlc Service that the proposed action would not
constitute a major federal action that would would significantly affect the human environment.
Therefo~ in compliance with the Nati~nal Environmental Policy Act ~gUla.tioDS, an

. Environmental Impact. Statement is not required and the proposed action as detailed ill the
Environmen sment JDaY be implemcot immediately.

'~-r-;:;:=~~~w----Dale W'
Parle

Approved by . r!t46;;;; Da;/~/5/99
--L.--f----~---..i..-----~:....--~....;;;..;.-.;;;;.-- , r.
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Appendix 12. Ramik® Green label.

NOT FOR SALE
FOR RESEARCH PURPOSES ONLY

SAME FORMULATION AS: RAMIK GREEN, EPA Reg. No. 2393-498

This product was manufactured at the request of and with the cooperation of USDA/APHIS. Hilo, HI;
Hawaii State Division of Forestry and Wildlife. Honolulu, HI; and National Park Servi~,U.S. Dept. of
Interior, Hawaii Volcanoes National Park. This product will be used according to Hawaii Department of
Agriculture Experimental Use Pennit Numbers EUP-99-Q I and EUP-99-o2.

Active Ingredient:
Diphacinone (2-diphenylacetyl-l.3-indandione) .•..•..•.0.005%
Inert Ingredients: .•. '" .....................•..............•....99.995%

Total.. .......•...•....•...•...• l00.000%
EPA. Est. No. 61282-WI-l

KEEP OUT OF REACH OF CHILDREN

CAUTION
PRECAUTIONARY STATEMENTS
HAZARD TO HUMAN AND DOMESTIC ANIMALS
CAUTION: Keep away from humans, domestic aniinals and pets. Ifswallowed, this product may reduce
the clotting ability of the blood and cause bleeding. .
NOTE TO PHYSICIAN: lfingested. administer Vitamin K.. intramuscularly or orally. as indicated in
bishydroxycoumarin overdose. Repeat as necessary based on monitoring ofprothrombin times.
IN ALL CASES OF HUMAN INGESTION IMMEDIATELY NOTIFY A PHYSICIAN.
ENVIRONMENTAL HAZARDS: This product is toxic to mammals and birds. Do not apply this product
directly to water or to areas where surface water is present.

STORAGE AND DISPOSAL
Do not contaminale water, food. 01 feed by storage or disposal.
STORAGE: Store only in ori~inaJ dosed container ill a cool. dry place inxcessible to cbildrca and petS. Store separately fiom
fcttilizlcr and away uomproducts with strong odors which may contaminate the bait and reduce acceptability. Spillage should be
carefidly swept up and collc::c1ed for disposal.
rES11C1J)~'DISPOSAL: Wastes resulting &om the ItSC of this product may be disposed oCon site or at an approved waste disposal
faCility.
I'LASllC CONTAINER DISPOSAL: Triple rinse (or equivalent). 1ben olrer for recycling 01' rcccmditioning, or puncture and
dispose oC in .·saDituy 'aRdfilJ. or, ifallowed by state and local authori6cs. by burning. Ifburned. stay out of smoke.
FIBER DRUMS WITH LINER DISPOSAL: Completdy empty liner by shaking and.lapping sides and bottom. Dispose ofJinu in
a sanilaly landfill or by incineration ifallowcd by stale and low authorities. 'lffiWi drum is eontan\inall:d,.punctun: and dispose olin
same manner; otherwise, offer dnJrn for recycling or reconditioning.
NOTICE OF WARRANTY: IT IS IMPOSSIBLE TO EUMINATE ALL RISKS JNH.E.P.ENTLY ASSOCIATED Willi nBS
PRODUCT. CROP INJURY. INEFFECTIVENESS, OR OlllER UNINTENDED CONSEQUENCES MAY RESULT BECAUSE
OF SUCH FAcrORS AS WEATI-IER. CONDITIONS, PRESENCE OF o11lE1l MATEIUALS. OR. 111£ MANNER. OF USE OR
APPLJCATION, AU. OF WHICH ARE BEYONQ THE CONTROL OF HACO, 1liE MANUFACTURER OR SElLER. IN NO
CASE SHALL HACO. TIlE MANUFACTURER OR. SELLER BE UAB1.,E FOR CONSEQUENTIAL, SPECIAL OR INDIRECf
DAMAGES RESULTING FROM 1lIE USE OR HANDUNG OF nus PRODUCT. AU. SUCH RISKS SHAlL BE ASSUMED
BY lHE BUYER.
EXCEPT AS EXPRESSLY PROVIDED HEREIN, HACO, THE MANUFACTURER OR SELLER MAKE NO WARRANTIES,
GUARANTEES. OR REPRESENTATIONS OF ANY KIND, EITHER EXPRESS OR fMPUED, OR BY USAGE OF TRADE.
STATUTORY OR OlHERWISE, WITH REGARD TO lHE PRODUCT SOLD, INCLUDING, BUT NOT UMITED TO,
MERCHANTABILllY, FJnffiSS FOR A PARTICULAR PURPOSE, USE OR ELIGIBILITY OF THE PRODUCT FOR ANY
PARTICULAR TRADE USAGE. BUYER'S OR USER'S EXCLUSIVE REMEDY, AND HAeo·s. THE MANUFACTURER'S
OR SELLER'S TOTAL UABILlTY, SHAll.. BE FOR DAMAGES NOT EXCEEDlNG TIlE COST OF THE PRODUCT.

FOR USE BY RESEARCHERS ONLY.

HACO, INC.-P.O..BOX 7190-MADISON, WI 53707
NET CONTENTS: 50 pounds (22,68 Kg,)
CODEUOO
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s~cno" IV - Fire and Explosion Hazard Data

NJA = Not f\valabte

PtodUd Name: RAMIK GREEN

<1.000

>98.995

WA

NfA

NlA

NlA

NfA

NlA

NlA

KIA

SEC110N II· PbysIRl1Cheiaicai Chanderistiu
KIA
SuIt Density=31-33~
NfA
NlA .
NlA
NlA
Slightly soluble.
Green extruded peDets with fcsh odor.

Emergency Phone Numbers: 608-221-6200 HAoo, INC.
608-233-5039 Mkl-WJSCOnSin Secutity
800-424-9300 CHEMTREC

D~p~ 100191 '.' '" , .' .
SEcTIoN Ii -H~fdO.·I~dientsnCfeiitJ.,Wofm~'.

~~
speti6c Cherriicallderitify OSHA PEL ACGlH TLV RecOmmended" lngi'.

o~~e2~

Sodium Saa:barin
{(;AS No. 128-44-9)

Inert tngrecrlel1b: (nort-bazaIdou&)
Grain.1aYorIng.~ NfA

Menufacture(s Name: HACO. INC.
537 AUas Avenue P.o. Box 7190
Medison, WlSC:Onsi'I 53707

EPA Reg1stra6on Number. 239M98
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. ..
llilS PRODUCT CONTAINS tHE FOLlOWlOO SUBSTANCE WHICH IS REGUlATED UNDER SARA. 11TlE III.
SECTION'313: None .

Appendix 13. Material safety data sheet.

RAMIK GREEN

SECTION'

MATERIAL SAFETY DATA'SHEET

Flash Pcmt NIP.
AamINlb1ly limb: VB.: WA lEl: NlA
&ting~ MedIa: fog or water spray, foam. caJbon aoxlde. dry chembal

~I rwe Flghling Procedures: Po\entialty hazardous in severe fire.
Weersef-contained bleathing apparatus. Heat from fire may cause decomposition with eYDIuUon of Io.W and
tniaUng fumes. Ifwa1er is used as an extinguishing media diking is required to keep (X)Otaminaled waterout of al
'watersURPIies.

Unusual Fire and Explosion Hazanis: None.

. Boi1ng Point .
~Gnw.Iy (w*r= 1)
Vapor PrMsure.(mrn Mgt
Vapor nenaa" (air=1)
MeIli'lg PoW:
E~Gon Ra\e (Butylketate=1)
SolJbt1ily In Water:
Appe;!rarK:e and Odor:
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RAMIK GREEN

SECTION V· Reactivity Data
Stabuily: This is a stable material.

Conditions to avoid: None known.

Incornpa1ibility (Materials 10 Avoij): None known.

Hazardous Decomposition Products: Aromatic deoomposition producb: CarbonMo~e. Carbon Dioxk1e. Water.

Hazatdou.s Polymerization: Doe3 not OGCUT.

Condlions 10 avoid:~ known.
SECTION VI- Health Hazard Data

Routes of Entry: 'nhalatlon? No.
Skin? No.
I~ion? Yes.

Health Hazar$ (Acu~.~~): Intml,ition of~ of P'-Q1hJombJn ~nd reduction of*tung of blood. Acut!
on.t L.05jt= 2..3 n9'k9 fOr'~he "feehnical al9B% AdNefngredient (EquMilent 10 46.000 mgIkgof~
Green)

Cardnogenicily: NtP7 S~11J is. eatK;tifate c:hetJibiI.
IARC Monogr;phs? Saccharin is a candidate chemical
OSHA Regulated? No.

Saccharin has been detemfJned~ cause cancer In Iaboralmy anlmata.

Signs and symptomsof~: Normal reactiort to antic:oagutant, i.e. nose bleed"mg. bleeding gums..

MedIcal Conditions GeneraJ1y Aggramed by Exposure: Bleed"ang and otherconditionswhich may be aggravated by
extended clotting lime.

EmergeJ'\'y and FJtst Aid PIoc:edures: INGESTION: For Iarge'doseswMhln preoedlrlg 2-3 hours 'lnducewmiting by
dri'1ki'lg 1 Of 2 glassM ot'waler and touctVlg back d Ihroalwfth mger. DO NOT induce Vomiting orgtve anything
by mOUIb to unoonsdous pegons. Cal PttjsIcian 1mmediatet1. AdminblratJon of·Vlamin K, combined with blood
1ra~sions, 1s Indicated a:s in.the~ d hemorrhage.caused by O"IItrdoge or bbhydrwcycoumarin (OicumaroO.

SEcnON VIII· CDftIroJ Measures
Respiratory Protection (specify~): Nor generally requi~
Venb1ation: Local Emaust? Notgenerally required.

Medlanbal(general)? Not generally requiTed.
Special? Not generally required.
Olhet'? Mot generaDy req\Jired.

Protective Gloves: None
Eye Protection: None.
Other PIOtediveClothing or Equipment Use clothing and equipment consistent with good pesticide handling and
application procedures.

WonuHygienic Practices: Wash thoroughly after handling product.

Page 162 of 224

e
e
e
e
e
e
e­e
e
e
e
e
e­e
e
e
e
e
e
e
e
e
e
e
e
e
e
e--e
e
e
e
e
e
e
e
e­e
•



e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e­e
e
e
e
e
e
e­e
•

RAMIKGREEN

SECTION IX - Cilnfomia Addendum (Propo$ition 65) Safe Drinking Water and
Toxic Enforcement Act of 1986

Thefollo~ specifIC wamlng~ ~re hereby gWen relative to subslancss that the state of Caliromia has identified as
calCiJogem antVor reproducWe hazards under Proposition 65:

tgJ WARNING: This produd contains achemical known to the State of Carlfomia to cause canoer. (Sod'IUm
Sacd1arin)

o WARNING: This product contains a chemical known to the Slate of CaJifomia 10 cause birth defects or other
reprod~hann.

SEC110N X· SARA TITlE III HAZARD CATEGORY:
Far ReportiDv Undersectiom 311 & 312

Immediala -lisL Delayed Yes rife~
ReacUYe No ~~cJ.J:'~",", .. No

S~QTKJ.~·J.CI·. shjppiRg'lftfoim41li6ii
D.O.T.~~ NotD.Q_"',~~
Bi8,,)ll~'~ V~Extemma~'NOJ .

AI.lmrma6on Q)ntained In the Material safety Data Sheet Is furnished free ofcharge and Is intended far your
evafuatbL In ouropinion 1he inIOnnaIion is. as~ the dale of this MaleriaI Safety Data Shed, reIabIa. howeYer, It Is
yout ItsponstJilly b de:letmine the suiabiIity of the Wormaffcn b yow~ You are acM£8d not to cot'1$We the
infomJaIion as abaoIuIety c:ompIete ~1noe addiionaI in1onnation~be necessary ordesnbID when pat1icutar.
~ orva1able amditiona or~·exiStorbecause of~ laws argavemment regulations.
Therefore., you shoUJd Ule Ih~ rnrcnnaaon only as a $UpJlIematt to other inbnnatfon gathefd byyou and you must
make i1dependent determinations of the auIabity and completeneSs~ Ihe inJormaCion ftorrt iii SOUfCIeS eo assute both
properUl!e of &he malertal desai>ecI helein and the..., and t1l!tald'lof e;mpby'eea. AcooIdhlQly. no guarantee
~~or implied Is made by HAeo, INC. as to !he reaults.kJ be obtd'led based upon your,use of the informaUon
ncr does HACO. INC.~ atr1 Jiablty &rising outot~use of Ihe inbmation. .
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Appendix 14. End use product tracking fonn for Ramik® Green bait.
e
e
e

Date Description Quantity -Quantity-- Initials- e
used (lb) remain (lb) e8-Jul-1999 Received 2038lb from RACCO, stored Bldg 216, BRD 2038.00 CFP

7-0ct-1999 Used 7680 baits Olaa TR 16, 1st half application #1 100 1938.00 CFP e
7-0ct-1999 Used 30 baits for bait monitoring Olaa TR 16 0.4 1937.60 CFP e

12-0ct-1999 Used 7680 baits Olaa TR 16, 2nd half application #1 100 1837.60 CFP e8-Dec-1999 Used 7680 baits Olaa TR 16, 1st half application #2 100 1737.60 CFP e8-Dec-1999 Used 20 baits for bait monitoring Olaa TR 16 0.25 1737.35 CFP

10-Dec-1999 Used 40 baits for freezer degradation study 0.5 1736.85 CFP e
14-Dec-1999 Used 7680 baits Olaa TR 16, 2nd half application #2 100 1636.85 CFP e
25-Jan-2000 Sent 50 baits (294 g) to Genesis for residue analysis 0.65 1636.20 CFP e27-Jan-2000 Used 7680 baits Kipuka Ki, 1st half application #1 100 1536.20 CFP
27-Jan-2000 Used 30 baits for bait monitoring Kipuka Ki 0.4 1535.80 CFP e
1-Feb-2000 Used 7680 baits Kipuka Ki, 2nd half application #1 100 1435.80 CFP -8-Feb-2000 Used 7680 baits Olaa TR 16, 1st half application #3 100 1335.80 CFP e8-Feb-2000 Used 20 baits for bait monitoring Olaa TR 16 0.25 1335.55 CFP

11-Feb-2000 Used 50 baits for germination experiment 0.65 1334.90 CFP e
14-Feb-2000 Used 7680 baits Olaa TR 16, 2nd half application #3 100 1234.90 CFP e
12-Apr-2000 Used 7680 baits Olaa TR 16, 1st half application #4 100 1134.90 CFP e12-Apr-2000 Used 20 baits for bait monitoring Olaa TR 16 0.25 1134.65 . CFP
17-Apr-2000 Used 7680 baits Olaa TR 16, 2nd half application #4 100 1034.65 CFP e
14-Jun-2000 Used 7680 baits Olaa TR 16, 1st half application #5 100 934.65 CFP e14-Jun-2000 Used 20 baits for bait monitoring Olaa TR 16 0.25 934.40 CFP e19-Jun-2000 Used 7680 baits Olaa TR 16, 2nd half application #5 100 834.40 CFP

5-Jul-2000 Used 7680 baits Kipuka Ki, 1st half application #2 100 734.40 CFP e
5-Jul-2000 Used 20 baits for bait monitoring Kipuka Ki 0.25 734.15 CFP e

10-Jul-2000 Used 7680 baits Kipuka Ki, 2nd half application #2 100 634.15 CFP e21-Jul-2000 Gave 2 boxes (l00 lb) to P. Dunlevy, APHIS 100 534.15 CFP
31-Aug-2000 Used 7680 baits Olaa TR 16, 1st half application #6 100 434.15 CFP e
31-Aug-2000 Used 20 baits for bait monitoring Olaa TR 16 0.25 433.90 CFP e5-Sep-2000 Used 7680 baits Olaa TR 16, 2nd half application #6 100 333.90 CFP e25-0ct-2000 Used 7680 baits Kipuka Ki, 1st half application #3 100 233.90 CFP
25-0ct-2000 Used 20 baits for bait monitoring Kipuka Ki 0.25 233.65 CFP e
30-0ct-2000 Used 7680 baits Kipuka Ki, 2nd half application #3 100 133.65 CFP -8-Nov-2000 Received 10 boxes from RACCO, stored Bldg 216 633.65 CFP e9-Nov-2000 Used 7680 baits Olaa TR 16, 1st half application #7 1UO 533.65 CFP
9-Nov-2000 Used 20 baits for bait monitoring Olaa TR 16 0.25 533.40 CFP --13-Nov-2000 Received 22 boxes from RACCO, stored Bldg 216 1633.40 CFP e

15-Nov-2000 Used 7680 baits Olaa TR 16, 2nd half application #7 100 1533.40 CFP e18-Jan-2001 Used 7680 baits Olaa TR 16, 1st half application #8 100 1433.40 CFP
18-Jan-2001 Used 20 baits for bait monitoring Olaa TR 16 0.25 1433.15 CFP e
22-Jan-2001 Used 7680 baits Olaa TR 16, 2nd half application #8 100 1333.15 CFP e

19-Mar-2001 Used 7680 baits Olaa TR 16, 1st half application #9 100 1233.15 CFP e19-Mar-2001 Used 20 baits for bait monitoring Olaa TR 16 0.25 1232.90 CFP
23-Mar-2001 Used 7680 baits Olaa TR 16, 2nd half application #9 100 1132.90 CFP e

e
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19-Apr-200l Removed 60 baits for measuring, then returned them
8-May-2001 Sent 72 baits to RACCO for analysis

24-May-200l Used 7680 baits Olaa TR 16, 1st half application #10
24-May-200l Used 20 baits for bait monitoring Olaa TR 16
29-May-200l Used 7680 baits Olaa TR 16, 2nd half application #10

26-Jul-200l Gave 20 baits to R. Sugihara, APHIS
23-Aug-2001 Used 7680 baits Olaa TR 16, 1st half application #11
23-Aug-2001 Used 20 baits for bait monitoring Olaa TR 16
27-Aug-200l Used 7680 baits Olaa TR 16, 2nd half application #11
17-Dec-200l Used 7680 baits Olaa TR 16, 1st half application #12
17-Dec-200l Used 20 baits for bait monitoring Olaa TR 16
19-Dec-200l Used 7680 baits Olaa TR 16, 2nd half application #12

8-Jan-2002 Sent 477.39 g to Genesis Lab for analysis
2-Apr-2002 Sent 378.757 g to Genesis Lab for analysis

Initials:
CFP = Charlotte Forbes Perry
DF = David Foote
IS = Bana Stout

Page 165 of 224

0.95
100

0.25
100

0.25
100

0.25
100
100

0.25
100

1.05
0.84

1132.90 DF
1131.95 IS
1031.95 CFP
1031.70 CFP
931.70 CFP
931.45 CFP
831.45 CFP
831.20 CFP
731.20 CFP
631.20 CFP
630.95 CFP
530.95 CFP
529.90 CFP
529.06 CFP



CERTIFICATE OF ANALYSIS

Appendix 15. RACCa certificates of analysis of Ramik® Green bait.
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qt qIOl..
Date

0.0051

% DIPHACINONE
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125218

Product: Ramik Green 3~'"

Date ofManufacture: May 1999
Date Analyzed: May 1999

LOT NUMBER

~
Research Chenust .

10 i ields
Q; 'ty Control Lab Teclmician

fEJ---M-an-u-,a·c-turi·~-g·p-,~·n-t_C_C__O_-._.I·R·~-I$·~·li·.o·:·o·m-ce---------
110 Hopkins Drive P.O. Box 7190 (53707)
Randolph, WI 53956·1316 5900 Monona Dr.
(920) 32&·5141 Water Tower Place, Suite 200
FAX (920) 326·5135 Madison, WI 5371 &

(60B) 221-6200 • FAX (608) 221-7380



CERTIFICATE OF ANALYSIS

fDJ--M-a-nu-,,-ac-tu-ri~-r1-p-/~-nr-C-_C_O_-,_I-R-~-·,-.stra-
C
-60-:-Offj-'ce---------

110 Hopkins Drive P.O. Box 7190 (53707)
Rando'ph, Wl53956-1316 5900 Monoml Dr.
(920) 326-5141 Waler Tower Place, Suite 200
FAX (920) 326-5135 Madison, WI 53716

(608) 221-6200· FAX (608) 221-7380

9/Q/02-
Date

0.0051

% DIPHACINONE
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144548

Product: Ramik Green :y,."
Date of Manufacture: September 2000
Date Analyzed: September 2000

LOT Nl.Th.1BER

~~:i)
Research Chemist
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CERTIFICATE OF ANALYSIS

fEJ---M-ilnU-fil-t:tu-...H_g~-t~-t_C_C_O_._I-~-el1-n~-tJ,-~-Offic-e------
110 Hopkins Drive P.O. Box 7190 (53707)
Randolph, WI 53956-1316 5900 Monona Dr.
(920) 326-5141 Water Tower Place. Suite 2DO
FAX (920) 326-5135 Madison. WI 53716

(608) 2211200 • FAX (608) 221-7380

Product: Ramik Green %"
Date ofManufacture: September 2000
Date Analyzed~May 2002

LOT NID.1BER

144548

~.~
J . Fields
;;:YC:ntrol Lab Technician

~~MaryAnn 0 S .~
Research Chemist

% DIPHACINONE

0.0044

q,...Q"'{)2-
Date

!j/q/oz-
• Date
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Appendix 16. Malkov and Mach (2002), Genesis Laboratories report.

. FINAL REPORT

STUDY TITLE

Secondary Toxicity Examination ofAvian Species on Fields Treated
With 0.005 % Diphacinone Bait

DATA REQUIREMENTS

Subdivision E: Hazard Evaluation Wildlife and Aquatic Organisms
OPPTS 850.2500, 71-5

AUTHORS

Vadim Malkov
Jeff J. Mach, Study Director

PERFO~INGLABORATORY

Oenesis Laboratories, Inc.
10122 N.E. Frontage Road

Wellington, CO 80549

STUDY COMPLETION

July 25, 2002

STUDY NUMBER

00005

SPONSOR

U.S.O.S. Biological Resources Division
Pacific Island Ecosystem Research Center

Kilauea Field Station
P.O. Box 44/Bldg. 344

Hawaii Volcanoes National Park, HI 96718
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No claim of confidentiality is made for any information contained in this study on the basis of its
falling within the scope ofFIFRA 10 (d) 1(A), (B), or (C).

00005 Genesis Laboratories, Inc.

STATEMENT OF NO DATA CONFIDENTIALITY CLAIM

Date
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The study contained herein, 00005, was conducted in accordance with requirements of Title 40, Code
of Federal Regulations, Part 160, Good Laboratory Practice Standards as published by the U.S.
Environmental Protection Agency, Office ofPesticide Programs.

GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT
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Date
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Genesis Laboratories, Inc.00005

Sponsor Submitter:

Sponsor Representative:

Study Director:

e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e­e
CIt
e
e
e
e
e
e
e
e
e
e
e
e­e
e
e
e
e
e
•I)
e
e
e
•



The study, 00005, was monitored by the Quality Assurance Unit of Genesis Laboratories, Inc. In
order to evaluate the study 00005 in terms of compliance with Title 40, Part 160 of the Code of
Federal Regulations, Good Laboratory Practice Standards, the study was inspected at different critical
phases. The dates of inspections ,are listed below. The report describes the methods and procedures
used in the study and the reported results accurately reflect the raw data ofthe study.

Inspection Inspection Date Submitted to Date Submitted to
Phase Date Study Director Management

Protocol 01/25/00 01/25/00 01/26/00

Method Validation and "
Concentration 03/27/00 03/27/00 03/31100
Verification

Raw Data 04/13/00,04/14/00 04/14/00 04/19/00

Removal ofLivers 04/27/00 04/28/00 04/28/00

Liver Extraction 05/03/00 05/03/00 05/08/00

Raw Data Review OS/24/0_0 OS/24/00 06/08/00

Concentration
05/30/01 05/30/01 06/01/01

Verification Analysis
Bait Extraction for

01/16/02 01/17/02 01117/02
Analysis

Liver Removal and
01/17/02, 01/18/02 01/24/02 01/24/02

Extraction

Bait Extraction Data 01/29/02 01/29/02 01130/02

Review ofAnalytical
02/26/02 . 02/26/02 02/27/02

Data

Draft Report 04/04/02 04/04/02 04/05/02

Final Report 06/06/02 06/06/02 06/12/02

QUALITY ASSURANCE STATEMENT
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Genesis Laboratories, Inc.00005

Karen L. March
Quality Assurance Unit Manager



There were no known circumstances that may have adversely affected the quality or integrity of the
data.

All raw data, test substance samples relating to the study, a copy of the original final report, all
written communications between Genesis Laboratories, Inc. and the sponsor, and Standard Operating
Procedures (SOPs) are kept in the archives ofGenesis Laboratories, Incorporated.
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Date

Laboratory Technician

Study Director (03/24/00 - 09/19/00)

Study Director (02/08/00 - 03/24/00)

Laboratory Technician

Laboratory Technician

JOB TITLE

Chemist

Study Director (09/19/00 - present)

Genesis Laboratories, Inc~

STATEMENT OF STUDY INTEGRITY

Jeff. ac

LOCATION OF RAW DATA, TEST SUBSTANCE SAMPLES,
AND FINAL REPORT

GENESIS LABORATORIES PERSONNEL INVOLVED IN STUDY 00005

00005
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Study Director:

PERSONNEL

Chris Gates

JeffBorchert

John Baroch

Valerie L. Fuhnnan

Vadim Malkov

Ronald J. Harkrader

JeffJ. Mach
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TEST SUBSTANCE: Ramik Green Bait Pellets

INVESTIGATED TISSUE: Animal Liver

STUDY DIRECTOR: JeffJ. Mach

ACTIVE INGREDIENT (CAS #): Diphacinone (82-66-6)

Page 7 of31

EXECUTIVE SUMMARY

Genesis Laboratories, Inc.
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The concentration of diphacinone in four shipments of the Ramik Green Bait
was determined to be 46.4 ± 1.2 ppm (00-TS-02), 49.1 ± 1.2 ppm (01-TS-08),
40.3 ± 2.2 ppm (02-TS-OI), and 52.0 ± 1.1 ppm (02-TS-06). Three shipments
of birds and other small animals were analyzed for presence and content of the
residual diphacinone in their livers. The analysis of 20 birds from the initial lot
received 03/29/00 showed a presence of diphacinone in 4 birds: #37, 44, 47
(Red-Billed Leothrix), and #33 (Kalij Pheasant) in the amounts 0.66, 0.33,
0.70, and 0.09 ppm, respectively. The second analyzed lot consisted of 11
birds, which were logged in as test substances 02-TS-02 A - K. Residual
diphacinone was found in 7 birds from this lot, such as: #6, 8, 15 (Red-Billed
Leothrix), #11, 16 (Northern Cardinal), and #24, 25 (Kalij Pheasant) in the
amounts 1.25, 1.34, 0.74, 0.13, 0.08, 0.12, and 0.18 ppm, respectively. The
analysis of the third lot (02-TS-07 A - C) discovered a presence of the analyte
in every liver: #24 (Northern Cardinal) - 0.39 ppm, #36, 37 (House Mouse) ­
2.39 and 1.75 ppm, respectively.

00005

RESULTS:

GENESIS LABORATORY
STUDY NUMBER: 00005

PERFORMING LABORATORY: Genesis Laboratories, Inc.
10122 N.E. Frontage Road
Wellington, CO 80549

STUDY SPONSOR: U.S.G.S. Biological Resources Division
Pacific Island Ecosystem Research Center
Kilauea Field Station P.O. Box 44/Bldg. 344
Hawaii Volcanoes National Park, HI 96718

STUDY TITLE: Secondary Toxicity Examination ofAvian Species on
Fields Treated With 0.005 % Diphacinone Bait

STUDY INITIATION: 02/08/00

EXPERIMENTAL
START DATE: 04/04/00

EXPERIMENTAL
TERMINATION: 02/05/02

STUDY COMPLETION: 07125102
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TEST METHODS AND MATERIALS

DIPHACINONE CONCENTRATION VERIFICATION IN BAIT

TEST SUBSTANCE DESCRIPTION AND IDENTIFICATION

DETERMINATION OF DIPHACINONE IN ANIMAL LIVER
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The diphacinone concentration in the Ramik Green Bait Pellets was determined using the validated
method GL # 82-66-6-4, which included extraction of the active ingredient by refluxing a ground bait
sample with 50.0 mL of the HPLC mobile phase. Then the analyte concentration was determined
using a high perfonnance liquid chromatography (HPLC) that employed a reversed phase column and
UV detection. The method was validated for the .concentration range 2.39 - 19.1 J.1g1mL with the
following parameters: Mean R2

= 0.99970 ± 0.00023, Fortified Sample Recovery = 103 ± 7.5 %,
Sample CV = 7.27 %, Limit of Detection (LOD) was determined as a triple standard deviation for six
consecutive injections of the lowest standard (2.39 flg/mL), and was 0.10 flg/mL. Limit of
Quantitation (LOQ) was determined as the standard deviation multiplied by 10, and was 0.34 flglmL.
LOD and LOQ were detennined to be 1.00 and 3.40 ppm for 5-g sample, respectively. HPLC mobile
phase and extraction solution consisted of 55 % acetonitrile and 45 % aqueous tetrabutylammonium
phosphate (IPC A reagent) with pH = 6.9 ± 0.1.

Page 176 of 224

The residual concentration of diphacinone in the liver was determined by the validated method GL #
86-66-6-5, which consisted of diphacinone extraction, using a common extraction procedure, and
then determination of the active ingredient concentration by a high performance liquid

Genesis Laboratories, Inc. (GL) received from the Sponsor four parts of the Ramik Green 'Bait
Pellets, packed in plastic bags (ZipLock bag). The first part (00-TS-02, Lot #125128) was received on
January 28, 2000, and contained approximately 300 g of the test substance. The second part (Ol-TS­
08, Lot #144548) was received on May 5, 2001, and contained approximately 550 g of the test
substance. The last two parts were received on January 9, 2002 (02-TS-Ol, Lot #144548), and
January 31,2002 (02-TS-06, Lot #144548), and contained approximately 500 g of the test substance
each. The active ingredient for each part of the test substance was diphacinone, 0.005%. All the bait
was stored in designated storage.

Also, the Sponsor sent, and Genesis Laboratories, Inc. received three shipments of frozen animal
carcasses stored in ZipLock bags. The first shipment was received on March 29, 2000 and contained
20 numbered birds' carcasses, which were used under their numbers. Other two parts were received
on January 9, 2002 (02-TS-02 A - K), and January 31, 2002 (02-TS-07 A - C). All the received
carcasses were stored in a freezer.

Every shipment was accompanied with a chain ofcustody fonn.

INTRODUCTION

The purpose of this study was to determine and verify concentration of the diphacinone bait test
substance (Ramik Green Bait Pellets), which contains the active ingredient - diphacinone (CAS # 82­
66-6), and detennine the concentrations of test substance in animal species exposed to 0.005%
diphacinone bait during the test period, using Good Laboratory Practice Standards (GLP). The study
initiation date was February 8,2000 and the experimental termination date was February 5, 2002.



CONCLUSIONS

DETERMINATION OF DIPHACINONE IN ANIMAL LIVER

RESULTS AND DISCUSSION

DIPHACINONE CONCENTRATION VERIFICATION IN BAIT

Page 9 of31GenesisLaboratories, Inc.00005

The concentration of diphacinone in the bait was verified and determined to be in generally
acceptable range (80 - 120% recovery). Thirty four samples of animal livers were analyzed and no
diphacinone was found in 20 liver samples of the birds. The presence of the active ingredient was
found in 14 liver samples - 12 birds and 2 mice, and among them 4 samples (2 birds and 2 mice) had
the reliably quantifiable concentration of diphacinone (higher than the Limit of Quantitation),

Total number of animal livers analyzed for diphacinone was 34 samples. Among the liver samples
were 32 samples from birds and 2 samples from mice. Twelve birds' and both mice livers contained
residual amounts of diphacinone, and no diphacinone was found in 20 liver samples of the birds. The
concentration of diphacinone in the birds from the first shipment - #37, 44, 47 (Red-Billed Leothrix),
and #33 (Kalij Pheasant) was determined'as 0.66, 0.33, 0.70, and 0.09 (mean) ppm, respectively. A
presence of residual diphacinone was found in 4 birds from the second shipment (02-TS-02), such as:
#15 (Red-Billed Leothrix), #11, 16 (Northern Cardinal), and #24, 25 (Kalij Pheasant) in the amounts
0.74, 0.13, 0.08, 0.12, and 0.18 ppm, respectively. The analysis of the third shipment (02-TS-07)
discovered the similar level of the analyte concentration in the liver of bird #24 (Northern Cardinal) ­
0.39 ppm. All the mentioned above concentrations were lower than the average LOQ (0.96 ppm);
therefore the amount of diphacinone was not reliably quantifiable, and has to be concluded as a
presence ofthe contaminant.

As for the other birds from the test group 02-TS-02 - #6, 8 (Red-Billed Leothrix) - 1.25 (mean) and
1.34 ppm, as well as for both mice samples (02-TS-07B,C - #36, 37 House Mouse) - 2.39 and 1.75
ppm, the concentrations were higher than LOQ, hence quantifiable, and the samples are considered to
be obviously contaminated with diphacinone.

Detailed results of the analyses are presented in the Appendix II, Table 2.
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Every shipment of received Ramik Green Bait was analyzed for verification of diphacinone
concentration. The concentration was found to be in the acceptable range for the test substances 00­
TS-02, 01-TS-08, and 02-TS-06 (98.3 ± 5.6 % recovery). The concentration ofdiphacinone in the test
substance 02-TS-Ol was determined to be 80.6 % of theoretical that is slightly low. Detailed results
ofthe analyses are presented in the Appendix II, Table 1.

for the concentration range 0.07 - 0.96 Jlg/mL with the following parameters: Mean R2 = 0.99106 ±
0.00313, Fortified Blank Recovery = 81 ± 4%, Sample CV =4.9%, LOD = 0.06 JlglmL, and LOQ=
0.16 Jlg/mL. Pure acetonitrile was used for the primary extraction of diphacinone (agitated in the
Wrist Action Shaker), then the collected solution was vaporized under vacuum to dryness and the
residue was dissolved in 3.0 mL ofthe HPLC mobile phase. For an average liver sample mass of 0.5
g, the LOQ was determined to be 0.96 ppm (LOQ = 0.16 Jlg/mL x 3 mL / 0.5 g).

­e
e
e
e
e
e
e
e
e
e
e
e­e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e­e
e
e­e­e­e
e
'e•



00005 Genesis Laboratories, Inc.

APPENDIX I

PROTOCOL,

AMENDMENTS AND DEVIATIONS
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AUTHOR

SPONSOR
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PROTOCOL

STUDY NUMBER

STUDY TITLE

Genesis Laboratories, Inc.
10122 N .E. Frontage Road

Wellington, CO 80549

Ronald J. Harkrader, Ph.D.
Study Director

DATA REQUIREMENTS

PERFORMING LABORATORY

U.S.G.S. Biological Resources Division
Pacific Island Ecosystem Research Center

Kilauea Field Station
P.O. Box 44/Bldg. 344

Hawaii Volcanoes National Park, Hawaii 96718

Subdivision E: Hazard Evaluation Wildlife and Aquatic Organisms
OPPTS 850.2500

71-5

Secondary Toxicity Examination of Avian Species on Fields Treated
With 0.005 % Diphacinone Bait

e
e
e
e
a .0.0005., ~~ ~G~e~ne~si~s~La~b~on~at~or~ie~s,~Jn~c~..~ ~~~~• Page 11 on1

e
e
e
e
e
e
e
e
e
e
e
e
e
e­e
e
e
e­e­e
e
e
e
e
e
e
e
e
e
e
e
e--•



LABORATORY PERFORMING ALL EXPERIMENTATION IN TIllS PROTOCOL:

PROTOCOL ACCEPTANCE, SPONSOR
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Date
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~

00005

Diphacinone

0.005% Diphacinone Bait

None Assigned

Genesis Laboratories, Inc.

Genesis Laboratories, Inc.

PROTOCOL ACCEPTANCE
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fA .2/14,1/ 9) .~'---__
Gerald Lindsey =oj
U.S.G.S. Biological Resource Division
Pacific Island Ecosystem Research Center
Kilauea Field Station
Hawaii Volcanoes National Park, Hawaii 96718

Genesis Laboratories, Inc.
10122 N.E. Frontage Road
Wellington, Colorado 80549

Active Ingredient:

EPA Registration Number:

Study Number:

Product:

00005
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TEST SUBSTANCE DESCRIPTION

PROPOSED EXPERIMENTAL START AND TERMINATION DATES
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Any unused product will be returned to the Sponsor for proper disposal or recycling. The
Sponsor must prepare accordingly.
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Genesis Laboratories, Inc.

It is also understood that the Sponsor must provide analytical standards or designate
Genesis Laboratories, Inc. as the party in charge ofobtaining the appropriate analytical
standards. The accompanying documents must include purity, lot number, storage
requirements, and an expiry date.

As referenced in 40 CFR 160.105, the Sponsor is responsible for detennining and
documenting the identity, strength, purity and composition, certificate of analysis, or
other characteristics which will appropriately define the test substance before its use in
this GLP study. Methods of synthesis, fabrication, or derivation of the test substance
shall be documented by the Sponsor and the location of such docmnentation shall be
specified.

The test substance samples shall be labeled with product name, EPA registration number
or CAS number, lot number ifavailable, storage requirements, expiry date ofthat lot, if
known, and date of synthesis or fabrication. A MSDS for the test substance must
accompany the sample.

The test substance shall be one (1) lot of0.005% by weight Diphacinone Bait. It will be
supplied by the Sponsor. It is the responsibility ofthe Sponsor to provide approximately
100 g of the test substance. The test substance must be representative ofthe commercial
lots or batches.

INTRODUCTION AND PURPOSE

It is proposed that this GLP study be conducted from January 27, 2000 to November 1,
2000. The actual da~es will be specified in the final report.

The purpose ofthis study is to determine and verify the concentration ofthe diphacinone
bait test substance, which contains the active ingredient, diphacinone (CAS NO.: 82-66­
6) and determine the concentrations of test substance in avian species exposed to 0.0050/0
dipbacinone bait during the test period, using Good Laboratory Practice Standards (GLP)
in support ofthe registration of the product under 40 CFR 158.145. The manufactured
lot number and formula number will be specified in the final report.
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Evaluation ofAvian Species
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The final report will include a summary ofthe avian species tested, the concentration of
diphacinone residue found in the bird and a summary ofthe limits ofthe method used to

The diphacinone bait test substance used in the field study will be analyzed tor
diphacinone concentration to determine the actual concentration of the active ingredient
in the test substance.
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Page 50£8Genesis Laboratories, Inc.

Genesis Laboratories, Inc.

Pesticide Assessment Guidelines
Subdivision E: Hazard Evaluation Wildlife and Aquatic Organisms

SUl\1MARY OF EXPERIMENTATION TO BE PERFORMED

All avian carcasses will be weighed prior to analysis ofselect tissues from the bird. The
bird will then be thawed and selected samples from tbebird will be removed and
subjected to chemical extraction, and concentration techniques to isolate dipbacinone
from the tissues. AU methods and their appropriate validation will be made according to
the current version ofGenesis Laboratories, Inc. SOP AN-2. A full report of the
analytical methods used for residue diphacinone in avian tissues will be made in the final
report.

Avian Species which are recovered during the diphacinone field testing period which are
dead will be shipped frozen to Genesis Laboratories, Inc. for evaluation ofdiphacinone
related deaths. Genesis Laboratories will develop a method for the analysis of liver and
other soft tissues removed from the avian species to.determine the concentration of
diphacinone in the avian species. The avian tissues tested for the active ingredient will be
reported in the final report.

The diphacinone concentration in the bait will be analyzed u.."ing High Performance
Liquid Chromatography (HPLC). After the extraction ofthe diphacinone bait in a
suitable solvent such as methanol, the samples will be shaken and then centrifuged. The
supernatant will be decanted from the solid and transterred to Class A volumetric
glassware. The extraction will be repeated one additional time. The supernatant will be
transferred to the same Class A volumetric glassware and brought to volume with
methanol. A sample will be filtered and analyzed by HPLC using diphacinone analytical
standards to compare the sample concentration to a known concentration. All methods
will be validated according to the current version ofGenesis 4lboratories, Inc. Standard
Operating Procedure (SOP) AN-2 and the details ofthe method used, including
calculations, will be reported in the final report.

CONCENTRATION VERIFICATION

00005
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DATA RECORD KEEPING

AMENDNffiNTS TO THE PROTOCOL

Page 184 of 224

Upon completion of the study, a complete study report, including copies ofrepresentative
raw data, will be submitted to the Sponsor. A complete and accurate study file, including
all original raw data will be archived at Genesis Laboratories for permanent storage.
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AU original data generated in support ofthis GLP study will be documented according to
Genesis Laboratories Standard Operating Procedures. All data will be verified and
maintained in folders in the raw data file. Other comments, descriptions, calculations,
correspondence, and other study related documents will also be placed in the raw data
file.

All protocol amendments will be expressed in writing and will be signed and dated by the
Study Director. Amendments will usually be issued prior to the initiation ofprotocol
change. However, when a change is required without sufficient time to issue a written
amendment, the change may be communicated verbally by the Study Director to the
Sponsor_ The verbal notice will be followed with a written amendment as soon a~

possible. In this case, the effected date of the written amendment will be the date of the
verbal change. The procedure is detailed in the current revision of SOP 81-3. Copies of
all signed amendments will be appended to the final report.

The diphacinone residue in the avian species will be reported based upon the sample
and/or species weight. The sample values will be adjusted for individual weights and the
purity ofthe analytical standard. No adjustment will be made for residue analysis
method recovery (bias). The concentration of dipbacinone residue will be reported as the
weight percent. All evaluations will include an evaluation ofthe limit ofdetection and
limit ofquantitation for the analysis method. All calculations and statistical methods will
be detailed in the final report.

detennme the residue in the animal including the limit ofdetection and limit of
quantitation

The active ingredient concentration found in the bait will be determined by interpolation
ofa linear regression relationship generated from analytical response factors. The sample
values will be adjusted for individual sample weights and purity ofthe analytical
standard. No adjustment will be made for method recovery (bias). The concentration of
the active ingredient will be reported as the mean (w/w) percent plus or minus one
standard deviation unit.

00005
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SAFETY AND HEALTH

GLP STATEMENT

FINAL REPORT

F. A description ofthe methods used.

Page 17of3l
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E. Stability and, when relevant to the conduct ofthe study, the solubility of the test,
control, and reference substances under the conditions of administra~ion.

c. Statistical methods employed for analyzing data.
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D. The test, control, and reference substances identified by name, chemical abstract
service (CAS) number, code number, strength, purity, and composition or other
appropriate characteristics.

B. Objectives and procedures stated in the approved protocol, including any changes
to the original protocol.

A. Name and address ofthe facility performing the study and the dates on which the
study was in initiated, completed, terminated, or discontinued.

All laboratory personnel have been trained according to OSHA regulations and practice
these guidelines throughout the course ofexperimentation. The Sponsor, however, must
provide all pertinent Material Safety Data Sheets for the test substance and all active
ingredients in the study. The Material Safety Data Sheet will be available to all personnel
involved in the study.

This GLP study will be conducted in accordance with the Regulations ofGood
Laboratory Practice Standards 40 CFR 160, set forth in the Genesis Laboratories
Standard Operating Procedures. These SOPS are available for inspection.

QUALITY ASSURANCE

00005

The study will be monitored by an independent Quality Assurance Unit (QAU). All raw
data and the final report will be audited to ensure compliance with Good Laboratory
Practice Standards. An independent QAU will verifY all data for accuracy and adherence
to this protocol.

.The Study Director at the conclusion ofthe analysis will prepare a draft report. After
receipt ufthe Sponsor's comments, a:final report will be prepared by the Study Director.
The report will include, but not necessarily be limited to, the following.
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A confidentiality statement worded by and to be signed by the Sponsor.

The statement prepared and signed by the Quality Assurance Unit.

The location where all specimens, raw data, and the final report are to be stored.
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A statement signed and dated by the Study Director indicating that the study was
conducted in compliance with 40 CFR 160, Good Laboratory Practice Standards,
and all parts ofthe study done outside compliance with these regulations ,vill also
be reported.

The signed and dated reports of each of the individual scientist or other
professionals involved in the study~ including each person who, at the request or
direction ofthe testing facility Sponsor, conducted an analysis or evaluation of
data or specimens from the study after data generation was completed.

A description ofall circumstances that may have affected the quality or integrity
ofthe data.

A description of the transformations, calculations, or operations performed on the
data, a summary and analysis ofthe data" and a statement ofthe conclusions
drawn from the analysis.

All deviations from the protocol.

The name ofthe Study Director, the names ofother scientists or professionals,
and the names ofall supervisory personn~l involved in the study.

o.

J.

G.

N.

M.

L.

K.

H.

I.
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Distribution: Sponsor/QA Officer/Technical ManagerlTechnicians ~t),.,.Jf\p---

Genesis Laboratories, fnc.
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Date

Form SI-3A 11101196

7!o?Y,)®__
Dale

3ft¢CJooe
l/yjLJo

SPONSOR/SPONSOR REPRESENTATIV~RMED:By: \rl..:t Date: 1f;)<..(/ro
Method: ~.rliau.w-rittenIF~ail/ u ••_ 1

REASON FOR THE AMENDMENT
Ronald J. Harkrader resigned in March.

EFFECT OF THE AMENDMENT
None.

AMENDMENT
The Protocol lists Ronald J. Harkrader as the Study the Director. The Study Director was
changed to Valerie L. Fuhrman on March 24, 2000.

PROTOCOL AMENDMENT NUMBER_I_

SPONSOR
U.S.G.G. Biological Resources Division
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STUDY TITLE
Secondary Toxicity Examination of Avian Species on Fields Treated With 0.005%
Diphacinone Bait

STUDY NUMBER
00005

Study Director

~--r-k=:
~anage;;/ent

,)f~ .& ~~eh~·'----_
Sponsor/SponsorRepresen~

8. APPROVAL OF AMENDMENT Nl.JI\.ffiER _1_

'iaQ~/~.~

7.

6.

5.

4.

3.

2.

1.
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2. Study Title Secondary Toxicity Examination of Avian Species on Fields Treated With
0.005% Diphacinone Bait

Protocol amendment #1 changed the Study Director to Valerie Fuhrman.
Ms. Fuhnnan has left Genesis Laboratories, Inc. Jeff J. Mach will be the
new Study Director as of September 19, 2000.
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Date 5/')01
Date Sir-it"
Date 5/7/61
Date !JA

DateVerballWrittenlFaxlE-mail

Ms. Fuhnnan has resigned.

None.

8. Approval of Amendment #j'-~ t(J7fO"1

7. Sponsor/Sponsor Representative Informed

by

Genesis Laboratories~ Inc.

Protocol Amendment #2

4. Amendment

5. Reason for Amendment

6. Effect ofAmendment

3. Study Sponsor U.S.G.S. Biological Resources Division
Pacific Island Ecosystem Research Center
Kilauea Field Station
P.O. Box 441B1dg. 344
Hawaii Volcanoes National Park, Hawaii 96718

Gene.~is Laboratories, Inc.

1. Study Number 00005

(d~or 9J;..~
GenesisManagemen~' / yt'-----

iP g.ons~~entative j/llf.L
IACUC Representative tI~
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The method that is described in the protocol did not perform to the level that we required.
Therefore, another method was validated to conduct the analysis.
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Fonn SJ-3.03B 5/16/01

Date

Date

Date

Date

List section (s) affected: Concentration
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PROTOCOL DEVIATION #1

Secondary Toxicity Examination of Avian Species on Fields
Treated With 0.005% Diphacinone Bait

00005

U.S.G.S. Biological Resources Division
Pacific Island Ecosystem Research Center
Kilauea Field Station
P.O. Box 44/Bldg. 344
Hawaii Volcanoes National Park, Hawaii 96718

Genesis Laboratories, Inc.

No effect.

The extraction method was not conducted according to the protocol.

lACUC Representative

Genesi

7. APPROVALOFDEVIATJON

6. EFFECT OF TIlE DEVIATION

5. REASON FOR mE DEVlATION

4. DEVIATION FROM THE PROTOCOL
Verification

Genesis Laboratories, Inc.

1. STUDYNUMBER

2. STUDY TITLE

3. SPONSOR

00005
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5. Reason for the Deviation:

7. Deviation Approval:
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FonnSl-3.03B 05/16/01

!; /<fh
Date / I

. Date
'Ijq/e:z-

"-{''';Of /"-oL....
Date

7
!

Date
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Section affected: TEST SUBSTANCE DESCRIPTION

USGS Biological Resources Division Pacific Island
Ecosystem Research Center Kilauea. Field Station

Charlotte M. Forbes

PROTOCOL DEVIAnON

NUMBER ----"2:.-_

Genesis Laboratories, Inc.

Contact:

Company:

Secondary Toxicity Examination ofAvian Species on Field Treated with
0.005 % Diphacinone Bait

Genesis Management(-.;:J.-].,

Since the study continued for 2 years. fresh bait was needed.

Sponsor/Sponsor Representative

The provided test substance was not from the same Jot. The first shipment (01/26/00)
was from the lot # 125128; aU three next shipment.ct were from the lot # 144548.

Deviation from the Protocol:

Study Title:

Sponsor:

Study Number:

-- e~~
Study rrector

6. Effect of the Deviation:

No adverse effect, becauSe the main part ofthe analyzed test substance belonged to the
same lot.

2.

Genesis Laboratories, Inc.

1.

4.

3.
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APPENDIX II

RAW DATA SUMMARIES

Genesis Laboratories,Inc.
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DETERMINATION OF DIPHACINONE IN LIVER

1_ two more samples were used with spike to verify the extraction procedure performance.

Page 192 of 224

Sample Extraction Procedure

A representative part of Ramik Green Bait was ground in the UDY Mill. Aliquots of the ground bait
were weighed into tared 250 mL Erlenmeyer flasks in amount of 5.00 ± 0.10 gram each. Exactly 50.0
mL of the extraction solvent (consisted of 55% acetonitrile with 45% aqueous tetrabutylammonium
phosphate (IPC A reagent) with pH = 6.9 ± 0.1) was added to each sample. Every sample was
refluxed for 45 minutes. After refluxing, all samples were allowed to cool to room temperature, and
an aliquot ofeach extract was filtered into a HPLC vial through 0.20 urn syringe filter.
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a e IpJ acmone oncentratIOn e catIOn
Test

Date of Diphacinone Concentration
Mean Diphacinone Recovery,

Substance ID / Concentration ± Std. CV,%
Lot Number Analysis per Extracted Sample, ppm Dev., ppm %

'-

00-TS-021 04/04/00 47.8,44.8,46.7,46.3 1 46.4 ± 1.2 92.8 2.59125128
01-TS-08/

05/31/01
47.0,48.9,49.6,48.9, 50.4, 49.1 ± 1.2 98.2 2.44144548 49.7

02-TS-Ol1
01116/02 43.1,40.5,42.1,39.2,39.9, 40.3 ± 2.2 80.6 5.46144548 36.8

02-TS-06/
02/04/02 51.8,51.0,53.6,51.5 1 52.0 ± 1.1 104 2.12144548

Sample Preparation Procedure

Livers were taken from the carcasses and placed into tared centrifuge tubes, and then were cut with a
scalpel (or with scissors) in the same centrifuge tubes, if the liver weight was less than approximately
1.3 ± O.lgram. Otherwise, 1.00 ± O.l-gram aliquot of the liver was taken and weighed into another
tared tube and was minced there with a scalpel or scissors. The instrument used to mince the liver was
rinsed in triplicate with acetonitrile after each use and the rinses were added to the same tube.
Approximately IS mL of acetonitrile was added to the tubes: The samples were shaken in the Wrist
Action Shaker at maximum speed for 10 minutes and centrifuged at 60% of power for approximately
5 minutes. The supernatants were decanted into 125-mL round-bottom flasks. The extraction was
repeated 2 additional times with fresh aliquots of acetonitrile. The collected supernatants were
evaporated on the Rotavapor at approximately 35°C to dryness, and the residues were dissolved in 3.0
mL (Class A pipettes) of the mobile phase and sonicated for approximately 3 minutes at ambient

Sample Analysis

The HPLC system consisted of a Waters 515 HPLC pump, Waters 746 Data Module, Waters 486
Tunable Absorbance Detector, and a 717 Plus Autosampler. The column used for this analysis was a
Keystone ODS/H column (4.6 mm x 250 mm, 51lm particle size). A Rheodyne Prefilter with a 10 f.llll
steel frit was also used. The results of the concentration verification analyses are presented in Table 1
below. Examples of the chromatograms for the diphacinone analytical standard and the bait sample
are presented in the Appendix III (-a, -b).

T hI 1 D' h' C V rill

DIPHACINONE CONCENTRATION VERIFICATION IN BAIT



Page 193 of 224

ND = Not Detected
I _ according to the chain of custody fonus; 2 - two replicate injections of the same sample were done

approximately 3 minutes at ambient temperature. Analiqootof each sample was filtered through a
0.20 urn syringe filter into an HPLC vial.

Sample Analysis

The analyses were conducted using the same instrument (HPLC system) and column as for the bait
analysis. The results of the determination of diphacinone concentration in animal livers are.presented
in Table 2 below. Examples of the chromatograms for the corresponding diphacinone analytical
standard and the liver samples are presented in the Appendix III (-c through -e)

Table 2. Results of the Animal Liver Analyses

Page 25 of31Genesis Laboratories; Inc.00005

Date Animal Genesis
Liver Diphacinone

Received Number l Common Name I
Laboratories ID

Sample Concentration,
Mass, g ppm

11 Japanese White Eye NA 0.20 ND
12 Japanese White Eye NA 0.35 ND
15 N.A. Cardinal NA 0.33 ND
16 Red-Billed Leothrix NA 0.28 ND
17 Red-Billed Leothrix NA 0.27 ND
29 Kalij Pheasant NA 1.02,0.95 ND
30 Kalij Pheasant NA 1.01, 0.98 ND
31 Kalij Pheasant NA 0.92,1.03 ND
32 Kalij Pheasant NA 0.91,0.94 ND

03/29/00 33 Kalij Pheasant NA 1.00,0.99 0.06,0.1 1
36 Japanese White Eye NA 0.37 ND
37 Red-Billed Leothrix NA 0.24 0.66
40 Japanese White Eye NA 0.40 ND
41 N.A. Cardinal NA 0.25 ND
42 N.A. Cardinal NA 0.35 ,ND
43 N.A. Cardinal NA 0.25 ND
44 Red-Billed Leothrix NA 0.31 0.33
46 N.A. Cardinal NA 0.24 ND
47 Red-Billed Leothrix NA 0.28 0.70
48 Red-Billed Leothrix NA 0.42 ND
3 Japanese White Eye 02-TS-02D 0.67 ND
4 Japanese White Eye 02-TS-02E 0.67 ND
5 Japanese White Eye 02-TS-02F 0.46 ND
6 Red-Billed Leothrix 02-TS-02G 1.16 1.23, 1.277-
8 Red-Billed Leothrix 02-TS-02H 1.17 1.34

01/09/02 11 Northern Cardinal (M) 02-TS-02J 1.10 0.13
15 Red-Billed Leothrix 02-TS-021 0.88 0.74
16 Northern Cardinal (F) '02-TS-02K 1.26 0.08
18 Northern Cardinal (F) 02-TS-02C 0.80 ND
24 Kalij Pheasant (M) 02-TS.,D2B 1.37 0.12
25 Kalij Pheasant (F) 02-TS-02A 1.21 0.18
24 Northern Cardinal 02-TS-07A 0.74 0.39

01/31/02 36 House Mouse 02-TS-07B 0.35 2.39
37 House Mouse 02-TS-07C 0.32 1.75
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APPENDIX III

REPRESENTATIVE CHROMATOGRAMS
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Representative Chromatogram ofDiphacinone Analytical Standard for the Bait Analysis
(11.8 Ilg/mL)
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CH= eA- PS= 1.

BIN 4INDEX 4

Diphacinone
5.18

02/04/02 12:40:25

RUN 4

Appendix III-a

RT AREA BC

5.18 702567 41

702567

Genesis Laboratories, Inc.

METHOD 0.
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AREA;!

t00.

100.

t

TOTAL

FILE 1.

PEAK#

00005-BAIT/VM

ER 0
DATA SAVED TO BIN I 4

CHANNEL A INJECT 92/04/02 12:40:25 STORED TO BIN # 4
1 44.110

00005
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00005 _Genesis Laboratories, Inc.

Appendix III-b

Representative Chromatogram ofRamik Green Bait Sample

CHANNEL A INJECT 02/04/02 14:08:55 STORED TO BIN I 8
11 64 aaa0

---:~~:=::!::!~---,""'~1--;;-5'.1"6- Diphacinone

ER 0
DATA SAVED TO BIN I 6

00905-BAIT/VM 02/04/02 14:98:55 CH= -A- PS= 1 •

FILE 1 . METHOD 0. RUN 8 INDEX 8 BIN 8

PEAK. AREA;( RT AREA BC

1 7.3 4.39 27087 41
2 11 .275 4.88 41834 42
3 81 .425 5.16 30~t27 43

TOTAL 100. 371048
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Representative Chromatogram ofDiphacinone Analytical Standard for the Liver Analysis
(0.59 Jlg/mL)
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BIN 4INDEX ..

9t/t8/02 11:49:t7

Diphacinone

RUN 4

Appendix III-c

RT- AREA BC

5.39 S362641

33626

Genesis Laboratories, Inc.

METHOD 9.
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5.39

AREAX

109.

199.

eaeeS-LIVER/VM

ER a
DATA SAVED TO BIN t 4

CHANNEL A IHJECT 91/18/82 11:48:17 STORED TO BIH. 4
It 119

FILE t.

PEAK'

1

TOTAL

QOOO5.
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Representative Chromatogram of the Liver Where No Diphacinone Was Found

00005 Genesis Laboratories,. Inc. ..

Appendix III-d

CHANNEL A INJECT 91/18/02 tZ:33:34 STORED TO BIN I 8
t:J:r.fBe

4---- Diphacinonc

ER 0
DATA SAVED TO BIN' 8

NO DATA, CHANNEL A
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Appendix III-e

Representative Chromatogram of the Liver With a Presence ofDiphacinone

CHANNEL A INJECT 91/18/02 13:19:34 STORED TO BIN' 12
.. II use

5 .42 .....1--- Diphacinonc

ER 0
DATA SAVED TO 8IN I 11

09995-LI VIRlVM 01/28/92 13:10:34 eli:: -A- PS= 1 .

FILE 1 • METHOD 0. RUN It INDEX 11 BIN 11

PEAK# AREAY. RT AREA Be

1 22.134 ".55 7459 41
2 77.866 5.42 26240 41

TOTAL 109. 33699
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Appendix 17. Standard operating procedures.

SOP BRD-04: Live-trapping rats (Rattus spp.)
SOP BRD-09: Handling, weighing, and ear-tagging rats (Rattus spp.) under field conditions.
SOP BRD-I0: Placing radio transmitters on rats (Rattus spp.) under field conditions.
SOP BRD-ll: Placing non-toxic census blocks in the field to estimate rat (Rattus spp.) densities.
SOP BRD-12: Evaluation of rodenticide pellets for degradation and disappearance.
SOP BRD-13: Radio-tracking techniques for marked rats (Rattus spp.).
SOP BRD-14. Calibration and use ofPesola scale.
SOP BRD-15: Personal protective equipment for field research studies
SOP BRD-17: Hand-broadcasting rodenticide pellets.
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SOP BRD-04: Live-trapping rats (Rattus spp.)
1. Purpose

To standardize methods for live-trapping rats and to ensure humane treatment of animals
and compliance with the Animal Welfare Act.

2. Traps
Modified wire-cage Japanese live traps (13 em x 21 em x 27 em).

3. Procedure
3.1 At least 3 days before the traps are to be set, pre-bait the area by broadcasting grated

coconut (or whatever bait will be used) on the ground in the vicinity where the trap
will be set.

3.2 Select a flat spot on the ground, a branch, or other appropriate site and clear away any
brush, vegetation, or debris. Whenever possible, place traps under vegetation or other
cover to reduce exposure to the elements and to minimize capture ofnon-target
species. Be sure to leave enough clearance for the trap to close. Ifpractical, put the
traps out, unset, a few days ahead of time.

3.3 If trapping on the ground, use a waterproof marker and wire stake flags or colored
flagging to identify the trap number, to secure the trap, and to facilitate relocation. If
trapping in trees, use wire/rope, or other means to secure the traps to branches, and
flagging to identify traps.

3.4 Place a piece of fresh coconut or other bait on the treadle and set the trigger. Cover
the trap with a piece of black plastic to protect captured animals from exposure to
raIn.

3.5 Check traps daily as soon after sunrise as possible. Release any nontarget captures
ilnmediately. Rats should be marked (see SOP BRD-09) and released at the site of
capture.

Prepared by: G.D. Lindsey Date: 14 September 1999

Study Director: WU$ Date: g/-e-S [OJ
I I

QA Officer: WJl2D Date: J?!2S /of
» ;
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SOP BRD-09: Handling, weighing, and ear-tagging rats (Rattus spp.) under field conditions.

Study Director:_jj_·.....-:::;.....2I"'_~_-+=--=- ---:Date:__~~/_1._$-I/'---O_3 _
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_,_G_.D_.L_I_'n_d_se.;...J.y'--- ----:Date:_-'-1_'_4_'_S~e......p_te_:;m_'_b_'_e..;,..;;r_'_I_'_9__'_9_'_9 _Prepared by:

QA Officer:

2. Procedure

2.1 Layout Pesola scale (1 kg) with hook attachment, ear-tag pliers with ear-tags.
Record capture site, trap number, rat species, and ear-tag numbers on "Rite-in-the­
Rain" record sheet.

2.2 A leather glove on the hand holding the animal around its neck and long pants are
required to prevent exposure to blood/body fluids of animals (see SOP BRD-15).

2.3 Attach Pesola scale (SOP BRD-14) to trap containing the rat. Record weight of trap
and rat.

2.4 Secure opening of cloth bag (size 13n x 21 n) around the entrance of the live-trap.
Open the live-trap allowing the rat to go into the bag. Place left hand (if you are
right-handed) around the top of the bag to prevent the rat from escaping and remove
the trap from the cloth bag.

2.5 With your right hand gently move rat to top ofbag, then secure the base of the rat's
tail with thumb and forefinger. Open the top of the bag so the rat's head is exposed
while maintaining your grip on the base of the tail so the rat cannot escape. Gently
slide your left hand (with leather glove on) over the rat's back, placing your thumb
and forefinger around the rat's neck. Squeeze firmly so rat cannot escape. Remove
rat from the bag.

2.6 While holding the rat with your left hand, attach an ear-tag to the lower part of the
right and left ears. Be sure to slip the ear-tag all the way on the pinna and to clamp it
tightly.

2.7 Examine the rat for sex and reproductive condition.
2.8 Release the rat at the capture site.
2.9 Weight the empty trap with the Pesola scale. Record empty trap weight, sex and

reproductive condition of the rat.

1. Purpose
1.1 To standardize methods for handling, weighing, and ear marking live rats in the field

and to ensure humane treatment of animals.
1.2 To ensure the safety ofpersons handling animals.
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SOP BRD-I0: Placing radio-transmitters on rats (Rattus spp.) under field conditions.

1. Purpose
1.1 To standardize methods for attaching radio-transmitters on rats under field conditions

and to ensure humane treatment of animals.
1.2 To ensure the safety ofpersons handling animals.

-,-G_.D_.L_I...;.;..·n....:...d...;.;..se..-t.y Date:__l_4_S;;....e-L;p....:...te_m_b_e;;....r_l_9_9....:...9 _

QA Officer:

Study Director:__GJ_~_k-+_---_-_--Date:---<E--..,...I....;'Z.~~)-O..:::3~ _

-F=~~I,,=,,-i~1:2~£~ Date:_~~/~~+-./cJ3---

Prepared by:

2. Procedure
2.1 Layout black plastic sheet on the ground. Sheet will be used to place the rat on while

attaching the transmitter. Check the transmitter frequency with the telemetry receiver
and record the transmitter number, frequency, and telemetry receiver coordinates for
the transmitter in the rite-in-the-rain record book.

2.2 Weigh, sex and ear-mark the rat following SOP BRD-09. Place a cotton ball
containing Metaphane (see SOP BRD-15) in a gallon-size Ziplock bag. Place rat
inside the Ziplock bag until exposure to the Metaphane fumes renders the rat
unconscious. Remove the rat from the Ziplock bag and place it on the black plastic
sheet. Close the Ziplock bag to prevent fumes from escaping.

2.3 Secure the transmitter around the neck of the rat. Ensure that the transmitter is
attached tight enough so it will not slip off, and loose enough so it will not choke the
rat.

2.4 After the transmitter is attached, lay the rat on the ground under vegetative cover at
the capture site. Observe the rat until it recovers and escapes naturally.
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SOP BRD-11: Placing non-toxic census bait blocks in the field to estimate densities of rats
(Rattus spp.).

1. Purpose
To standardize methods for placing nontoxic census blocks in the field to estimate
densities of rats (Rattus spp.).

2. Census blocks
Nontoxic gnaw blocks.

3. Procedures
3.1 Select a flat spot on the ground adj acent to a downed log, standing tree, or vegetation.

Whenever possible, place the gnaw block under cover to reduce exposure to the
elements. Secure the gnaw block to the ground by inserting a 24" or 36" wire stake
flag through the hole in the center of the block and into the ground.

3.2 Use a waterproofmarker and wire stake flag to identify the gnaw block (i.e., Plot
number, transect number, gnaw block number).

3.3 In the laboratory, study examples of rat, mouse, and invertebrate (slug) gnawing on
blocks until familiar with each type of gnawing.

3.4 Check each gnaw block daily for two days. Record plot, location, and animal activity
(incidents of rat and/or mouse and invertebrate gnawing) in rite-in-the-rain record
sheets for each day.

Prepared by: G.D. Lindsey Date: 3 September 1999

Study Director: 0:k- Date: $/2>/03
~ I

QA Officer: 0fI~ Date: 8j2~O?
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SOP BRD-12: Evaluation ofrodenticide pellets for degradation and disappearance.
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2. Baits
Ramik® Green rodenticide pellets (0.005% diphacinone).

1. Purpose
To standardize methods for measuring degradation and disappearance of rodenticide
pellets under field conditions

...;:.G_.D_.L_l..;.;..·n....:;;d..;;...se:....J.y~ Date:_-.;3_S..;;...e-..Lp_t_em_b_er_l_9_9_9 _

QA Officer:

Study Director:__O~_~.......~_+- Date: g+!_z.._S-T/c_o_:r _

~~;,...;:=::j~/~.-=.;:;,~~-= Date:_~8:-F--/;;Z5,<...+-/o-,--~ _

Prepared by:

3.3 Visual percent of surface area calculated as follows:
a) Top surface ofpellet = 25.0%
b) Left side ofpellet = 25.00/0
c) Right side ofpellet = 25.0%
d) Each end ofpellet = 12.50/0

3.2 Record the condition of each pellet daily on Rite-in-the-Rain record sheet.
a) Date and time and name of recorder.
b) Pellet present or absent (taken by animal).
c) Length and width ofpellet measured with a calipers to determine swelling.
d) Softness of each pellet using a metal probe placed at top center of the pellet and

pressed down lightly until resistance is met. Pull out the probe and measure the
depth the probe using a calipers.

e) Visual percent of surface area of pellet gnawed by rat, mouse, or invertebrate, and
cracked because of swelling from moisture.

f) Visual percent of surface area ofpellet covered with mold.

3. Procedures
3.1 Randomly select 20 locations within the first quarter of study area to place individual

pellets. Mark the pellet location with a wire flag. Place the pellet so it is touching the
wired flag to indicate any movement of the pellet. Use a permanent marker to record
the location and pellet number on the wire flag.
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S.OP BRD-13: Radio-tracking techniques for marked rats (Rattus spp.).
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Date: f'/ 2S!CJJ
~-"'~...(--..:::.-=--------_. --------'----------QA Officer:

Study Director:__--=..-.:-.:I-- Date: S...../_2._S--'-/_O_3 _

Prepared by: _G_.D_.L_l_·n-'-'d_se-"'y'- Date:__1_4__'S~e.;;..Lp'__te__'m~b_er_l_9_9-:;..9 _

3.2 Daytime radio-tracking
a). Identify and locate signal of radio-tagged rat. Listen to the signal without moving the

antenna for 4 minutes. If signal strength is fluctuating, then record animal as moving.
If signal strength is steady, then record animal as not moving.

b). Detennine direction of signal by moving antenna in a 180 degree arc. Loudest signal
will identify the direction the signal is coming from. Move to another location to
obtain a cross-angle (~30 degrees) from the first signal bearing.

c). Walk toward the signal until signal strength increases. As you get closer, continue to
obtain cross-angle bearings until the rat's location is pinpointed.

d). Record the rat's location (distance and compass direction from the nearest transect
marker). Mark location with colored flagging marked with the rat number, date, and
observer's initials.

e). Record location of rat, i.e., in nest, in tree, on ground, under ground, etc.
f). If rat is in a nest, mark the location of the nest using colored flagging and detennine its

location to the nearest transect marker. Record data in daily record sheet.

3. Procedures
3.1 Nighttime radio-tracking
a). Walk into study area using headlamps.
b). Identify and locate signal of each radio-marked rat using 2-element antenna.
c). Listen to each signal without moving antenna or receiver for 4 minutes. If signal

strength is fluctuating, then record animal as moving. If signal strength is steady,
then record animal as not moving.

2. Radio Equipment
Telonics TR-4 receiver
RA-14 directional, hand-held, 2-element antenna with flexible element
Earphones

1. Purpose
To standardize methods for radio-tracking of marked rats.
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SOP BRD-14: Calibration and use of the Pesola scale·.

1. Purpose
To standardize calibration and use of the Pesola scale.

2. Equipment
Pesola scale

3. Procedures
3.1 To adjust to zero, tum the knob to left or right until line on scale is aligned to zero.
3.2 Attach a calibration weight (50-g & 500-g weights) to the scale and record weight.

The weight should be within the control limits and weight-range of the Pesola scale.
3.3 Attach the lower hook of the Pesola scale to the handle of the trap (with the rat

inside), hold the scale at the top hook, and read the weight in grams. The scale is
marked in increments of 10 grams. Read the weight to the nearest 5 grams.

3.4 Remove the rat from the trap, then again weigh the trap (without the rat).
3.5 Substrate the weight of the trap with the rat from the weight of the trap without the rat

to determine the weight of the rat.

Prepared by: G.D. Lindsey Date: 14 September 1999

Study Director: D& Date: "8/2.Sh 3,

QA Officer: ~~ Date: ghbk"
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SOP BRD-I5: Personal Protective Equipment for field research studies

1. Purpose
To ensure proper personal protective equipment (PPE) is provided, appropriately used,
and maintained in a reliable condition to effectively protect employees from hazards
present in their work environment as required by the Occupational Safety and Health
Administration (OSHA).

2. Safety concerns
2.1 Handling of rats, mice, feral cats, and mongooses.
2.2 Distribution ofRamik® Green rodenticide pellets (0.005% diphacinone).
2.3 Use ofMetaphane to anesthetize rats for attaching radio transmitters.

3. Procedure
3.1 Handling of wild animals may expose personnel to leptospirosis and Hepatitis E.
a). All personnel will read Hawaii Department of Health pamphlet on leptospirosis and

publication on Hepatitis E. BRD recommends that employees wear protective
clothing (gloves, boots, long pants), and following procedures in SOP BRD-09 are
required when handling rats.)

3.2 Ramik® Green.
a). Read MSDS sheet for Ramik® Green.
b). Wear long-sleeved shirt, long pants, boots and rubber gloves under cotton gloves to

distribute bait pellets.

3.3 Metaphane
a). Read MSDS sheet for Metaphane.
b). Use in well-ventilated area or out-of-doors.
c). In field, stand upwind when using Metaphane. Saturate cotton ball with Metaphane.

Place cotton ball with Metaphane in I-gallon size Ziplock clear plastic bag. Follow
procedures in SOP BRD-l0 for placing transmitter on rat.

Prepared by: G.D. Lindsey Date: 14 September 1999

Study Director: D~ Date: ~ /Z.S/03
•

QA Officer: ¥D Date: aj?0/D3

Page 208 of 224

e
e
e
e
e
e
e
e
e
e
e­e
e
e
e
e
e
e
e
e
e
tit
e
e
e
e
e
e
e
e
e
e
It
e
e
e
e
e
e
e
e­•



e­e
e
e
e
e­e
e
e
e
e
e
e
e
e
e
e
---e
e
e
e
e
e
e­e
e
e
e
e
e
e
e
e
e
e
e
-­e
•

SOP BRD-1 7: Hand-broadcasting rodenticide pellets.

1. Purpose
To standardize hand-broadcast baiting procedures and to ensure personnel safety
standards are followed.

2. Procedure
2.1 Personnel safety for hand-distribution of Ramik® Green rodenticide pellets (0.005%

diphacinone).
a). All personnel will wear long-sleeved shirt, long pants, boots, and latex or rubber

gloves. Cotton gloves can be worn over the latex gloves to protect latex or rubber
gloves.

b). Pellets are placed in plastic bag. The plastic bag containing the pellets is placed
in a nylon bag for added protection from spillage.

2.2 Distribution ofbaits.
a). Employee walks along transect with bag of rodenticide pellets. At established

locations the employee reaches into the bag and removes the designated number
ofpellets. Pellets are individually thrown at designated distances from the
transect.

b). Employee walks to the next location and repeats the process until the entire area
is baited.

c). Plastic and nylon bags, and gloves, are gathered together and cleaned or disposed
of according to label instructions.

Prepared by: G.D. Lindsey Date: 8 October 1999

Study Director: Q)~Ck Date: ez /1. s10 3
\

QA Officer: ~!G Date: S/2Sj6J
;
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(a) Wet forest

Appendix 18. Dates ofbait application and monitoring activities.

*Snap trapping was not done between August 2000 and August 2001.
Mist netting ofbirds was carried out on 3, 8, 9, 10, 15, 16 November 1999.
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27 Jan - 28 Jan
7 Mar- 8 Mar

4 Dec-5 Dec
15 Jan - 16 Jan

2 Jun- 3 Jun
29 Jnn - 30 Jnn

Snap trapping*

22 Sep - 23 Sep
28 Oct - 29 Oct

28 Mar - 29 Mar
27 Apr - 28 Apr

18 Nov - 19 Nov
28 Dec - 29 Dec

Bait application Live-trapping Census bait blocks

7 & 12 Oct 1999
28 Sep -1 Oct 5 Oct- 6 Oct
19 Oct - 22 Oct 26 Oct - 27 Oct

8 & 14 Dec 1999
30 Nov- 3 Dec 23 Nov - 24 Nov

4 Jan-7 Jan 22 Dec - 23 Dec

8 & 14 Feb 2000
1 Feb-4 Feb 25 Jan - 26 Jan

29 Feb-3 Mar 23 Feb - 24 Feb

12 & 17 Apr 2000
4 Apr-7 Apr 30 Mar - 31 Mar
2May-5 May 25 Apr - 26 Apr

14 & 19 Jun 2000
6 Jun-9 Jnn 31 May-l Jnn
11 Jul- 14 Jul 27 Jnn - 28 Jnn

31 Aug & 5 Sep 2000
22 Aug - 25 Aug 15 Aug - 16 Aug
19 Sep - 22 Sep 12 Sep - 13 Sep

9 & 15 Nov 2000
31 Oct- 3 Nov 26 Oct - 27 Oct
28 Nov-l Dec 21 Nov - 22Nov

18 & 22 Jan 2001
9 Jan-12 Jan 4 Jan- 5 Jan
6 Feb - 9 Feb 1 Feb - 2 Feb

19 & 23 Mar 2001
6 Mar- 9 Mar 1 Mar- 2 Mar

10 Apr - 13 Apr 5 Apr- 6 Apr

25 & 29 May 2001
15 May - 18 May 10 May -11 May
19 Jun- 22 Jnn 14 Jnn - 15 Jnn

23 & 27 Aug 2001
14 Aug -17 Aug 9 Aug -10 Aug
11 Sep - 14 Sep 6 Sep -7 Sep

17 & 19 Dec 2001
11 Dec - 14 Dec 6 Dec-7 Dec
8 Jan- 11 Jan 3 Jan-4 Jan



Mist netting ofbirds was carried out on 17, 18, 22, 23, 24, 28 February 2000.
Shooting kalij pheasants was done on 16 February 2000.
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(b) Mesic forest

Bait application

27 Jan & 1 Feb 2000

5 & 10 Ju12000

25 & 30 October 2000

Live-trapping

19 Jan - 22 Jan
8 Feb-ll Feb

21 Mar- 24 Mar

25 Apr - 28 Apr

16 May - 19 May

27 Jun - 30 Joo
25 Jul- 28 Jul

29 Aug-l Sep

17 Oct-20 Oct
14 Nov -17 Nov

19 Dec - 22 Dec

30 Jan- 2 Feb

20 Mar - 23 Mar

24 Apr - 27 Apr

5 Jun- 8 Jun

24 Jul-27 Jul

3 Sep- 8 Sep

5 Mar- 8 Mar

Census bait blocks

25 Jan - 26 Jan
15 Feb - 16 Feb

16 Mar-17 Mar

9 May-l0 May

20 Jun - 21 Jun
18 Jul- 19 Jul

22 Aug - 23 Aug

12 Oct - 13 Oct
8 Nov- 9 Nov

15 Dec - 16 Dec

25 Jan - 26 Jan

15 Mar - 16 Mar

17 Apr-18 Apr

31 May-l Joo

19 Jul- 20 Jul

30 Aug - 31 Aug

Snap trapping

6 Jan-7 Jan
17 Feb - 18 Feb

14 Mar - 15 Mar

11 May - 12 May

22 Jun - 23 Jun
20 Jul- 21 Jul



Appe~dix 19. Landcare Research toxicology laboratory analysis reports.

51 plastic bags were received with samples of liver tissue for analysis. The details were entered into the laboratory
sample system. the samples given a reference and stored at -18EC prior to analysis. The samples were received in
good condition. except for 4009. 4028 which were too badly decomposed to allow identification and removal of the
liver. The sample details and results are as follows:
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MDL

0.2

0.3
0.3
0.4

0.4
0.3
0.5
0.2
0.4
0.3
0.5

ClRnl,. 'n Inri' , T••teeleIlY
rw ,i, •• , , •••••••• , •. 'A' ••

IRePort No.: Tl164

DipbaciJaoDe, p.g/g
8.1
3.0
0.41
3.6
2.1
4.1
<MDL
0.55
<MDL
<MDL (0.23)

'<MOL
1.9
0.21
5.0
1.8
3.0
3.6
3.7.3.5
<MDL
NT
6.5
2.1,2.6
3.5 '
12
<MDL(O.32)
2.9
2.8
3.9
<MDL
4.9
1.8

TOXICOLOGY LABORATORY
ANALYSIS REPORT
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DescriptioD
Liver tissue. sample 413, black rat
Liver tissue. sample #4, black rat
Liver tissue. sample #5. black rat
Liver tissue, sample #6. black rat
Liver tissue, sample #7. black rat
Liver tissue. sample 418. black rat
Liver tissue, sample #11. black rat juvenile
Liver tissue, sample #12, black rat
Liver tissue. sample #10, Japanese white eye TRI6
Liver tissue. sample #13, Japanese white eye TR16
Liver tissue, sample #14, Japanese white eye TRl6
Uver tissue. sample 4118. black rat tr 16
Liver tissue, sample #20, black rat
Liver tissue. sample #23, black rat
Liver tissue. sample #24. black rat
Liver tissue, sample #25, black rat
Liver tissue, sample #27, black rat
Liver tissue. sample #28, black rat
Liver tissue, sample #1, black rat
Sample #2, black rat
Liver tissue, ,sample #3, black rat
Liver tissue, sample #4, black rat
Liver tissue, sample #5, black rat
Liver tissue, sample #6, black rat
Liver tissue, sample #7, JAWE
Liver tissue, sample #9. Leiothrix
Liver tissue, sample tHO, Leiothrix
Liver tissue, sample #12. Leiothrix
Liver tissue, sample #13, JAWE
Liver tissue, sample #14, Leiothrix
Liver tissue, sample #17, Leiothrix

Lab No.
3984
3985
3986
3981
3988
3989
3991
3992
3993
3994
3995
4000
4002
4003
4004
4005
4006
4007
4008
4009
4010
4011
4012
4013
4016
4017
4018
4019
4020
4021
4022

Manaaki Whenua
Landcare Research

Gerald Street
P.O. Box 69
Lincoln

Ph: +64 3 325 6700
Fax: +64 3 32S 2418

CLIENT: Eric Spurr, Landcare Research. Lincoln.
CLIENT'S REFERENCE No.: 4 44 0 09 09 01
SAMPLES: 57 of liver
REQUIREMENT: Examine for diphacinone
RECEIVED: 7 March 2002

SAMPLE DESCRlPTION AND IDENTIFICATION:

This report replaces report T1650 of1.7.02 and includes addilional descriptive wording for the client.
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These results rew'e only'o 'he samples tJS received and Jested•• Thi3 report mt;l1 be reproduced in full only. The samplu rewtins 'o,his report will
be disposeJ ofafter fWO mon,hs from the report date unlus requuted otherwise bY'M clien,. MUTe oppropriale. the pbON Tau/lS will be included
in the NQ,iolUJl Vertebrale Pesticide Database.

The determination was carried out using Landcare Toxicology Laboratory Method~ 048. the detennination of
diphacinone in liver tissue by HPLC. The method detection limit (MDL) is 0.1 Jlglg for a 2g sample; variations due to
small sample shown above. The uncertainty of the method (95% c.i.) is ± 48%.

0.3
05
0.2
0.2
0.2
0.3
0.2
0.3
0.4

NT
<MOL
<MOL
<MOL
<MOL
<MDL
<MDL(0.26)
0.28
<MOL
<MDL
3.6
1.5
3.7
3.8,7.1
<MDL
1.2.1.5
<MDL
4.5.5.2
3.4
2.J
2.4
3.8
0.42
1.3
<MDL(0.08)
<MOL

TEST PERIOD: 17/6-1I07}02
jjii.~;;JJ-15. I~ 18, 19

C.D. Radford. G.R.G. Wright
Approved Signa10ries
DATE: 11 October 2002

Sample #25A, N Cardinal (M)
Liver tissue, sample #33. Nth Cardinal (F)
Liver tissuc,sample #34, JAWE
Liver tissue, sample #35,lAWE
Liver tissue. sample #36, Nth Cardinal (M)
Liver tissue, sample #37. Nth Cardinal (F)
Liver tissue. sample #38. Leiothrix
Liver tissue. sample #39, Leiothrix
Liver tissue.. sample #40, Leiothrix
Liver tissue. sample #4J. Leiothrix
Liver tissue. sample #38, black rat KJ
Liver tissue, sample #49, black rat
Liver tissue, sample #51, black rat
Liver tissue. sample #52, black rat
Liver tissue, sample #53. black rat
Liver tissue, sample #56. mongoose
Liver tissue, sample #60, black rat
Liver tissue. sample #61, black rat
Liver tissue, sample #62. black rat
Liver tissue. sample #19. house mouse
Liver tissue, sample #20, house mouse
Liver tissue. sample #21. house mouse
Liver tissue, sample #26, house mouse
Liver tissue, sample #29, house mouse
Liver tissue, sample #26, lower 10 01131102 kalij &

Liver tissue. sample #32. lower ki ko 21131fJ2 8L kalij

4028
4029
4030
4031
4032
4033
4034
4035
4036
4037
4038
4040
4041
4042
4043
4044
4045
4046
4047
4066
4067
4068
4073
4076
4266
4272

NT = not tested.
The r~sultshave been adjusted/or method recovery. All results art!! reported to two significantfigures.

AUTHORISED BY:

TESTED BY: cdr
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280

03:39:12 p
00:00:13 P.

Meas. R

7.373
7.747

Area

Detector: lTV
wavelength, n~

• •c: c:
o 0
c c
U "is• •..r. ..r.

·Injection Vol:: lOOuL
Flow rate: 0.0

Start Pressure (bar)" : 8.0

Height

operator: cdr
Inject~on Date:6/19/02

Report Date: 6/20/02

540.8987 124.8595 540.8987
459.4013 105.9892 459.4013

00:.00:12· pm

Response F Response

0.8665
1. 0000
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ATeaRa60
1

0.5

Area Ra60

0.15
0.5

0.25
o-+--..._..---.---.._~

Amount

1.0202
1.0000

I.Oug Diph QC

Compound Name

120

100

80

60

40

20

04------'"-------------------
-20 +---.---r----..----r---..---..---.--r----......---.---,.-----...-----,r----...--....--~

mAU

Mode: Gradi ent

Method:
C:\HPCHEM\l\METHODS\TOXLAB\DIPH_INT.M

Co,l umn : Luna ca

So~vent:
A: Methanol +O.005M TBAP
B: Water + PIC A

Ca1ibration:
Ca~culated on :Area
Ca1ibration created: 10/11/01
Ca1ibration Modified:6/20/02

1 Diphacinone
2 Ch1orophacinone

Sampl.e: .



280

05:14:35 p
.11:57:07 a

0.000
1./17

•c::
Q

.ij
•~

• el-

f
Q

~

Det.ector: UV .
wavelength, run

Injection Vol.; lOBuL
Flow rate: 0.0

Start Pressure (bar)~ 8.6

Operator: cdr
Injection Date:6/19/02

Report Date: 6/20/02

0.0000 O.OOO~ 0.0000
242.1292 50.8912 242.1~92

11 : "5 4 : 17 am

0.0000
1.0000
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Area Ratio
1

0.5

Alea Ratio

0.75
0.5

0.25

o"T--....-.....---.----.-+-t

0.0000
0.5000

120

100

80

60

40

20

0-1-----------­
-20 +--~--.-----_,_---.----.,.---....---r--.....--......,.--.---_,_---.---.--~-r--.....--,---.....-__1

mAU

Mode: Gradient

Co1 umn : Luna ca

Method:
C:\HPCHEM\l\METHODS\TOXLAB\DIPH_INT.M

Solvent:
A: Methanol +O.OOSH TBAP
B: Water + PIC A

Calibration:
Calculated on :Area
Calibration created: 10/11/01
Calibration Modified:6/20/02

1 Diphacinone
2 Chlorophacinone

Sample: 3991
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280

05: 26: 30 p
11:57:11 a

Meas. R

7.396
7.779

Area

Detector: UV
wave1ength, mn

. .,
c: c:o 0c: c
'u "ii. ..
.c: .s::
lCL • c-
o ~ ~

~ ~

Injection Vol.: 'lOOuL
Flow rate~ 0.0

Start Pressure (bar): 8.S

Hei.gtit

operator: cdr
Injection Date:6/19/02
Repor~ Date: 6/20/02

198.4172 38.3301 198.4172
279.6192 51.0195 279.6192

11:54:17 am

Response F Response

0.8665
1.0000
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Area Ratio
1

Area Ratio

0.75
0.5

0.25

O-,;---.---...--_.__--.---r-t

Amount

0.3074
0.5000

Mode: Gradient

Column: Luna C8

Method:
C:\HPCHEM\l\METHODS\TOXLAB\DIPH_INT.M

Solvent:
A: Methanol +O.OOSM TBAP
B: Water + PIC A

Calibration:
Calculated on :Area
Calibration created: 10/17/01
Calibration Modified: 6/20/02

1 "Di.phacinone
2 Chlorophacinone

mAU

120

100

80

60

40

20

0

-20

:;arnple: 3992

# Compound Name



MOL for 3996, O.5pglg; 3997, 0.7JJglg; 3998, O.8pglg; 3999, O.3pglg, due to small size of sample.

AI tests reported~in
have been pertorme.d irt
acconiance wth the
Iaboratoty's smpe at
aa:redit.alion

Centre f., ElI.luII.w.tal T.:lie.' .9J
II , il'.' , ".'.

Diphacinone. pgIg

<MOL
<MOL
<MOL
<MOL
3.6,3.5

3.9

I Report No: T1794

Telephone No: 03 548 1082

13-28/11/02

Toxicology Laboratory
Analysis Report

.dU/,.t5)~
C.D. Radford, G.R.G. Wnght

Approved Signatories

Date: 2811112002

WORKBOOK REF: 21/18

TEST PERIOD:

Description

Liver tissue, #34, Japanese white eye

liver tissue. #35, Japanese white eye

Liver tissue, #39•.Japanese white eye

Liver tissue, #50, Nih American cardinal

Uver tissue, #8, black rat channel 27. Olaa, 10/14199

Uver tissue, #9, black rat 2m from 850, Olaa, 10115199

Gera'd Street

P.O.BoxG9

Uncoln, 8152

Ph: +64 3 325 6700
Fax: +64 3 325 2418

Manaaki Whenua
Landcare Research"

These results relate only 10 the samples as received and tested.. This tepOI1 may be reproduced in lull only. The sarTfJI8S relating to /his If!POI'I ..,.. be
disposed 01 after Iwo monIhs from /he report dars unless requested olhetwise by the client. Where apfJIOpIiare. tho above results Mill be indudecI jiJ #Ie
National Vertebrate PesricitHt AesitiJe Database.
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CLIENT: Eric Spurr, Landcare Research, Private Bag G, Nelson

CLIENT REFERENCe No.: 444009 0604
SAMPLES: Six at liver tissue
REQUIREMENT: Examine for diphacinone

RECEIVED: 7 March 2002

The results have been adjusted for method recovery. All results alB reported to two significant figures•

Samplels were received for analysis. The details were enlered into the laboratory sample system and the samlJlte/s
given a reference number. The sample details and resuhs are as follows:

No. samples: 6

LabNo.

3996

3997

3998

3999

4142

4143

AUTHORISED BY:

The determination was carried out using TLM048, the determination of diphacinone in &vertissue by HPLC. The
method detection limit (MOL) is 0.1pg1g and the uncertainty (95% c.i.) is ±
42%.

TESTED BY: cdr
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Appendix 20. Dates and results of non-target carcass searches.

(a) Wet forest

Search date Non-target carcasses found
Bait application date (dimly) Treatment plot Non-treatment plot

7 & 12 Oct 1999
24 Sep 99 0 0
22 Oct 99 0 0

8 & 14 Dec 1999
24 Nov 99 0 0
29 Dec 99 0 0

8 & 14 Feb 2000
8 Feb 00 0 0
25 Feb 00 0 0

12 & 17 Apr 2000
29 Mar 00 0 0
1 May 00 0 0

14 & 19 Jun 2000
8 Jun 00 0 0
10 Jul 00 0 0

31 Aug & 5 Sep 2000
18 Aug 00 0 0
13 Sep 00 0 0

9 & 15 Nov 2000
30 Oct 00 0 0
27 Nov 00 0 0

18 & 22 Jan 2001
5 Jan 01 0 0

19 & 23 Mar 2001
9 Mar 01 0 0
13 Apr 0 0

25 & 29 May 2001

23 & 27 Aug 2001

17 & 19 Dec 2001
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(b) Mesic forest

Search date Non-target carcasses found
Bait application date (dimly) Treatment plot Non-treatment plot

14 Jan 00 0 0
27 Jan & 1 Feb 2000

11 Feb 00 0 0

13 Mar 00 0 0

10 May 00 0 0

6 Jul 00 0 0
5 & 10 Jul2000

21 JulOO 0 0

1 Sep 00 0 0

16 Oct 00 0 0
25 & 30 October 2000

15 Nov 00 0 0

29 Jan 01 0 0

27 Apr 01 0 0
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(b) Mesic forest (bait applied 27 January and 1 February 2000)

Appendix 21. Signs of diphacinone poisoning in radio-collared rats found dead

Page 220 of 224

Tx # is the radio-transmitter number, BRD # is Biological Resources Division number,
LCR # is Landcare Research toxicology laboratory number. See Appendix 19 for details.
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3.4

5.0
1.8
3.0
3.6
3.6

3.8

0.47
3.6
3.0
8.1
3.6

Diphacinone
(ppm) in liver

Diphacinone
(ppm) in liver

+
+
+ +
+ +

+ +
+
+ +

+
+ +

4/5 4/5

3/5 3/5

External Green dyed
bleeding gut

External Green dyed
bleeding gut

Necropsy results

Necropsy results

+
+
+
+
+

+
+
+
+
+

5/5

5/5

Internal
bleeding

Internal
bleeding

Rat number

Total or average

87 23 4003
89 24 4004
79 25 4005
74 27 4006
95 38 4038

Tx BRD LCR
# # #

Tx # is the radio-transmitter number, BRD # is Biological Resources Division number,
LCR # is Landcare Research toxicology laboratory number. See Appendix 19 for details.

Total or average

Rat number

41 5 3986
55 6 3987
62 4 3985
68 3 3984
27 8 4142

Tx BRD LCR
# # #

(a) Wet forest (bait applied 7 and 12 October 1999)
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Appendix 22. Descriptions of rat nests.

Wet forest
Four nests were found in the treatment plot, all in hapuu tree ferns (Cibotium glaucum). Three
nests were in the crown and one in a hollowed out hapuu. The average height of the tree ferns
was 3.3 m and the average diameter was 0.3 m. The nests measured 20 x 15 x 16 cm on
average, and were lined with hapuu fronds and akala (Rubus hawaiiensis).

The locations of 11 nests were found in the non-treatment plot, but the nests were not recovered.
Six nests were in hapuu (average 4.3 m high and OAm diameter), four in ohia (average 22 m
high and 0.8 m diameter), and one in olapa (10m high and 0.3 m diameter). The nests were in
the crown of hapuu and high up in ohia and olapa.

Mesic forest
The locations of 14 nests were found in the treatment plot, but the nests were not recovered.
Seven nests were in koa (average 22 m high and 1.1 m diameter), six in soapberry (average 23 m
high and 0.5 m diameter), and one in ohia (14 m high and 1.6 m diameter). The nests were high
up.

The locations of 13 nests were found in the non-treatment plot, but the nests were not recovered.
Six nests were in soapberry trees (average 20 m high and 0.6 m diameter), four in koa (average
18 m high and 1.2 m diameter), and three in ohia (average 30 m high and 0.9 m diameter). The
nests were high up.
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Appendix 23. Ear-tagged rats caught in the treatment plots after bait application.

Wet forest

Polynesian rat, adult, female, ear tags 817/822
first captured in treatment plot 12 July 2000,
recaptured in treatment plot 3 November 2000,
2 months after bait application 31 August 2000
(not captured in August 2000 or September 2000).

Black Rat, adult, female, ear tags 4978/4979
first captured in non-treatment plot 21 October 1999,
recaptured in treatment plot 1 February 2000.

Norway Rat, adult, female, ear tags 868/869
first captured in non-treatment plot 3 May 2000,
recaptured in treatment plot 24 August 2000.

Norway Rat, adult, male, ear tags 981/986
first captured in non-treatment plot 3 October 2000,
recaptured in treatment plot 7 March 2001.

Black Rat, adult, female, ear tags 1598/1597
first captured in non-treatment plot 11 December 2001,
recaptured in treatment plot 9 January 2002.

Mesic forest

No ear-tagged rats were caught in the treatment plot after any bait application.
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(b) Mesic forest (bait applied 27 January and 1 February 2000)

(a) Wet forest (bait applied 7 and 12 October 1999)

Appendix 24. Locations where radio-collared rats were found dead.

Rat Tx no. is radio-transmitter number.

In fallen log
High up in tree
Underground
Underground
High up in tree
Underground
High up in tree
Underground
High up in tree
Underground
Underground
High up in tree
On ground, exposed
High up in tree
Underground
In dense vegetation
On ground, exposed

Location

In fallen log
In fallen log
On ground, under 100% canopy cover
On ground, partly covered by vegetation
On ground, partly covered by vegetation

Location
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Carcass
Carcass
Carcass
Carcass
Carcass

Recovered

Rat Tx no. is radio-transmitter number.
* Carcass was mostly eaten.

29 Carcass*
32 Stationary radio signal only
34 Stationary radio signal only
37 Stationary radio signal only
42 Stationary radio signal only
47 Stationary radio signal only
52 Stationary radio signal only
59 Stationary radio signal only
64 Stationary radio signal only
69 Stationary radio signal only
74 Carcass
78 Stationary radio signal only
79 Carcass
81 Stationary radio signal only
87 Carcass
89 Carcass (euthanased)
95 Carcass

Rat Recovered
Txno.

Rat
Txno.
41
55
62
68
27
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Appendix 25. Diphacinone residues in birds.
e
e

Birds were collected in the treatment plots 3-7 weeks after hand-broadcast application of e
Ramik® Green bait in the wet forest (Olaa Tr. 16) and mesic forest (Kipuka Ki), Hawaii e
Volcanoes National Park. e

Sample Sample Date Plot Capture Analysis Result e
eNo. Description Collected Location Method Lab. (ppm)

29 Kalij pheasant (male) 16 Feb 2000 KipukaKi Shotgun Genesis 0 e
30 Kalij pheasant (male) 16 Feb 2000 Kipuka Ki Shotgun Genesis 0 e
31 Kalij pheasant (male) 16 Feb 2000 KipukaKi Shotgun Genesis 0 e
32 Kalij pheasant (male) 16 Feb 2000 KipukaKi Shotgun Genesis 0 e
33 Kalij pheasant (female) 16 Feb 2000 Kipuka Ki Shotgun Genesis 0.09 e
16 Red-billed Leiothrix 15 Nov 1999 Ola'a Tr. 16 Mist net Genesis 0 e
17 Red-billed Leiothrix 15 Nov 1999 Ola'a Tr. 16 Mist net Genesis 0 e
37 Red-billed Leiothrix 17 Feb 2000 Kipuka Ki Snap trap Genesis 0.66 It
44 Red-billed Leiothrix 23 Feb 2000 Kipuka Ki Mist net Genesis 0.33 e
47 Red-billed Leiothrix 13 Mar 2000 Kipuka Ki Snap trap Genesis 0.7 e48 Red-billed Leiothrix 15 Mar 2000 Kipuka Ki Snap trap Genesis 0

15 Northern Cardinal 10 Nov 1999 Ola'a Tr. 16 Mist net Genesis 0 e. e24 Northern Cardinal 16 Jan 2002 Ola'a Tr. 16 Snap trap Genesis 0.39

41 Northern Cardinal 18 Feb 2000 Kipuka Ki Mist net Genesis 0 e
42 Northern Cardinal 18 Feb 2000 Kipuka Ki Mist net Genesis 0 e
43 Northern Cardinal 22 Feb 2000 Kipuka Ki Mist net Genesis 0 -46 Northern Cardinal 28 Feb 2000 Kipuka Ki Mist net Genesis 0 e
10 Japanese White-eye 3 Nov 1999 Ola'a Tr. 16 Mist net Landcare 0 e
11 Japanese White-eye 3 Nov 1999 Ola'a Tr. 16 Mist net Genesis 0 e
12 Japanese White-eye 8 Nov 1999 Ola'a Tr. 16 Mist net Genesis 0 e
13 Japanese White-eye 8 Nov 1999 Ola'a Tr. 16 Mist net Landcare 0 e
14 Japanese White-eye 8 Nov 1999 Ola'a Tr. 16 Mist net Landcare 0 -34 Japanese White-eye 17 Feb 2000 Kipuka Ki Mist net Landcare 0

It35 Japanese White-eye 17 Feb 2000 KipukaKi Mist net Landcare 0

36 Japanese White-eye 17 Feb 2000 Kipuka Ki Mist net Genesis 0 e
39 Japanese White-eye 18 Feb 2000 Kipuka Ki Mist net Landcare 0 It
40 Japanese White-eye 18 Feb 2000 KipukaKi Mist net Genesis 0 e

It
See Appendix 16 and 19 for detailed results of diphacinone analyses. e
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