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I. ABSTRACT

Introduced rats (Rattus rattus, R. exulans, and R. norvegicus) have been implicated in the decline
or extinction of numerous species of plants and animals in Hawaii. This study investigated the
efficacy and safety of aerial broadcast application of Ramik® Green pelletized baits containing
0.005% (50 ppm) diphacinone in reducing rat populations in a forested 45.56 ha (112.58 acre)
treatment plot compared to a 45.56 ha non-treatment plot in Hawaii Volcanoes National Park.
All 21 of the radio-collared rats in the treatment plot died within about 1 week of bait
application, whereas none of the 18 radio-collared rats in the non-treatment plot died. There w-as
a 99% drop in both the rat capture rate and percentage ofnon-toxic census bait blocks gnawed by
rats in the treatment plot relative to the non-treatment plot 3 weeks after bait application. The
one rat captured in the treatment plot 3 weeks after bait application was not ear-tagged (i.e., it
was not a recapture), whereas 44% of the 52 rats captured in the non-treatment plot were ear­
tagged. This supports the interpretation that the rat captured in the treatment plot was likely to
be a post-treatment immigrant rather than a survivor of the treatment. Most of the toxic bait had
disappeared from the forest floor within about 1 month of application. The secondary hazard
potential to predatory and scavenging birds from dead rat carcasses was low (because more than
900/0 of rats died in inaccessible locations). No birds were found dead 1 month or 3 months after
bait application. The remains of a Hawaiian Hawk (10) were found 6 months after bait
application, but it was not possible to detennine the cause of death. We recommend that a case
be made to the EPA for registration of aerial-broadcast application of Ramik® Green bait for the
control of rat populations in conservation areas in Hawaii.

II. INTRODUCTION

A. BACKGROUND

Alien smalltnammal 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 anitnal
species. Today, native wet forests harbor much of Hawaii's remaining endemic biological
diversity. Hawaiian mesic forests cover less area than do wet forests and have been m.uch
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
musculus) are found in a variety of habitats in Hawaii, from sea levelto 3050 m elevation (Stone
1985; Tomich 1986; Lindsey et al. 1999). These rodents, together with the introduced Feral Cat
(Felis catus) and Indian Mongoose (Herpestes auropunctatus) inhabit forest habitat in varying
degrees of sympatry with native Hawaiian forest birds, plants, and invertebrates (Tomich 1986;
Sugihara 1997; Stone and Pratt 2002; USGS/BRD, unpubl. data).

1 Hawaiian names are spelt without diacritical marks except in literature citations and attached documents.
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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 endetnic
Hawaiian avian species and as a major factor limiting present populations of endangered forest
birds (Atkinson 1977; Berger 1981; Scott et al. 1986). In addition, rats prey on native Hawaiian
tree snails (Hatfield 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 cause them to be the greatest
rodent threat to native forest birds. Both Black and Polynesian Rats are also known predators to
native ground and burrow nesting birds (Baldwin 1945; Johnson 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
unpub!. data).

Fruits and seeds of many endemic plant species are 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 (ruCN 2002; U.S. Fish and Wildlife Service 1996, 2002). In a study
carried out in wet montane forests of Maui Island, 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 Pittosporurn spp. Early reports of rat damage in native "Wet
forests included observations of predation on fruits and seeds of the indigenous liana Ieie
(Freycinetia arborea) (Perkins 1903), and endemic Loulu palms (Pritchardia spp.) (Beccari and
Rock 1921).

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

There are only two methods (trapping and bait stations) available for controlling rats affecting
native animal and plant populations in forested areas of Hawaii. Trapping can be an effective
short-term nonchemical means of controlling predators in small or limited areas. 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 on offshore islands, forests, and other non-crop areas. The fish-flavored products are also
registered for use against mongooses. However, trapping and use of bait stations are labor
intensive and impractical for controlling predators over large conservation areas. Studies at the

Page 9 of 191



Hakalau Forest National Wildlife Refuge have demonstrated that, while the use of diphacinone
bait blocks placed in bait s~ations 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). Many of the areas where the flora and
fauna are threatened by rats are remote and rugged, with limited access. The only cost-effective
method for rat control in these areas is the broadcast application of rodenticide bait (Moors et al.
1992; Tobin 1994).

Three preliminary studies have been done in preparation for the development ofbroadcast baiting
for rat control in Hawaii. The first, a standard laboratory feeding bioassay with commercial
Ramik® GreeD pelletized bait, containing 0.005% (50 ppm) diphacinone, determined the
minimum exposure times and amounts of bait required to achieve Environmental Protection
Agency (EPA)-acceptable control of wild-caught rats from Hawaiian ecosystems. These were 7
days and 37.5 g (15 commercial size pellets) for R. rattus, and 6 days and 30.0 g (12 commercial
size pellets) for R. exulans (Swift 1998). The second, a hand-broadcast bait application rates
field study (simulating aerial distribution) using Ramik® Green placebo baits (fonnulated without
diphacinone) and coated with tetracycline hydrochloride (a biological tracer), indicated that an
application rate of 22.5 kg/ha would maximize bait exposure to rats, while minimizing excess
bait usage (Dunlevy et al. 2000). The third, a hand-broadcast toxic baiting field study (simulating
aerial distribution) using Ramik® Green containing 0.005% diphacinone, obtained 100% control
of the populations of all three rat species in two 4-ha study areas, one in wet forest and the other
in mesic forest (Lindsey and Forbes 2000). Repeated hand-broadcast toxic bait applications in
the same study areas were also highly effective (Spurr et al. 2003).

In October 2001, we investigated the effectiveness against rats and safety to non-target species of
aerial-broadcast application of 0.005% (50 ppm) diphacinone bait in a Hawaiian mesic forest
(Kipuka Ki, Hawaii Volcanoes National Park). The research was conducted under Experimental
Use Permit No. 73815-EUP-l from the EPA (Appendix 1), with the approval of the U _ S.
National Park Service (NPS) (Appendix 2), U. S. Fish and Wildlife Service (FWS) (Appendix 3),
Hawaii Division of Forestry and Wildlife (DOFAW) (Appendix 4), and The Nature Conservancy
(TNC) (Appendix 5), and in coordination with the Hawaii Department of Agriculture. An earlier
Biological Opinion prepared by the FWS in accordance with Section 7 of the U. S. Endangered
Species Act concluded that hand-broadcast application of diphacinone bait in 4-ha forest plots
was unlikely tojeopardize the continued existence of the Hawaiian Hawk or 10 (Buteo solitarius)
(Appendix 6). An amendment to that Biological Opinion approved the aerial-broadcast
application of diphacinone bait in a 45-ha plot (Appendix 7). An environmental assessment of
the proposed study (Appendix 8) was accepted by the NPS (Appendix 9).
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B. OBJECTIVES

To develop a safe, economical method to control introduced rats in non-crop conservation areas
of Hawaii, by detennining:

• The efficacy of aerial:·broadcast baiting with 0.005% diphacinone pellet bait in reducing rat
populations.

• The disappearance rate of aerially broadcast 0.005% diphacinone pellet bait from the forest
floor.

• The secondary hazard potential from aerial-broadcast baiting with 0.0050/0 diphacinone
pellet bait.

c. STUDY DESIGN

The study design consisted of a treatment plot and a non-treatment plot, in which rat populations
were monitored before and after treatment.

D. STUDY AREAS

The treatment and non-treatment plots measured 675 m x 675 m (45.56 hectares or 112.58
acres), and were located in mesic forest in Hawaii Volcanoes National Park (HAVO) (see
Appendix 10 and Appendix 11, Amendment No.1). The treatment plot was in Kipuka Ki, and
the non-treatment plot in Kipuka Puaulu, 1.5 km away. Both kipukas were on ancient areas of
deep ash soil surrounded by lava of the late prehistoric Keamoku flows, on the lower slope of
Mauna Loa at 1,200-1,360 m elevation.

Vegetation within the central part of the kipukas was composed of a tall Koa/Ohia/Soapberry
(Acacia koa / Metrosideros polymorpha / Sapindus saponaria) forest. Native ferns and herbs
dominated the ground cover where the forest canopy was dense, but Blackberry (Rubus argutus)
and alien grasses, such as Meadow Ricegrass (Ehrharta stipoides) and Paspalum spp., -w-ere
common in some areas. Kipuka Ki also contained some Jerusalem Cherry (Solanuln
pseudocapsicum). Patches of open grassland with scattered trees also occurred 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. Neither area contained surface
water impoundments or streams. No buildings or other manmade structures were located within
1 km of the treatment plot.

Fauna within the study plots included potentially eight endemic bird species - the Hawaiian
Hawk or 10, Hawaiian Short-eared Owl or Pueo (Asio flammeus sandwichensis), Omao, Elepaio
(Chasiempsis sandwichensis), Apapane (Himatione sanguinea), Iiwi (Vestiaria coccinea), and
Common Amakihi (Hemignathus virens), and one endemic mammal- the Hawaiian Hoary Bat
(Lasiurus cinereus semotus). Introduced bird species included the Barn Owl (Tyto alba), Kalij
Pheasant (Lophura leucomelana), Northern Cardinal (Cardinalis cardinalis), Red-billed
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Leiothrix (Leiothrix lutea), Melodious Laughing Thrush (Garrulax canorus), Japanese White­
eye (Zosterops japonicus) , and Rouse Finch (Carpodacus mexicanus) (Baldwin 1941; Stone and
Pratt 2002). Introduced mammals included the four rodent species (Rattus rattus, R. exulans, R.
norvegicus, and Mus musculus), the Feral Cat, and Indian Mongoose (Stone and Pratt 2002).

A monitoring grid measuring 275 m x 275 m (7.56 ha) was established in the center of each
study plot. The grid consisted of 12 transects 275 m long and 25m apart. Each transect vvas
flagged with markers at 12.5-m intervals. Four of the transect lines extended 100 m beyond each
end of the grid (for a total length of 475 m), and were used for searching for non-target mortality
(see below).

III. MATERIALS AND METHODS

The methods and materials were specified in the Experimental Use Permit application
(Appendix 10), with amendments (Appendix 11) and deviations (Appendix 12).

A. BAITS

The test bait was a fish-flavored, green-colored, pellet formulation of Ramik® Green (Lot No.
144548, RACCO, Inc., Madison, WI), nominally weighing 6 g and containing 0.005% (or 50
ppm) diphacinone (Appendix 13, Appendix 14). The bait was manufactured on 16 September
2000 (Appendix 15) and received on 16 April 2001 (Appendix 16), so was 7 months old when
received.

For quality assurance, the weight of a random sample of 60 individual baits was measured on
19 April 2001. The diphacinone content of a random sample of baits was determined by
RACCa, using high performance liquid chromatography (RPLC), at the time of manufacture in
September 2000 (Mary Ann Douglas, RACCa, pers. comm., Appendix 15). It was determined
again in May 2001 (when the bait was 8 months old) and in February 2002 (when 17 months old)
by Genesis Laboratories Inc. (Wellington, CO), also using RPLC (Malkov and Mach 2002,
Appendix 17). It was also assessed in May 2002 (when the bait was 20 months old) by RACCO
(Mary AIm Douglas, RACCa, pers. corom., Appendix 15).

B. BAIT APPLICATION

The planned total bait application rate was 22.5 kglha (20 lb/acre), although the permit allovved
up to 28 kg/ha (25 lb/acre). Thus, 1025 kg (2252 lb) of bait was required to cover the 45.56 ha
(112.58 acre) treatment plot at the planned application rate. To ensure that the baits vvere
available to rats over the recommended time period of 10-15 days (Dunlevy et al. 2000), one­
half of the bait (512.5 kg or 1126 lb) was to be applied at 11.25 kg/ha (10 lb/acre) on day 1 and
the other half 5-7 days later. In the event, the first application of bait was made on 25 October
and the second on 30 October 2001.
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The bait was applied from a specially designed helicopter bait bucket, imported from Lakeland
Helicopters, Rotorua, New Zealand (Spurr 2002) (Fig. 1), slung under a Hughes 500n helicopter
(Volcano Heli-Tours, Hilo, HI) (see Appendix 11, Amendment No.ll). The bucket consisted of
a conical hopper with a 150 nlm diameter opening in the bottom (that could be closed with a
gate) through which bait flowed onto a spinner that spread the bait over the treatment plot. The
size of the opening could be varied by inserting rings with different-sized internal diameters into
a socket in the bottom of the bucket. The size of the opening in the bottom of the bucket was the
sole determinant of the rate of bait application because the helicopter flew at a constant height
(approximately 150 feet or 45 m) and constant speed (approximately 60 knots, equivalent to
111 km/h or 30.833 mls).

The correct size of opening in the bottom of the bait bucket that was needed to achieve a rate of
application of 11.25 kg/ha of Ramik® Green baits had to be determined by a flow rate test
(Appendix 18). As a result of this test, a wooden ring with an internal diameter of 128 mm w-as
used in the first bait application on 25 October, and a plastic ring with 124 mm internal diameter
in the second bait application on 30 October 2001.

The number of helicopter flights required to cover the treatment area was determined by
measuring the swathe width (the width that the bait bucket was able to spread baits) in a trial
aerial application of placebo Ramik® Green baits on 20 October 2001 (Appendix 19). The size
distribution of the placebo bait before and after application was also measured to detennine
whether there was any significant breakage as a result of being applied from the helicopter bait
bucket (Appendix 20). As a result of these preliminary trials, seven helicopter flights were made
over the 675-m-wide treatment area, with an average swathe width of 96.4 m (675 m wide I 7
flights = 96.4 m), for each toxic bait application. The helicopter flight path on one return flight
(two swathes over the treatment plot) on 30 October 2001 was recorded on a Garmin GPS
(global positioning system).

The accuracy of the toxic bait application was assessed by (a) recording the total amount of bait
applied to the treatment plot, (b) recording the location of baits on transects through the
treatment plot immediately after bait application, and (c) searching for baits at the ends of the
swathes to detennine if there had been any bait applied outside the boundaries (Appendix 21).

C. BAIT DISAPPEARANCE

The disappearance of baits from the forest floor was carried out according to standard operating
procedure (SOP) BRD-12 (Appendix 22). Twenty locations (at least 25 m apart) were randotnly
selected along transects in the first quarter of the central monitoring area, and marked with a
colored wire flag. A bait was then placed beside each marker. The presence or absence of each
bait· and signs of consumption by rats, and feeding by slugs, snails, and other invertebrates, vvere
recorded daily for 14 days or until the bait disappeared or disintegrated. This is a slight
amendment to the protocol outlined in the EUP application (Appendix 11, Amendment No.5).
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D. RAT ACTIVITY INDICES

Rat activity was monitored using three techniques: radio telemetry, live trapping, and non-toxic
census bait blocks.

Radio-telemetry. .Radio-telemetry was carried out according to SOP BRD-IO and BRD-13
(Appendix 22). Radio-transmitters (Holohil PD-2C, weighing 4.2 g) were fitted to 25 Black rats
in the treatment plot (Kipuka Ki) and to 23 Black rats in the non-treatment plot (Kipuka Puaulu),
1 week before the first bait application on 25 October 2001. Four rats in the treatment plot and
five rats in the non-treatment plot lost their transmitters before bait application, reducing the
sample size to a total of21 rats in the treatment plot and 18 rats in the non-treatment plot.

Radio-signals from the radio-collared rats were monitored using portable receivers (Telonics
TR-4) and hand-held two-element directional antennas (Telonics RA-14) for each of
3 consecutive nights immediately before bait application, to confirm that the rats were alive and
active. Following bait application, radio-signals from the radio-collared rats were monitored
nightly for 8 nights, until all rats in the treatment plot were dead (see Appendix 12, Deviation
No.1). A fluctuating, variable-strength radio signal indicated that a rat was alive and active,
whereas a steady radio-signal indicated that the rat was not moving. Each rat not moving during
a nightly monitoring session was tracked down the next morning to determine its location and
fate.

Rats recovered dead were necropsied and examined for green bait within the stomach and
intestines, and for hemorrhaging characteristic of anticoagulant poisoning. The carcasses w-ere
placed in marked containers, frozen, and sent to Landcare Research, Lincoln, New Zealand, for
analysis of diphacinone residues in the liver.

The effectiveness of bait application was determined statistically using a 2 x 2 Chi-square
analysis of the number of radio-collared rats alive vs. dead in the treatment and non-treattnent
plots before and after bait application.

Live-trapping. Live-trapping was carried out according to SOP BRD-04 and SOP BRD-09
(Appendix 22). A total of 144 Haguruma® wire-cage traps (basket traps) were plac~d at 25-m
intervals on transect lines spaced 25 m apart within each study plot. The traps were left cIa sed
for at least 2 weeks before the first trapping to allow the rats time to become accustomed to the
traps. The traps remained at the trap locations throughout the study period. Two weeks before
bait application in the treatment plot, trap locations were pre-baited with shredded coconut for 3
nights, and then the traps were opened and baited with coconut chunks for 4 consecutive nights
(maximum 576 trap-nights). The traps were checked daily, and when possible all rats captured
were identified to species, sex, and age class Guvenile or adult), and then weighed, ear-tagged,
and released (but see Appendix 12, Deviation No. 2). Traps were opened again in each study
plot 3 weeks, 3 months, and 6 months after bait application to determine efficacy and rat
reinvasion rates (Appendix 11, Amendment No.2). As before, the traps were pre-baited vvith
shredded coconut 3 days before they were opened.
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Rat capture rates (the number of rats caught per 100 corrected trap-nights) pre- and post­
treatment, in the treatment and non-treatment plots, were calculated following the nlethod of
Nelson and Clark (1973) (see also Beauvais and Buskirk 1999). That is, 0.5 of a trap-night -was
deducted from the total number of trap-nights for each target and non-target capture and for each
trap sprung without capture.

The percentage reduction in rat capture rates (0/0 kill) from pre- to post-treatnlent in the treatment
plot, relative to the non-treatment plot, was calculated from the formula:

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

where

expected capture rate = capture rate in the treatment plot pre-treatment x (capture rate in the non­
treatnlent plot post-treatment / capture rate in non-treatment plot pre-treatment)

observed capture rate = capture rate in treatment plot post-treatment.

It was not possible to statistically compare rat capture rates per 100 corrected trap-nights in the
treatment and non-treatment plots before and after bait application, to assess the effectiveness of
bait application, because there was no replication of plots (only pseudo-replication of traps).
Chi-square analysis could not be used on the raw data (number of rats caught) because the
analysis could not take into account the different number of trap-nights in each trapping session,
resulting from different numbers of rats and non-target species (house mice, mongooses, and
birds) that were caught, nor could it allow for spatial or temporal correlation between trappings
(Appendix 11, Amendment No.2).

Non-toxic census bait blocks. Non-toxic census bait blocks were monitored for signs of rat
gnawing according to SOP BRD-l1 (Appendix 22). A total of 132 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 in each study plot, but half-way between the live-trap locations
(i.e., at 12.5 m, 37.5 m, 62.5 m, etc. along the transect lines). The census bait blocks were placed
on the transect lines 2 weeks before and I month, 3 months, and 6 months after bait application
to determine efficacy and rat reinvasion rates (Appendix 11, Amendment No.3). They -were
attached to the ground using a I-m wire flag inserted through a hole in the center of the blocks.
For each monitoring session, the bait blocks were examined daily for 2 consecutive days
(maximum 264 bait nights) for signs of feeding by rats or other animals (viz., house :mice,
mongooses, birds, and invertebrates) (Appendix 11, Amendment No.3). Unfortunately, some of
the bait blocks went missing between checks. It was not possible to determine which anilllal
species was removing the bait blocks, so percentage interference was calculated on those blocks
remaining.
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The percentage reduction in the number of census bait blocks gnawed by rats in the treatment
plot relative to the non-treatment plot (% kill), was calculated from the fonnula:

0/0 kill = 100 x «expected nUITlber - observed number) / (expected number))

where

expected number = number in treatment plot pre-treatment x (number in non-treatment plot post­
treatment / number in non-treatment plot pre-treatment)

observed number = number in treatment plot post-treatment.

It was not possible to statistically compare rat gnawing on census bait blocks in the treatment and
non-treatment plots before and after bait application for the same reasons as for live trapping
(viz., because there was no replication ofplots) (Appendix 11, Amendment No.3).

E. MOUSE ACTIVITY INDICES

House mouse activity was monitored using three techniques; kill trapping, live trapping, and
non-toxic censUS bait blocks.

Kill trapping. Fifty-six mouse traps (Victor snap traps) were located at 10m intervals (two traps
per location) along one transect line in each study plot to estimate mouse densities pre- and post­
treatment (Appendix 11, Amendment No.4). Trapping was carried out 3 weeks before, and then
1 month, 3 months, and 6 months after bait application. Within each trapping session, the traps
were baited with coconut chunks, set, and examined daily for 2 days (maximum 112 trap nights).
Captured mice were placed in marked containers and frozen. Frozen specimens were sent to
Genesis Laboratories (Wellington, CO) or Landcare Research (Lincoln, New Zealand) for
analysis of diphacinone residues in the liver. The traps were removed after a trapping session,
and re-Iocated to a new transect for the next trapping session. Mouse capture-rates pre- and post­
treatment in the treatment and non-treatment plots were calculated following the method of
Nelson and Clark (1973). That is, 0.5 of a trap night was deducted from the total number of trap
nights for each target and non-target capture and for each trap sprung without capture.

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

Non-toxic cenSUS bait blocks. House 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).
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F. NON-TARGET SPECIES MONITORING

The presence of avian predators (hawks and owls) was recorded throughout the study whenever
they were observed in the study areas.

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

Four randomly selected transects (475 m long by 5 m wide), spaced at least 25 m apart, in the
treatment and non-treatment plots (representing 2% of each plot), were walked to search for non­
target mortality on 15 October (2 weeks before bait application), and 13 November, 11 February,
and 13 May (3 weeks, 3 months, and 6 months after bait application) (see Appendix 11,
Amendment No.7). Each transect extended 100 m beyond each end of the central study plot.
The searching took about 3 person-hours on each sampling occasion. In addition, at least 500
person-hours were spent in each plot carrying out other activities (such as live-trapping, radio­
telemetry, and census bait block monitoring) on each sampling occasion. Animals found dead
were recorded as to species, weighed, sexed, placed in individually marked containers, frozen,
and retained for diphacinone residue analysis.

Birds of four introduced species, viz., Kalij Pheasant, Red-billed Leiothrix, Northern Cardinal,
and Japanese White-eye, were collected by shooting or mist-netting in the treatment plot 1 month
after the first bait application. Birds (viz., Red-billed Leiothrix) caught in kill-traps set for mice
were also collected to increase sample sizes. The birds were frozen, and initial specimens W"ere
sent to Genesis Laboratories (Wellington, CO) and later specimens to Landcare Research
(Lincoln, New Zealand) for determination of diphacinone residues in the liver (Appendix 11,
Amendment No.6).

Invertebrates found on and/or immediately underneath Ramik® Green baits were recorded at 1­
4-day intervals from 26 October to 16 November 2001. Baits were placed at 2.5-m intervals
beside wire flags on four transect lines, of 25 baits per line, on 25 October and on another four
lines on 30 October 2001. Observations were made during the day, between 0930 and 1300
hours, and at night, using a headlamp, between 1800 and 2000 hours (after sunset), and betW"een
0400 and 0600 hours (before sunrise). Invertebrates were identified to species where possible,
otherwise genus, family, order, or class.

G. ENVIRONMENTAL CONDITIONS

A rain gauge and minimum/maximum thermometer were placed in the treatment plot to monitor
daily weather conditions. Daily rainfall and temperature were recorded by 10 a.m. each morning
for 2 weeks after bait distribution (but see Appendix 12, Deviation No.5).
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IV. RESULTS

A. BAITS

The mean weight of 60 randomly selected baits was 6.29 g (± 0.06 g standard error) per bait. The
diphacinone content of a random sample of baits was 51 ppm at the time of manufacture in
September 2000 (Table 1). This is within the 40 CFR Part 158.175 certified limits (45-55 PPITl).
It was still within the certified limits 20 months later (Table 1).

B. BAIT APPLICATION

A total of 635 kg (1400 lb) of bait was applied on 25 October, and 481 kg (1061 lb) on
30 October, for a grand total of 1116 kg (2461 lb) (Appendix 16). This is more than the planned
1025 kg (2252 lb)~ but still below the pennitted level of 1361 kg (3000 lb). The reason for the
greater amount of bait being applied on 25 October was because some bait was applied outside
the treatment plot~ though still within Kipuka Ki (see Appendix 12, Deviation No.3 for details).
The rate of application within the treatment plot was estimated as 11.83 kg/ha (10.51Ib/acre) on
25 October, and 10.56 kg/ha (9.39 lb/acre) on 30 October, for a total of 22.39 kglha (19.90
lb/acre).

Searches of 12 transects through the monitoring area in the treatment plot after bait application
on 25 October resulted in the finding of858 baits/ha, or 45.8% of the expected 1875 baits/ha (see
Appendix 21). Baits were found on 45.4% of the 1320 plots searched (each 2.5 x 3 m). The
largest strip without baits was 42.5 x 3 m. Searches after the second bait application on
30 October, resulted in the finding of695 baits/ha~ or 37.1 % of the expected 1875 baits/ha. Baits
were found on 37.7% of the plots searched. In addition, 87% of the baits from the first bait
application were found, equivalent to 746 baits/ha. Baits from the firstapplication were easier t9
find than baits from the second application because they had swollen (from absorption of
moisture), and were therefore larger, and they had changed to a brighter green color, which
contrasted more with the background vegetation. The largest strip without baits after the second
application was 82.5 x 3 m.

The helicopter flight path for the first return flight (two swathes over the treatment plot) on
30 October 2001 was close to the prescribed flight path (Fig. 2). GPS recordings of other flight
paths were not recorded. From ground searches made at the end of the flight paths, baits vvere
found up to 30 m outside the treatment plot on 25 October, and up to 80 m outside the treattnent
plot on 30 October (see Appendix 21). This illustrates the difficulty that the pilot faces in
deciding when to close the gate in the bottom of the bait bucket.
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C. BAIT DISAPPEARANCE

The disappearance rate of baits was more rapid after the first application on 25 October than after
the second application on 30 October 2001 (Fig. 3). Rat numbers would have been lower after
the second application. However, a similar percentage of monitored baits (250/0) remained 2
weeks after each application. From incidental observations, most baits had disappeared 1 month
after application. However, the remains of at least one bait were still present on theforest floor
on 25 January 2002, 3 months after application. Some remaining baits (number not quantified)
had signs of feeding by slugs (smooth, slimy hollows on the surface) and other invertebrates,
probably beetles (small particles ofbait around the main piece of the remaining bait).

D. RAT ACTIVITY INDICES

Radio-telemetry. All 21 radio-collared Black Rats in the treatment plot died within 9 days of the
initial bait application on 25 October 2001 (Table 2). None of the 18 radio-collared Black Rats
in the non-treatment plot died in that time. Post-treatment survival of the radio-collared rats in
the treatment plot (0 of 21 rats) and non-treatment plot (18 of 18 rats) was significantly different
(X2 = 39.0, df=== 1, P <0.001).

Carcasses of only six of the 21 radio-collared rats in the treatment plot were recovered. Seven of
the remainder were inaccessible, either underground in aa rock or high up in old trees, and eight
were presumed to have been scavenged, perhaps by mongooses, because the collars were found
without a carcass. In addition to the carcasses of the six radio-collared Black Rats, two other
Black Rats, including an ear-tagged one, were found dead after bait application in the treatm.ent
plot. Necropsies of the eight rats revealed hemorrhaging typical of diphacinone poisoning
(Table 3). All had internal hemorrhaging (under skin, around heart, and in lungs, liver, bladder,
genitals, thoracic cavity, and abdominal cavity) and five also had external hemorrhaging (from
mouth, nose, ear, anus, and genital region). Five of the rats also had green bait in their stomachs
and/or green fecal pellets in their intestines. An average of 4.4 ppm diphacinone was detected in
the livers (n:=: 7, because one was too decomposed to analyse) (Table 3, Appendix 24).

Live-trapping. There was a 99% drop in the rat capture rate in the treatment plot relative to the
non-treatment plot 3 weeks after bait application (Table 4). One week before bait application, 82
Black Rats, 1 Polynesian Rat, and 1 Norway Rat were captured in the treatment plot, and 74
Black Rats in the non-treatment plot. Three weeks after bait application, however, just 1 Black
rat was caught in the treatment plot whereas 50 Black Rats and 2 Polynesian Rats were caught in
the non-treatment plot. Three months after bait application, 14 Black Rats were caught in the
treatment plot and 22 Black Rats in the non-treatment plot. Six months after bait application, 11
Black Rats and 1 Polynesian Rat were caught in the treatment plot, and 15 Black Rats and 1
Polynesian Rat in the non-treatment plot. Thus, most rats caught were Black Rats. The rat
capture rate in the treatment plot was still reduced by 360/0 relative to the non-treatment plot
6 months after bait application (Table 4).
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The one rat captured in the treatment plot in November, 3 weeks after the initial bait application
in October, was not ear-tagged (i.e., it was not a recapture from before bait application).
Likewise, of the 14 rats captured in February, 3 months after bait application, and 12 rats
captured in April, 6 months after bait application, none had been captured and ear-tagged before
bait application. In contrast, in the non-treatment plot, 44% of the 52 rats captured in November,
55% of the 22 rats captured in February, and 44% of the 16 rats captured in April had been
captured and ear-tagged in October (Table 5).

Proportionately more males and proportionately more juveniles were caught in the treatment plot
than in the non-treatment plot after bait application (Table 6). However, most of the rats caught
in the treatment plot in the first 6 months after bait application were adult males. This lTIay
reflect the time of year (autumn) that the trial poisoning operation was carried out. The rat
capture rate in the non-treatment plot declined naturally from October 2001 to May 2002,
presumably as a result of no or little breeding or recruitment over winter. Thus, there may have
been fewer juveniles available to re-colonize the treatment plot than if the trial poisoning
operation had been done in spring or summer.

Non-toxic censuS bait blocks. Rat gnawing on remaining census bait blocks was reduced by 990/0
in the treatment plot relative to the non-treatment plot 3 weeks after bait application, and "Was
still reduced in the treatment plot 6 months after bait application (Table 7). In addition, the
incidence of missing census bait blocks was reduced by 970/0 in the treatment plot relative to the
non-treatment plot 3 weeks after bait application, and also was still reduced in the treatment plot·
6 months after bait application.

E. MOUSE ACTIVITY INDICES

Kill-trapping. The number of House Mice caught in snap-traps was reduced by 79% in the
treatment plot relative to the non-treatment plot 3 weeks after bait application (Table 8). The one
mouse captured in the treatment plot 3 weeks after bait application contained 3.8 ppm
diphacinone in its liver (mouse # 4068 in Appendix 24). Mouse numbers recovered to pre­
poison levels 3 months after bait application, and were nearly 3 times pre-poison levels 6 months
after bait application.

Live-trapping. The number of House Mice caught in live traps was reduced by 76% in the
treatment plot relative to the non-treatment plot 3 weeks after bait application (Table 9). Two of
the mice captured. in the treatment plot 3 weeks after bait application contained 0.42 and 1.3 ppm
diphacinone in their livers (mouse # 4073 and 4076 in Appendix 24). Mouse numbers recovered
to near pre-poison levels 3 months after bait application.

Non-toxic census bait blocks. House Mouse gnawing on census bait blocks was reduced by 930/0
in the treatment plot relative to the non-treatment plot 1 month after bait application (Table 10).
Mouse gnawing on bait blocks increased to two-thirds of the pre-poison levels 3 months after
bait application.
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F. NON-TARGET SPECIES ASSESSMENT

Presence of avian predators. A pair of Hawaiian Hawks was present in the treatment plot
throughout the study. They had a juvenile with them at the time of bait application in October
2001. The fate of the juvenile is not known, but the pair was still present 1 month after bait
application. The remains of a dead Hawaiian Hawk (feathers, beak, and legs) were found in the
treatment plot on 9 May 2002, 6 months after bait application (see below), and the species
determination was confirmed by Dr. Storrs Olson of the Smithsonian Institution. One Hawaiian
Hawk was seen occasionally in the non-treatment plot throughout the study. No Hawaiian Short­
eared Owls were seen in either the treatment or non-treatment plots.

Locations of dead rats. All six of the radio-collared rat carcasses that were recovered after bait
application were in locations inaccessible to Hawaiian Hawks or other avian predators
(Table 11). One other radio-collared rat (#70), found 4 days after the first bait application,
barely alive, bleeding from the ventrum and stumbling along on a fallen branch during the
daytime, was exposed to avian predators. Its carcass was not recovered but its radio-collar "Was
found later on the ground surface. Seven other radio-collars were also found without rats, all in
locations inaccessible to avian predators. Seven dead radio-collared rats were unable to be .
recovered, and these were also all in locations inaccessible to avian predators (viz., deep in
hollows of old trees or under immovable aa rock). Thus, of the 21 radio-collared rats, 20 (95%)
were considered to have died in locations inaccessible to avian predators, and only one (50/0) in a
location accessible to avian predators.

In addition to the above, one unmarked Black Rat was found barely alive 4 days after the first
bait application, stumbling along on the ground surface during the daytime, accessible to avian
predators. Also, the carcass of one ear-tagged (but not radio-collared) Black Rat was found dead
7 days after bait application, in underbrush at the base of a tree, inaccessible to avian predators.

Searches for dead non-target species. No dead non-target species were found during any of the
ground searches in the treatment or non-treatment plots (in about 3 person-hours, covering 2% of
each plot). However, two dead rats (see above), three dead mice, and the remains of a dead
Hawaiian Hawk (feathers, beak, and legs) were found during extensive visits to the treatlTIent
plot for radio-telemetry, live-trapping, and census bait block surveys (at least 500 person-hours
in October before bait application, and again in November, February, and May, 1 month,
3 months, and 6 months after bait application). Two dead mice were found 6 and 7 days after the
first bait application, on the ground surface, exposed to avian predators. They contained 2.1 and
2.4 ppm diphacinone in their livers (mouse # 4066 and 4067 in Appendix 24). The third dead
mouse was found 9 days after the first bait application, in a nest under a log inaccessible to avian
predators. The diphacinone concentration in its liver was not determined. The remains of the
Hawaiian Hawk were found on 9 May 2002, 6 months after bait application. There was no
evidence to indicate whether the bird was an adult or a juvenile, or how it died.
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Diphacinone residues in birds. Residues of diphacinone were detected in the liv.ers of all Kalij
pheasant, Red-billed Leiothrix, and Northern Cardinal, but not in Japanese White-eye captured
alive in the treatment plot 1 month after bait application (Table 12, Appendix 25). The highest
residue level (4.9 ppm) was found in a Red-billed Leiothrix (# 4021 in Appendix 24). The
sample sizes were too small to be certain of the true proportion of the bird populations that had
ingested diphacinone, and too small to say that no Japanese White-eyes had ingested

diphacinone. ( t..)IM*\) S.Pi:.~~ ttl. Is It i.-\~
I (~a1 diOt t.~

Invertebrates eating baits. At least 35 species of invertebrates were observed Aon and/or
immediately under Ramik® Green baits (Table 13). The most common were Collembola
(possibly more than one species), a large black Carabid beetle (Laemostenus complanatus
Dejean, 1828), and the Garlic snail (Oxychilus alliarius) (Fig. 4). Carabid beetles formed the
greatest biomass on baits, especially at night, and reduced baits to crumbs in a matter of days.
Garlic snails and slugs (Deroceras spp., Limax maximus, and Milax gagales) also actively fed on
baits, and green bait particles were found in their gut and feces. Slugs characteristically left
smooth, slimy hollows on the surface ofbaits.

G. ENVIRONMENTAL CONDITIONS

The mean daily rainfall recorded for the 5 days after the first bait application (26-30 October)
was 3.7 mm, and for the 9 days after the second bait application (31 October-8 November) was
1.0 mm. The average maximum and minimum daily temperatures for the 5 days after the first
bait application were 73.0 OF and 51.7 OF, respectively. Temperatures were not recorded for the
9 days after the second bait application (Appendix 12, Deviation 4).

v. DISCUSSION

This study successfully achieved its objectives. Aerial-broadcast application of Ramik® Green
bait containing 0.0050/0 (50 ppm) diphacinone, at 22.5 kg/ha (in two applications of 11.25 kg/ha,
1 week apart), was followed by 1000/0 mortality of rats based on radio telemetry results and 99%
mortality of rats based on live trapping and non-toxic census bait block interference results. The
synchronous death of rats following the application of toxic bait, together with the presence of
bait in their stomachs, bleeding characteristic of anticoagulant poisoning, and diphacinone
residues in their livers, indicate that the rats likely died of diphacinone poisoning. Most of the
toxic bait had disappeared from the forest floor within about 1 month of application. The
secondary hazard potential to predatory and scavenging birds from dead rat carcasses was low
(because more than 90% of rats died in inaccessible locations). Thus, the results of this study, as
with those of the hand-broadcast study (Spurr et al. 2003), demonstrate that Ramik® Green bait
containing 50 ppm (0.005%) diphacinone, broadcast at 22.5 kg/ha, is highly effective in reducing
populations of rats (predominantly Black Rats) in forest habitat in Hawaii.

As noted by Spurr et al. (2003), the different methods of monitoring the efficacy of toxic bait
application had different strengths and weaknesses. Radio-telemetry was the best method,
because it enabled the fate of known individuals to be determined. Live-trapping, with ear-
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tagging, was also useful but it was not possible to be certain whether the rat without ear-tags
captured in the treatment plot 3 weeks after bait application was present before bait application
and survived (by not encountering baits, encountering baits but not eating them, or eating
insufficient bait), or whether it had only moved into the treatment plot after bait application. The
length of time between bait application and live-trapping (3 weeks), the ability of rats to move
over distances of several hundred meters within this period of time, and the fact that 440/0 of the
rats captured in the non-treatment plot were recaptures supports the interpretation that it was
likely to be an immigrant rather than a survivor of the treatment. Interference to non-toxic
census bait blocks was the most difficult method to interpret because of the difficulty of deciding
which species (rats, mice, mongooses, birds, or invertebrates) had interfered with the census
blocks and deciding what to do about missing census blocks (Spurr et al. 2003). In this study,
missing census blocks were deleted from the calculations, and this could have exaggerated the
percentage interference to the remaining blocks by less common species. Nevertheless, the
reduction in missing census blocks and in rat interference to the remaining census blocks after
bait application indicates a successful reduction in rat numbers.

The rats captured in this study were predominantly Black Rats. Insufficient Norway and
Polynesian Rats were captured to determine the effect of aerial application of Ramik® Green bait
on their population numbers. It has been reported that Polynesian Rats may be less likely than
Black Rats to take baits from bait stations (Lindsey et al. 1971; Nelson et al. 2002). However, all
Polynesian Rats captured by Dunlevy et al (2000) had eaten placebo Ramik® Green bait hand­
broadcast on the ground.

The length of time that bait remained on the forest floor does not appear to have presented a
hazard to birds from direct consumption of bait because no mortality ofbirds likely to have eaten
bait was observed. The presence of diphacinone residues in the livers of Kalij Pheasants.(up to
0.18 ppm), Red-billed Leiothrix (up to 4.9 ppm), and Northern Cardinals (up to 0.13 ppm), all
seed-eating and/or omnivorous birds, indicates that they had eaten bait. However, the
concentration of diphacinone found in the livers of these birds is much less than the LDso jof
diphacinone of 1630 ppm for the Bobwhite Quail (Colinus virginianus) and 3158 ppm for
Mallard Duck (Anas platyrhynchos), the only bird species for which data are available (Tomlin
1994). Bird species so far observed eating Ramik® Green baits are the Kalij Pheasant (Spurr et
al. 2002), Erckel's Francolin (Francolinus erckelli), Japanese Bush Warbler (Cettia diphone),
and Red-billed Leiothrix (P. Dunlevy and E. Campbell pers. comm.).

The secondary hazard potential to predatory and scavenging birds (such as the Hawaiian Hawk
and Hawaiian Short-eared Owl) from dead rat carcasses was low, because more than 90% of rats
died in inaccessible locations. Lindsey and Mosher (1994) reported that avian predators did not
take any of the dead (kill-trapped) rats that they placed on the forest floor, but mammalian
predators rapidly found and consumed them. Lindsey and Mosher (1994) also reported that
radio-collared rats moving during the day, before and after consuming diphacinone bait,
remained under cover, minimizing their exposure to avian predators. However, one radio­
collared diphacinone-poisoned rat in our study was found moving on the forest floor accessible
to avian predators during the day. The Hawaiian Hawk that was found dead in the treatment plot
in our study was not found until 6 months after bait application, despite extensive visits to the
treatment plot 1 nl0nth and 3 months after bait application, and there was no evidence left to
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indicate how it died. In general, the risk of secondary poisoning from first-generation
anticoagulants such as diphacinone is considered low (Joermann 1998; Eason et al. 2002). For
example, in a captive feeding experiment, two out of two Barn Owls survived being fed
diphacinone-poisoned rats daily for 10 days (Mendenhall and Pank 1980).

The secondary hazard potential to insectivorous non-target species (birds and bats) from
ingestion of invertebrates that have eaten baits was not assessed directly in our study. No
insectivorous birds or bats were found dead. Invertebrates that have eaten baits are more likely
to form part of the diet of non-target species that scavenge in the forest litter rather than of those
that feed from tree trunks or in the canopy. However, even ifbirds and bats did eat invertebrates
that had eaten baits, it is unlikely that they would be able to ingest enough to receive a lethal
dose of diphacinone.

By checking baits at night as well as during the day, we found a larger range of invertebrates on
baits than Dunlevy et al. (2000) found during the day. Invertebrates that eat Ramik® Green baits
are unlikely to be killed by diphacinone because they do not have the same blood clotting
systems as vertebrates (Shirer 1992). As well as posing a potential risk of secondary poisoning
to insectivorous non-target species, invertebrate consumption of baits also reduces bait
availability to rats. However, the extent of this consumption was not sufficient to affect the
efficacy of the bait application for rat control.

Rat populations reduced by rodenticides nonnally recover rapidly by invasion of new rats,
normally within 3-12 months (Innes et al. 1995; Nelson et al. 2002; Spurr et al. 2003).
Consequently, rodenticides need to be applied continuously or at intervals after the first
application. For example, it may be possible to increase the breeding success of some species of
birds with annual application of baits for rat control during the peak bird breeding season, of say
April-July (Ralph and Fancy 1994).

Future research should investigate the effectiveness of broadcast application of baits for the
control of other predators such as Indian Mongooses, and ways of improving the control of
House Mice, with the aim of implen1enting multi-species control for the restoration of forest
flora and fauna in Hawaii. Mongooses (with an LDso 0.18 mg/kg) are highly sensitive to
diphacinone (Keith et al. 1990), and a recent trial application of 50 ppm diphacinone bait blocks
in bait stations was highly effective in reducing mongoose numbers (Smith et al. 2000). House
Mouse numbers were reduced by the aerial application of 50 ppm diphacinone bait in this study,
but not by as much as rat nunlbers. 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.

Based on the success of this and previous studies (Lindsey and Mosher 1994; Swift 1998;
Dunlevy et al. 2000; Spurr et al. 2003), we recommend that both hand- and aerial-broadcast
application of Ramik® Green bait be submitted for registration by the EPA for the control of rat
populations in conservation areas in Hawaii.
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VIII. TABLES

Table 1. Diphacinone content of Ramik® Green baits used in the aerial-broadcast trial,
Hawaii Volcanoes National Park, 25 and 30 October 2001.
(Mean and standard deviation).
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Table 2. Number of radio-collared rats alive in the treatment plot relative to the non­
treatment plot after aerial application of Ramik® Green bait, Hawaii Volcanoes National Park,
25 and 30 October 2001.

Treatment % Change
plot after treatment

Date

Before (22 Oct-24 Oct 01)

After (25 Oct-3 Nov 01)

Non-treatment
plot

18

18
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Table 3. Signs of diphacinone poisoning in radio-collared rats found dead after aelial
application of Ramik® Green bait, Hawaii Volcanoes National Park, 25 and 30 October 2001.
(Rat 95 was not tested for diphacinone residues because too decomposed).

Necropsy results
Rat number Diphacinone

Tx BRD LCR Internal External Green-dyed (ppm) in liver
# # # bleeding bleeding gut
62 4 4011 + + + 2.4
66 3 4010 + + + 6.5
95 2 4009 + +
97 6 4013 + + 12.0
99 8 3989 + + 4.1

1 4008 + + 0
5 4012 + + 3.5
7 3988 + + 2.1

Total or average 8/8 5/8 5/8 4.4

Tx # is the radio-transmitter number, BRD # is Biological Resources Division number,
LCR # is Landcare Research toxicology laboratory number. See Appendix 24 for details.
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Table 4. Rat capture rates (rats per 100 corrected trap nights) in live-traps in the treatment
plot relative to the non-treatment plot after aerial application ofRamik® Green bait, Hawaii
Volcanoes National Park, 25 and 30 October 2001.

Time

Before (16-19 Oct 01)

After 3 weeks (14-17 Nov 01)

After 3 months (12-15 Feb 02)

After 6 months (7-10 May 02)

Non-treatment Treatment % Change
plot plot after treatment

15.4 20.0

10.1 0.2 -98.5

4.2 2.8 -48.7

2.9 2.4 -36.3
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Table 5. Percentage of rats recaptured after aerial-broadcast application of Ramik® Green
bait that had been captured and ear-tagged before application ofbait, Hawaii Volcanoes National
Park, 25 and 30 October 2001.
(n = number of rats captured).

Time Non-treatment plot Treatment plot
% (n) % (n)

After 3 weeks (14-17 Nov 01) 44.2 (52) 0.0 (1)

After 3 months (12-15 Feb 02) 54.5 (22) 0.0 (14)

After 6 months (7-10 May 02) 43.8 (16) 0.0 (12)

Page 33 of 191



Table 6. Sex and age classes of rats caught before and after aerial-broadcast application of
Ramik® Green bait, Hawaii Volcanoes National Park, 25 and 30 October 2001.
(Sample sizes differ from Table 5 because some rats escaped before they could be sexed or
aged).

Time Sex ratio Age ratio
Non-treatment Treatment Non-treatment Treatment

M:F (n) M:F (n) Ad:Juv (n) Ad:Juv (n)
Before
(16-19 Oct 01) 60:40 (65) 54:46 (79) 52:48 (65) 40:60 (79)
After 3 weeks
(14-17 Nov 01) 53:47 (47) 100:0 (1) 66:34 (47) 0:100 (1)
After 3 months
(12-15 Feb 02) 55:45 (22) 77:23 (13) 95:5 (22) 54:46 (13)
After 6 months
(7-10 May 02) 46:54 (13) 80:20 (10) 100:0 (13) 90:10 (10)

M = n1ale, F = female, Ad. = adult, Juv. = juvenile.
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Table 7. Rat gnawing on census bait blocks (percentage of those remaining that were
gnawed), and percentage change in gnawing in the treatment plot relative to the non-treatment
plot after aerial application of Ramik® Green bait, Hawaii Volcanoes National Park, 25 and 30
October 2001.
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Time

Before (11-12 Oct 01)

After 7 weeks (5-6 Dec 01)

After 3 months (6-7 Feb 02)

After 6 months (2-3 May 02)

Non-treatment Treatment % Change
plot plot in treatment plot

46.8 59.4

51.1 0.8 -98.8

64.8 18.8 -77.1

47.2 19.2 -68.0
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Table 8. Mouse captures (per 100 corrected trap-nights) in snap traps, and percentage
change in capture rates in the treatment plot relative to the non-treatment plot after aerial
application of Ramik® Green bait, Hawaii Volcanoes National Park, 25 and 30 October 2001.

Time

Before (2-3 Oct 2001)

After 1 month (29-30 Nov 2001)

After 3 months (24-25 Jan 2002)

After 6 months (25-26 Apr 2002)

Non-treatment Treatment % Change
plot plot after treatment

1.19 4.46

1.09 0.86 -78.9

2.17 5.00 -38.5

0.96 12.50 +247.4
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Table 9. Mouse captures (per 100 corrected trap-nights) in live-traps, and percentage
change in capture rates in the treatment plot relative to the non-treatment plot after aerial
application of Ramik® Green bait, Hawaii Volcanoes National Park, 25 and 30 October 2001.
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Time

Before (16-19 Oct 2001)

After 3 weeks (14-17 Nov 2001)

After 3 months (12-15 Feb 2002)

After 6 months (7-10 May 2002)

Non-treatment Treatment
plot plot

4.1 11.2

2.1 1.4

2.1 8.0

0.4 8.1
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% Change
after treatment

-75.6

+39.5

+641.3



Table 10. Mouse gnawing on census bait blocks (percentage of those remaining that were
gnawed), and percentage change in gnawing in the treatment plot relative to the non-treatment
plot after aerial application of Ramik® Green bait, Hawaii Volcanoes National Park, 25 and
30 October 2001.

Non-treatment Treatment % Change
plot plot after treatment

Before (11-12 Oct 2001) 6.3 30.2

1 month after (5-6 Dec 2001) 31.9 10.1 -93.4

3 months after (6-7 Feb 2002) 7.4 22.1 -36.0

6 months after (2-3 May 2002) 13.2 21.2 -66.5
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Table 11. Locations where radio-collared rats were found dead in the treatment plot after
aerial application of Ramik® Green bait, Hawaii Volcanoes National Park, 25 and 30 October
2001.

Rat Recovered
no.
60 Radio collar only
62 Carcass
66 Carcass
67 Stationary radio signal only
70 Radio collar only
71 Radio collar only
73 Stationary radio signal only
74 Stationary radio signal only
76 Stationary radio signal only
78 Radio collar only
80 Stationary radio signal only
82 Radio collar only
84 Stationary radio signal only
87 Radio collar only
90 Radio collar only
94 Carcass
95 Carcass
97 Carcass
98 Stationary radio signal only
99 Carcass
100 Radio collar only

Location

Underground in soil
Underground in aa
In dense vegetation
In tree
On ground surface
In dense vegetation
Underground in aa
In tree
In tree
In dense vegetation
In tree
Underground in soil
Underground in aa
Under log
In dense vegetation
In dense vegetation
Underground in aa
In dense vegetation
Underground in aa
In dense vegetation
Underground in aa
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Table 12. Diphacinone residues in the livers of non-target bird species collected alive
1 month after aerial application of22.5 kg/ha of Ramik® Green bait containing 50 ppm
diphacinone, Hawaii Volcanoes National Park, 25 and 30 October 2001.

Kalij Red-billed Northern Japanese
Pheasant Leiothrix Cardinal White-eye

Nurnbersampled 2 8 2 5

0/0 positive diphacinone 100 100 100 0

Mean ppm diphacinone 0.15 2.45 0.11 0

Range ppm diphacinone 0.12-0.18 0.74-4.9 0.08-0.13 0-0

See Appendix 17, 24, and 25 for details.

Page 40 of 191

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



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

Table 13. Invertebrate species observed on and/or immediately under Ranlik® Green bait
containing 50 ppm diphacinone, Hawaii Volcanoes National Park, October-November 2001.

Class Order Family Genus and species
Oligochaeta Earthworm sp.
Gastropoda Stylommatophora Zonitidae Oxychilus alliarius (garlic snail)

Agriolimacidae Deroceras laeve
Agriolimacidae Deroceras reticulatum
Agriolimacidae Deroceras sp.
Limacidae Limax maximus
Milacidae Milax gagates

Turbellaria Tricladida Flatworm sp.
Crustacea Isopoda Porcellionidae Porcellio scaber

Amphipoda Amphipod sp.
Arachnida Araneida Spider sp.

Acarina Mite sp.
Myriapoda Diplopoda Large millipede sp.

Small millipede sp.
Chilopoda Centipede sp.

Collembola Collembola Entomobryidae Springtail sp.
Insecta Dermaptera Forficulidae? Earwig sp.

Orthoptera Acrididae Grasshopper sp.
Gryllidae Cricket sp.

Hemiptera Lygaeidae Seed bug sp.
Coleoptera Carabidae Laemostenus complanatus

Carabidae Small brown beetle sp.
Carabidae Medium brown beetle sp.
Elateridae Click beetle sp.
Nitidulidae Sap beetle sp.
Staphylinidae Rove beetle sp.

Diptera Tipulidae Crane fly sp.
Drosophilidae Fruit fly sp.
Phoridae Phorid sp.
??? Fly sp.

Lepidoptera Lepidopteran sp. (larva)
Lepidopteran sp. (larva)
Lepidopteran sp. (larva)

Hymenoptera Formicidae Ant sp.
Psocoptera Psocidae Bark louse sp.
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IX. FIGURES

Figure 1. Helicopter bait bucket used for aerial application of Ramik® Green bait in the
treatment plot, Kipuka Ki, Hawaii Volcanoes National Park, 25 and 30 October 2001

Figure 2. Flight path of helicopter recorded by Garmin GPS during aerial application of the first
and second swathe of Ramik® Green bait in relation to proposed flight path over the treatment
plot, Kipuka Ki, Hawaii Volcanoes National Park, 30 October 2001

Figure 3. Disappearance rate of Ramik® Green bait (expressed as % baits remaining on the
forest floor) after aerial application in the treatment plot, Kipuka Ki, Hawaii Volcanoes National
Park, 25 and 30 October 2001

Figure 4. Invertebrates observed on Ramik® Green baits in the treatment plot, Kipuka Ki,
Hawaii Volcanoes National Park, October-November 2001
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Figure 1. Helicopter bait bucket used for aerial application ofRamik® Green bait in the
treatment plot, Kipuka Ki, Hawaii Volcanoes National Park, 25 and 30 October 2001.
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Figure 2. Flight path of helicopter recorded by Garmin GPS during aerial application of the first
and second swathe of Ramik® Green bait in relation to proposed flight path over the treatment
plot, Kipuka Ki, Hawaii Volcanoes National Park, 30 October 2001.



Figure 3. Disappearance rate ofRamik® Green bait (expressed as % baits remaining on the
forest floor) after aerial application in the treatment plot, Kipuka Ki, Hawaii Volcanoes National
Park, 25 and 30 October 2001.
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Figure 4. Invertebrates observed on Ramik® Green baits in the treatment plot, Kipuka Ki,
Hawaii Volcanoes National Park, October-November 2001.
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x. APPENDICES

Appendix 1. Experimental Use Pennit.
Appendix 2. Concurrence letter from U.S. National Park Service.
Appendix 3. Concurrence letter from U.S. Fish and Wildlife Service.
Appendix 4. Concurrence letter from State of Hawaii Division of Forestry and Wildlife.
Appendix 5. Concurrence letter fronl The Nature Conservancy of Hawaii.
Appendix 6. Biological opinion from U.S. Fish and Wildlife Service.
Appendix 7. Amendment to biological opinion from U.S. Fish and Wildlife Service.
Appendix 8. Environmental assessment report.
Appendix 9. National Park Service acceptance of environmental assessment report.
Appendix 10. Application for Experimental Use Pennit.
Appendix 11. Amendments to protocols in EUP application.
Appendix 12. Deviations from protocols in EUP application.
Appendix 13. Ramik® Green label.
Appendix 14. Material safety data sheet.
Appendix 15. HACCa certificates of analysis ofRamik® Green bait.
Appendix 16. End-use product tracking fonn for Ramik® Green bait.
Appendix 17. Malkov and Mach (2002), Genesis Laboratories report.
Appendix 18. Flow rate ofRamik® Green bait through the helicopter bait bucket.
Appendix 19. Swathe width of Ramik® Green bait applied by the helicopter bait bucket.
Appendix 20. Bait size distribution before and after aerial application.
Appendix 21. Accuracy of aerial application of toxic bait in the treatment plot.
Appendix 22. Standard Operating Procedures.
Appendix 23. Timetable of monitoring activities.
Appendix 24. Landcare Research toxicology laboratory analysis report.
Appendix 25. Diphacinone residues in birds.
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Attention: Dr. David Foote

Shipment and/or use under this permit is subject to the provisions of 40 CFR 172.

January 25,2000
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UNITEDSTA~S ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

Experimental Use Permit No. 73815-EUP-I
Approv~of Experimental Use Permit (EUP)

to Control In~oducedRat Populations
Your Appl~cationfor Experimental Use ofMay 1, 2000
Quantities Authorized: 3,000 Pounds of0.005% Bait or 0.] 5 Pounds of

Diphacinone as Active Ingredient
Acreage Authorized: 120 Acres
Effective Dates: January 24,2001 to January 24, 2002

Subject:
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. OFFICE OF
PREVENTION. PESTICIDES
AND TOXIC SUBSTANCES

Biological Resources Division
US Geological Survey
Pacific Island Ecosystems Research Center
P.O. Box 44
Hawaii National Park, HI 96718

PRIOR TO SHIPMENT AND/OR USE OF THIS MATERIAL, YOU MUST
CONSULT WITH THE STATE PESTICIDE REGULATORY OFFICIALS OF THE
STATES IN WHICH YOUR EXPERIMENTAL PROGRAM WILL BE CONDUCTED
AND OBTAIN A STATE PERMIT OR LICENSE IF SUCH IS REQUIRED. ISSUANCE
OF THIS FEDERAL PERMIT DOES NOT NEGATE THE NEED ¥OR PERMISSION
FROM INDIVIDUAL STATES. IN ADDITION, PRIOR TO INITIATION OF THIS
EXPERIMENTAL PROGRAM IN AN STATE, YOU ARE TO NOTIFY THE STATE

Based upon infonnation submitted with the above letter, the Agency is hereby
approvj~gthe above experimental use pennit for one year, under section 5 of the Federal
Insecticide, Fungicide, and Rddenticide Act (FIFRA) (86 Stat. 983).. Ramik Green rodent bait,
manufactured by Hacco, Inc. ofMadison, WI 53.707 will be used in two ldpukas (forested area)
·to control commensal rats and other introduced species~ Killing rats is expect to enhance the
survival prospects of threatened and endangered types ofplants and animals. The Agency
considers this EUP to be a non-food, non-feed use, as set forth below.

Appendix 1. Experimental Use Pennit.



DIRECTIONS FOR USE

0:15 Pounds
(3000 Pounds of 0.005%

Bait)

0.15 Pounds
(3000 Pounds of 0.005%

Bait)

120I.Hawaii

A. Region 9

Use of this product in a manner inconsistent with the terms of this
Experimental Use Pennitis a violation of Federal Law.
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USE RESTRICTIONS: This product may be used experimentally to
control roof rats (Rallus rattus), Polynesian rats (R. exulans), Norway
rats (R. norvegicus) and house mice (Mus musculus) on Kipuka Ki on
Mauna Loa on the Island of Hawaii. Use of this product must be
supervised by Dr. David Foote, Kilauea Field Station, Biological

Page 2 of 4

1) Follow the labeling accepted for this product today, January 24,2001, which is
applicable for this experimental use pennit. Prior to registration of this product
under section 3 of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) ,
you will need to address any outstanding data requirements.

The subject product will be applied subject to the following conditions:

2) Revise the use directionstm the proposed experimental use pennit (EUP) label to
read as shown below.

LEAD AGENCY OF THE STATES IN WHICH YOUR EXPERIMENTAL PROGRAM
WILL BE CONDUCTED OF THE SPECIFIC TESTING PROGRAM (WHEN, WHERE,
HOW MUCH, ETC.). FAILURE TO DO SO MAY RESULT IN REVOCATION OR
MODIFICATION OF THIS EXPERIMENTAL USE PERl\UT.

Based upon the experimental program submitted, this product may be shipped for use
under this permit to the following states· in the amounts set forth in the following table.

••••••••••••••••••••••••••••••••••••••••••••
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Resources Division (BRD), U.S. Geological Survey (USGS). This
product was manufactured at the request of the USGSIBRD, ·Kimauea
Field Station, Hawaii National Park; and the National Park Service,
U.S. Department of the Interior, Hawaii Volcanoes National· Park.
Refer to the program outline in the application for this experimental
use pennit (2393-EUP-l), as.modified by ~PA's acceptance letter and
this label, for additional details on the use of this product.

APPLICATION DIRECTIONS: Broadcast bait pellets aeri.ally by
helicopter on manually at a rate of 10-12.5 lbs of bait per acre per
treatment. Five to seven days after the first application, make a .
second broadcast application at a rate no higher than 12.5 Ibsofbait
per acre. Do not exceed a cumulative application rate of25 Ibs of bait
per treated acre.

3). For a §24(c) registration, the "DIRECTIONS FOR USEIl section should be more
complete and explicit than for an experimental use pennit, and should clearly
indicate what is required of users. We suggest the text shown below (assuming
that the baiting procedures and rates proposed for this EUP tum out to be
appropriate and that we have reflected jurisdictional authorities appropriately).

DIRECTIONS FOR USE

It is a violation of Federal 4w to use this product in a manner
inconsistent with its labeling.

USE RESTRICTIONS: This product may only be used to control
roof rats (Rattus rat/us), Polynesian rats (R. exulans), Norway rat~ (R.
norvegicus), house mice (Mus musculus), and small Indian mongoose
(Herpestes auropunctatus) in forests, offshore islands, national parks,
refuges, and other reclamation areas to protect native threatened or
endangered species ofplants and animals. Use of this product must
be approved by the U.S. Department of Interior (USDI) and the
Hawaii Department of Land and Natural Resources (HDLN~). All
applications must be made or directed by a Federal or State agency
authorized to use this product.

Do not use this bait in areas occupied by the endangered Hawaiian.
crow (Kana area on the Island of Hawaii) unless specific approval is
obtained from the USDI and HDLNR.

Do not apply this product in or around crops grown for human food or
animal feed. Do not graze livestock in treated areas. Do -not use this
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Meredith Laws~ Acting Branch Chief
Insecticide-Rodenticide Branch
Registration Division (7504C)

Sincerely,

~~

product on any site where the control objective could be met by
applying rodenticides in secured, tamper-resistant bait stations. .

4Page 4 of

Report any signs of secondary poisoningof aI!i~als o~er than target
rodents or small Indian mongoose to the Pesticides Branch of the
Hawaii Department ofAgriculture within 24 hours of discovery.

APPLICATION DIRECTIONS: Broadcast bait pellets aerially by
helicopter on manually at a rate of 5 to 10 Ibs ofbait per acre per
treatment. Retreat area at 5 to 10 lbs of bait per acre 5 to 7 days after
first tre~tment. If rat activity persists after second treatment and
rodents. continue to accept bait, make hand. broadcast applications in
areas where there is residual rat activity. Do not exceed a cumulative
application rate of25 lbs of bait per treated acre.

Check treated and surrounding areas periodically for signs of dead
animals. Collect and dispose of animal carcasses, unless instructed by
a State or Federal agency to have carcass retained for evaluation.
Dispose ofdead animals. at a sanitary landfill or by burial on site.
Burial on site shall be at a depth such that nontarget vertebrate
animals will not gain access to the carcass.
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e-.------::-::--;;-----=---:-;-;-;----;----;-~____:_~~______::_::_:~_=_:_::_=_~=_=__=_~____;_:___p__~--~-a 4) final report will be required at the end of the experimental program, including all
• items in 40 CFR 172.8(b).
tite If you have any questions about this approval, please contact Mr. Dan Peacock by phone (703-e 305-5407), fax (703-305-6596), or E-Mail (peacock.dan@epa.gov).
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NOT FOR SALE
FOR RESEARCH PURPOSES ONLY

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

Active Ingredient:
Diphaci no ne (2-diphenylacetyl-1 ,.3-indand ionc) ••..•••••0.005%

Inert Ingredients: .•..•............•......•••......•••••••••.••••99.99soh
Total. ..•...•.•....••..••.•.•.••100.000%

EPA EsL 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 animals and pets. Ifswallowed, this product may
reduce the clotting ability of the blood and cause bleeding.
NOTE TO PHYSICIAN: IC ingested, administer Vitamin KI, intramuscularly or orally, as indicated
in bishydroxycoumarin overdos~.Repeat as necessary based on monjtoring of prothrombin 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 wbere surface water is presenL

STORAGE AND DISPOSAL
Do not CODtamiutc: watu, food. or feed by storage or disposal
STORAGE: Store only iD original closed cODt.aiDU aD a cool, dry place iaaccessible to daildreD aDd pets.. Store nparatcly
from fertilizer and away from products with strong odon whida IDa,. cODtami.ate tbe bait a"d reduce acceptability. Spillage
sbould ~ urdully swept lip aDd collected for disposal
PESTICIDE DISPOSAL: Waslrs resultint: froID t~e usc of this product may be disposed of Oft site or at aD appro"'cd waslc
disposal facility.
PLASTIC CO!'TAINER DISPOSAL: Triple rinse (or cquivakat). ThcD offer ror recycling or reconditioning. or puncture
aad dispose: OriD a saDitary I..drill, or. if allowed by stale _ad local authorities, by b.rDillg.1f burned. stay OMt ors..okc.. .
FIBER DRUMS WITH LINER DISPOSAL: Compldely empty liDer by sb-kWc and tapping 'sides and bonoill. Dispose of
Ii ncr in _ sanitary laadrill or by iRelnnalioa if allowed by state aDd local ••thorities. If fiber drUID is conlaminated,
puncture and dispose or ia same maDDer; otherwise. offer dr... for recyciiDC or recoaditio8iag.
NOTICE OF WAR.RA1"C"TY: IT IS IMPOSSIBLE TO ELIMINATE ALL RISKS INHERENTL\' ASSOCIATED WITH
THIS PRODUCT. CROP INJURY, INEFFECTIVENESS, OR OTHER UNINTENDED CONSEQUENCES MAV RESULT
BECAUSE OF SUCH FACTORS AS \VEATHER CONDITIONS, PRESENCE OF OTHER MATERIALS, OR THE
J\.fANNER OF USE OR APPLICATJON, ALL OF WHICH ARE BEYOND THE COl'TROL OF HACO, THE
MANUF.-\CTURER.OR SELLER.. IN NO CASE SHALL HACO, THE r.-lA.l'olUFACTURER ORSELLER BE LIABLE FOR
CONSEQUENTIAL, SPECIAL OR INDIRECT DAMAGES RESULTING FROM THE USE OR HANDLiNG Of THIS
PRODUCT. ALL sum RISKS SR-'LL BE ASSUMED BY THE BUYER.
EXCEPT AS EXPRESSLY PROVIDED HEREIN. HACO. TIlE MANUFACTURER OR SELLER MAKE NO
\VARRk'{TIES, GUARANTEES. OR REPRE.SEtITATIONS Of ANY KIND, EITHER EXPRESS OR IMPLIED, OR B\"
USAGE OF TR~DE,STAnlTORY OR OTHERWISE, WITH REGARD TO THE PRODUcr SOLD, INCLUDING, Bur
NOT LI~UTEDTO, MERCHAl'.'TABILITY. FITNESS fOR A PARTICULAR PURPOSE, USE" OR ELIGIBILITY OF
THE PRODUCT FOR ANY PARTICULAR TRADE USAGE. BUYER'S OR USER'S EXCLUSIVE REMEDY, AND
HACO'S, THE MANUFACTURER'S OR SELLER'S TOTAL LIABILITY, SHALL BE FOR DAMAGES NOT
EXCEEDING THE COST OFTHE PRODUCT.

DIRECTIONS FOR USE:
Use of this product in a manner inconsistent with the terms of this Experimental Use Permit is a
violation of Federal Law. .

USE RESTRICTIONS: This pro"duct may be used experimentally to control roof rats (Rattus
rattus), Polynesian rats (R. exulans), Norway rats (R. norvegicus) and house mice {Mus musculus} on
Kipuka Ki on Mauna Loa on the Island of H;lwaii. Use of this product must be supervised by Dr.
David Foote, Kilauea Field Station, Biological Resources Division (BRD), U.S. Geological Survey
(USGS). This product was manufactured at the request of the USGS/8RD, Kilauea Field Station,
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Hawaii Natronal Park; and the National "Park Service, U.S. Department of the Interi<?r, Hawaii
Volcanoes National Park. Refer to the program outline in the application for this experimental \lse
permit (mls-.EUP,;il), as modified by EPA's acceptance letter and this label, Cor additional detai~
on the use of this product.

APPLICATION DIRECTIONS: Broadcast bait pellets aerially by helicopter on manuaIJy ~t a rate
of 10-12.5 lbs oCbait per acre per treatment. Five to seven days after the first application, make a
second broadcast application at a rate DO higher than 12.5 Ibs oC bait per acre. Do not exceed a
cumulative application rate of 25 Ibs" of bait per treated acre.

- :- 0 •• '.,. ~:'". '. ':;;.'~ •• ;. .:.

Applicant: Biological Resources Division
US Geological Survey
Pacific Island Ecosystems Research Center
P.O. Box 44
Hawaii National Park, HI 96718

Bait manufactured by: HACO, INC., P.O. BOX 7190, MADISON, WI 53707

NET CONTENTS: 50 pounds (22.68 Kg.)
CODELJOO
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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 Service, 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-99-01 and EUP-99-02.

Active Ingredient:
Diphacinone (2-diphenylacetyl-1 ,3-indandione) 0.005%
Inert Ingredients: 99.995%

Total. 100.000%
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 animals and pets. If swallowed, this product may reduce
the clotting ability of the blood and cause bleeding.
NOTE TO PHYSICIAN: If ingested, administer Vitamin K., intramuscularly or orally, as indicated in
bishydroxycoumarin overdose. Repeat as necessary based on monitoring of prothrombin 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 contaminate water, food, or feed by storage or disposal.
STORAGE: Store only in original closed container in a cool, dry place inaccessible to children and pets. Store separately from
fertilizer and away from products with strong odors which may contaminate the bait and reduce acceptability. Spillage should be
carefully swept up and collected fOf" disposal.
PESTICIDE DISPOSAL: Wastes I'esulting from the use ofthis product may be disposed ofon site or at an approved waste disposal
facility.
PLASTIC CONTAINER DISPOSAL: Triple rinse (or equivalent). Then offer for recycling or reconditioning, or puncture and
dispose of in a sanitary landfill, or. if allowed by stale and local authorities, by burning. Ifburned, stay out ofsmoke.
FIBER DRUMS WfIlI LINER DISPOSAL: Completely empty liner by shaking and tapping sides and bottom. Dispose ofliner in
a sanitary landfill or by incineration ifallowed by state and local authorities. Iffiber drum is contaminated,_puncture and dispose oCin
same manner, otherwise, offer drum for recycli~g or reconditioning.
NOTICE OF WARRANTY: IT IS IMPOSSIBLE TO ELIMINATE ALL RISKS INHERENTLY ASSOCIATED wlrn TInS
PRODUCT. CROP INJURY. INEFFEcnVENESS. OR OTHER UNINTENDED CONSEQUENCES MAY RESULT BECAUSE
OF SUCH FACTORS AS WEATHER CONOmONS. P~ENCEOF OTIIER MATERIALS. OR THE MANNER OF USE OR
APPLlCATlON. ALL OF WI-llCH ARE BEYOND TIlE CONfROL OF HACO, TIlE MANUFACTURER OR SELLER. IN NO
CASE SHALL HACO, nm MANUFACI1J~R OR SELLER BE LIABLE FOR CONSEQUENTIAL, SPECIAL OR INDIRECT
DAMAGES RESULTING FROM THE USE OR HANDLING OF nus PRODUCT. ALL SUCH RISKS SHALL BE ASSUMED
BY TIlE BUYER.
EXCEPT AS EXPRESSLY PROVIDED HEREIN, HACO, THE MANUFACTURER OR SELLER MAKE NO WARRANTIES.
GUARANTEES, OR REPRESENTATIONS OF ANY KIND, EITHER EXPRESS OR JMPUED, OR BY USAGE OF TRADE,
STATlITORY OR OTIffiRWISE, WITH REGARD TO THE PRODUCT SOLD, INCLUDING, BUT NOT LIMITED TO, .
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, USE OR ELIGIBILITY OF THE PRODUCT FOR ANY
PARTICULAR TRADE USAGE. BWER'S OR USER'S EXCLUSIVE REMEDY, AND HACO'S. THEMANUFACTURER'S
OR SELLER'S TOTAL LIABILITY. SHALL BE FOR DAMAGES NOT EXCEEDING THE 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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Appendix 2. Concurrence letter from U.S. National Park Service.

Dr. Gerald Lindsey
U.S. Geological Swvey/Biological Resources Division
P.O. Box 44
lIawai'j National Park» Hawai'i 9671 &

Hawai'j Volcanoes National Park's inlarest in managenlent uses ofRamik Green is shown by its strong
support of the current research effort by the Biological Resources Division ofUSGS (BRD). I prepared an
E(}vironment~lAssessment (EA) for the current research prograln. A Finding orNo Significant Impqct was
signed by the Regional Director. The Park sponsored a proposal to fund research on Ramik Green in the Park.,
and is cooperating with other investigators on studies on non-target organisms. Research by the Biological
Resources Division of USGS began in the Park in October~ 1999 in a rain forest site and early this year in a
mesic forest sileo Since then the Park has allocated funding fronl the fees revenues to test pesticide- residues
in non-target organisms.

The National Park Service~ Hawai'i Volcanoes National Park, strongly supports research on Ramik Green
pelletized pesticide in the national parlc~ and, if registration is achieved, application ;;md use of this pesticide
in management programs. Rats are a serious threat to the survival ofthreatened and endangered plants and
animals and ar~ probably significant nlodifiers ofnative co~unities_ Currently registered control
tcclmology 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 n;covery ofmany native
ptant ·ttnd animal species and help recover threatened and endangered species. The National P~k Service,
along with other conservation 8genci~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 ofthe Park, once registration is achieved.
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NATIONAL PARK SERVICE
Hawaii Volcanoes National Park

P. O.Box 52
HawaiCj 96718-005~

808/985-6000
8081967-8186 (FAX)

United states DepartlTIent of the Interior

L7617(HAVOl

March 16., 2000

Dear Or. Lindsey:

etit In Reply Refer to:
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e Tin) Tunison

e ChiefofResources Management
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Dear"Gerald,

April14~2000
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N~ Zealand's conservation programs, using ~erial broadcast rodenticides to reduce avian predators and
eliminate native plant herbivory by a.ien speqies. 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. Ofcours~ the ne~4 for testing aerial broadcast bait; its efficacy and its effects on non­
target species is important ~foTe full scale appJications can be considered. The Big Island National
Wildlife Refuge Complex fully ~upports the ongoing studies oil RaiiJik Green by HVNP and USGS-BRD
and onc~ x:egistration of"the aerial broadcast r9(1enticides 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 Kona Forest Unit, totaling over 38,000"acres. "
This refuge was establisb~to protect, preselVe and enhance endangered forestb~ plants and their
native forest habitat. Three species of introduced rats are found at the refuge. They are a serious threat ·to
endemic flora and fauna and may aJso contribute significantly to the modification and reduction of their
habitat. Hakalau Forest NWR is home to at least ~2 endangered species. OVCl' the past S years, field
biologists and n:searchers at Hakalau Forest NWR have ShOWD that rat predation is one the main causes
of"nest failure fOT native forest birds. Rats also cause fiuit and seed herbivory~ mortaJi1}' on
endangered pl~ts found at the refuge. Research at the refuge by USG8-BRD bas shown that rat .control"
using rodenticides in bait stations, will lessen or alJevi~ethese problems. Currently, the refuge deploys
bait stations selectively to protect vulnerable. endangered plants dwing fruiting. If registration can be
achieved and funding approved; the estimated use of aerial broadcast of rodenticides "at the refuge would
be approximately 7,SOO acres. The cost ofusing the bait station methodology over an area this large in
both man hours and d01Jars is prohibitive. and because ofthis, funding has yet to be targeted for rat
control.

United States Department-of the Interior

FISH AND WILDLIFE SERVICE
HAKALAU. FOREST NATIONAL WILDLIFE REFUGE

32 Kinoole Street, Suite 101
Hilo, Hawaii 96720

Appendix 3. Concurrence letter from U.S. Fish and Wildlife Service.

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

Si~CV~
Richard C Wass ".
Refuge Manager
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TIMQTHY E. JOHNS
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17 ApriL 2000

STATE OF HAWAII
OEPARTMENT OF LAND AND NATURAL RESOURCES

DIVISION OF FORESTRY AND WllDUFE

1151 PUNCHBOWL STREET

HONOLULU. HAWAii 96813

Concurrence letter from State of Hawaii Division of Forestry and Wildlife.

Gerald D. Lindsey
U.S. Geological Survey
Biological Resources Division
Kilauea Field Station
P. O.Box44
Hawaii National PaIk, m 96718

DearGemld,

6)1~
Michael G. Buck
Administrator

1Dis letter is in support oCyour application to receive an experimc:otal use pennit to test
aerial application ofdipbacinone bait in Hawaiian forests for rat COIltI'"ol. As you kDow" the
onslaught ofinvasive alien species is the pre--emiDent CODScnatiOD problem in Hawaii. Oftbe
200-500 estimated alien sPecies that are serious disruptors ofDative Hawaiianccos~among
the most penrasive and damaging for a host ofnative species ue the three species ofrat. One or
another ofthese SP.Ccics occupies WtualIy aU native habitats within the state, oftca at high .
popuJatioo densities. Their documented impacts include girdliJig ofnative trees and shrubs,
cessation ofe11dangcn:d plant~tmCDtby complete consumption oCseed produetiOll, predation
on endangeI-ed tree snails, and predation OD native bird eggs amd nestlings. In many instances, rat
pmJation has been documented to be among the most important factors leading to population
declines in a diversity ofendangered native sp~.ies.

Givaa that our~entmanages over SOO,OOO acres ofland aaoss the state> including
over 100,000 aaes ofnatwaJ .-ea reserves pJCSelVCd for their unique natur3l rcsou.rces. it is
obvious.that r:at control via bait stations is impossible £01" any but the smallest management units.
In order to recover QUI' many endangyred species and protect our forests ftom iiuther rat damage,
the Deed is great for a registration to aerially apply rat toxicants in Hawaii. To that end, we view
your continued research on rat toxicant efficacy, and receipt ofan experimental use peonit:, as a
critical component in achieving this .~gi.st:rationto meet our management needs. You have our
continued support and gratit\lde for your efforts on behalfofthis goal.
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Appendix 5. Concurrence letter from The Nature Conservancy.

16 March 2000

The Nature)'
Conservallcv
of Hawai'i J
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The Nature Conservancy ofHawaii (TNCH) manages ten preseives:t
encompassing over 257000 acres7 in the Hawaiian Islands. TI1rough partnerships
with federal and state government agencies and private landowners:t TNCH also
assists with management ofother natural areas in the statc_ As land managers,
TNCH is acutely aware ofthe problems posed by rats. None ofthe 3 species of
rats (black. Polynesian, and Norway) is native to Hawaii. Rats eat the .
increasingly rare native snails as wen as native birds, their eggs and chicks. Rats
also eat flowers. fruits and seedlings ofvarious native plants. They are also likely
predators on native arthropods. TNCH staff from all islands have reported .
observations ofrat damage to native organisms.

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

Dear Gerald:t

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 iil detennining the
appropriateness of this technique, Although TNCH would consider aerial
application of rat bait, were it to be approved:t the use would be contingent on
approval from 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

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. lvfany ofthe remaining natural areas in Hawaii are locat~ in
.steep terrain. accessibl~oniy by helicopter at great exp~~e. Deploying and
checking bait boxes in these thickiy vegetater;i'TeJnote areas is not cost-effective.
Yet this is where many ofHawaii's remaining native species liv~. A low-cost
and effective rat bait delivery system for these areas is crucial.

~anuAv(';m...

The Nature

Conservanc)'

of Hawai'j

~t. liawai'j 96817
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making reasonable decisions about rat control in natural areas. The Nature
Conservancy ofHawaii strongly supports this research and looks forward to the
.results of this p~oject.

Sincerely,

Coleen Cory, Ph.D.
Stewardship- Ecologist

."The Nature Conservancy ofIlawaii
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AlJ3 - 6 1999

FISH AND WILDLIFE SERVICE
Pacific Islands EcoregioD

300 AlaMo~Boulev~Room 3-122
Box 50088

HODolul~Hawaii 96850

United States Department ofthe Interior

Tim TUnison, Hawaii Vol(:ailoes National Parle VoIC2llo; Hawa.ii. '. ." '. . . ,...... ". :;.

Biological Opinion (Log N11D1bc:r 1-2-99-F-03)

Section ,. CO~.tationon Experimental Use of Dipbacinone Pellc.ts in~waii
. Volcanoes Natjonal·P~

To:

In Reply Refer To: 1-2-99-F-03;MSR

MEMORANDUM

From:

Subject:

R.ef:

This~tsthe biological opinion oIthe U.S. Fish an4 Wildlife Service(Service) inaccordance
withsection 7 oftbcEDdangcrcdSpcciesActof1973 (16U.S.C.lS31-1S44;Stat. 884)asameod~
(Act)reganiingpptentiallmpacts tD the c:z;ldangcredHawaiiaDbawkorlo.(BIlt~osolitDri~)from.usc
ofdipbaCinoDC pelleb in_~_Vo~~ N~onal Park (HAVOl. Ha~VolcanGC;SNati~
Parle-is pn;Jp9Singto·.test ~~~It)ad~of dipbacino~pellets~~),1 a m~pic­
feeding,,' ~tico8guIant~tici«le,. ft)r ~J,1JJQlQfndsinwet foJcsts pftbcPadc. The~_wo~take

~4~~T~~t~~=~,==iJ~t~~~~~W~~
Ha~~:-Cu«eliUyi;thean4CQ~~'4iP~~~PJ ~ll_e.t f~Jnl-1S te~~ fc>r.•Ul Je$l~;ll
areas in Hawaii, but not for use: in conservation areas. The research will be cOnducted by Gel31d
Lindsey and David Foote, both of the U.S. Gcologi~ Survey (USGS), Biological Resources
Division (BRD).

Appendix 6. Biological opinion from u.s. Fish and Wildlife Service.

lbis biological opinion is based upon; 1) the Biological Evaluation Fonn and letterreq~g
consultatio~received by us on May 19, -I999:l1 date4 May 17, J999; 2) infoIUlation provided in~e
Service's Hawaiian Hawk Recovery Plap; 3) ()thcr biologicallitenturc (sec References at the end
ofthe doCument); an~ 4) information contained in our filc;s. Our log number for this consultation
is 1-2-99-F-03. Copies ofpertinentmaterials anddocumentation aremaintained in anadministIative
record in the Service's office in Honolulu, Hawaii.

There has been no prior consultation for this specific project. However, the following two recent,
rel.ated projects did require fonnal consultation due t~ the possibility oftheir effect on 10:
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HAVOrequestedSection 7consultation to conduct testing ofbrodifacoum, a single-reeding,
anticoagulant rodenticide, 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 exi~tenceoithe 10.

(2) Biological Opinion (Log Number 1-2-94-P-04)
KmnehamehaSchools Bishop Estate (KSBE) and theNationalBiological Survey requested
a Service opinion for a proposed ~tudy to evaluate th~ IJ;lortality and fate ofrats poisoned
withEaton's All-WeatherBaitBlocks rodenticide in the KSBE's KeahouRanchand·Kilauea
Forest lands on the Island ofIiawaii. It was the opinion of the Service that the proposed
study was not likely to jeopardize the continued existence ofthe Hawaiian hawk.

BIOLOGICAL O~INION·

Description ofthe Proposed .Action
. . - .. ..... . .'" .": - :-'. ..... '":' . '-' '.~'

Rats are considered·one of the primary faCtors responsible {or the decline ofHawaiian en«;lemic
forest birds and snails.: Rats and mice are also thought to have limiting impacts on some species of
rare plants and invertebrates· inHawaii. The Service is" tberefore~ strongly supportive ofefforts to
control rodents in forested areas ofHawaii. The study proposes to. dctcr1nine the mortality and fate
of rats following placement of diphacinone pellets" and win be very useful in evaluating future
registrations ofthis product as well as in developing properprotocols forfurthcr~eofrodenticides
in Hawaii's forested areas in order to mjnimize the potential ft?T ~econdary poisoning ofnon-target
species. .

BRD proposes to test "the efficacy of pelletized dipbacinonc baits to control rats. A rat toxicant
~ greenbait (0.005% diphacinone), willbe applieci to a 1O-aetep~ot inKipukaKi and a 1G-acrc
plot in O~aa forest. Untreated control plots will be established nearby in. Olaa. forest and Kipuka
Pu~u. TIle 3/4 inch long pel~etsWill be hand-broadca.st up to four timeS per year during the first
year oftile; two"year study. B~t application may continue in a second year focusing.on non-target
eire¢;. BRt> ~<:atcber Gerald Lindsey Will 'teSt' the t()xicimt~s.efficacy and ·the. fate ofpoisoned
rats. BRO resean:hers DavidFoote~dLindaPratt will evaluate effects on inverteb~tcsand plants.

Biology and P~pulationStatus ofthe Species

The action area is occupied by the endangered 10, Hawaiianhoary bat (Lasiunu cinereus semotus),
and Ou (Psittiro~tra]!.$ittacea), as well as three endangered plant taxa, the Oha waf (Clennontia
peleana), the Anunu (Sicyos alba), and the Halw~e(Cyrlanara iiffaraii). Plant species ofconcern
also preset;lt in the area include, the Aku (Cyaneil tritomantha)" Phyllostegiaforibunda, Stenogyne
macrantha, Stenogyne schrophulariodes, and Schiedea diffusa. The ortly federally listed 'species in.
the action area that may be adversely affetted by diphacinone is the 10.

Unless otherwisereferen~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 FOlUulation.
ofVertebrate·Zoology, and theDemographic Studies and Population SUIVeys oftheHawaiianHawk
1998 Annual Report written by KJavitter and Marzluff .
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Environmental Baseline

Recent Past and Ongoing Studies in BVNP Which May AffcctIHave Affected 10:

~!Bi.ii&jt~i"C:li.li
conswtiltibn:arcalSo"a patt"oftb:eeny#o~¢iitarb~ 'Fe<Jerill~ons Witliin:tlic~OJ1~.tbat
may benefit liSted species- or critical habitat are also included in the envirQ~Clitalbaseline.
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From approximateiy 198Q.1983, Kurt Griffin conducted n;productive biology and ecology
studies of10,which involved close nest monitoring, nest tree surveys, and trackingofadults
by radiotelemetry in HA.VO.
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hi-June of1997,a·p_~"ofIowere translocated by Setvice biologist$ nom:the Kona. si4e of
the iSlan.d to the HAVO for a behavior Qbservation study. ·Tbc .pab' eventually ~twned to
the Kona area within a period ofone month.. .

From September 1998 throughDecembCr 1999, GcJaldL~eyofBRD conducted a study
testingtbe effects ~fbrodifac6um,a single-feeding, anticoagulant~enticidc~fo~ratcontrol
in'the OJaa Forest ofthe,HAVO. .'"

From approximatelyNovember1998 tbroughFebruary 1999,D:ncyliuofHAVqconducted
an EastRift (within HAVOl fence construction swvcy using auditoIY playback <flo caDs
to ensure that actual fence construction would not disrupt any active nests on/near the
proposed fenceline. ..

John Klavitter witil the University ofWashington has been studying 10 within the HAVO
since the summer of 1998. His research involves monitoring mating pairs of 10, nest
monitoring, and ~cking individuals with transmitters. His research is not Qelieved to

Darcy Hu of HAVO began an ongoing study in October 1995 testing the effects of
dipbacinonc rodenticide (in the fODD ofEaton'5 All-Weather Blocks) on rat and mongoose
contrc>I inbrooding an4 nesting areas olnc:ne. The tests takeplacc in.sevf:J3l~QfHAva
~Judiiig~ou;KipukaNene; IqJaucaSUQ)Dlit area,~dc;oasUin~at th~end ofCbain of

"~eQR9.a4~-;Ncgativ~.-eft'ee.s on Iohtlv.e!~t.be;en"ob$e:::ry~ .
. .; :: . : ... '.~ ~ ... ' "." '. . : ; .., .

1.

2.

3.

The IIaY'fanG:U 11a,y;,·k-·~,;) "'II~,","~'" ~" ;,:.,;; ~i;)hmd ufHCi'vfan:-ftnGO:) l;,;)t~ ·~CU~.5"'&~ l..... .~&'" i1~~~ .

1960's because of its apparently low abundance island-wide. However, in the mid-1980's th~
.p()pulation appeared to bestable and was estimated to nUDlberbetween 1400~d2500"birds (Griffin
1985). A morerecent studybyMorrison et ale (1994) esiliriited a density of0.004hawks 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 & Marzluff1998)..10 are known'to feed on black:rats
(Rattus rattus), Polynesianrats (Rattus exulans), andNorway rats (Rattus norvegicus), aswell as the
hous~mouse (Mus musculus) and native and exotic birds.

4.

5.

6.
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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;

In a 1994 study, Lindsey and ~oshet assessed the secondary hazard potential ofdiphacmone to
raptors;, particularly the endangered 10 and the:; short-eared owl· or Pueo (.Asia flammeus
sandwichensiS)~within forested areas; .Their study results suggesth3.zards to avian predators from
baiting with 0.005% diphacmone bait will be minimal. Furthcnnore, the non-target secondary
poisoning hazard resulting from the use ofdipbacinonc is J:Cduced by the f:lelay in·death ofthe.tatget
specic~, which allows time for the cleaning of.the gut conten~ metabo1i$ID and excretion of the
toxic;mt (Godfrey 1995).

In thejr 19·92 study, Cox and Smith showed that food and water intake declined rapidly in
antiCo3.gui~t-tteatcd,caged Rattus norvegicus•..In a different study» HPOlcec an4 ~es (1995)
reported that black t';lts poisoned :wi1hthe'a:nti~oagulantbrodif"aaoum J:I1aiJifaj.Q.c;4~o~:p.octumal
movein~ts and showedno nest .Changepetween dawn and dark, suggesting no,.daytime.movements.
APParently, :most tats died in their neSts or under cover, further suggesting that few ~I$ dying of
anticoagulant pOisoning wolild be found in the open (Hooker and Innes 1995, Lindsey and Mosher .
1994).

Effects ofAction on Listed Spec~es .
10 may be exposed to diphacmone by ingesting dying or dead rats or mice, which haye eaten
diphacinone. Laboratory tests indicate potential second3l)' poisoning hazards to raptors from
poisoned prey species. Although no tests have been conducted on 10 directly, tests have been
conducted onNorthAmcricanraptors to detennine efficacy ofsecondalypoisoningby diphacinone.
A 1980 studyreported great-homed owls (Bubo virginianus) and saw-whetowls (Aegolius acadicus)
succumb~ when fed mice that died after feeding on 0.0050/. diphacinone-laced grain \)ait
(M~de.Jihijl~4J~ l?8.Q). ·I:Q;;i}1ot!ler $tudYj,jt·w~ co~¢lu~~ th~~ ~~n~.ppi~niP..,g Qfp9JJ:,:Jm~l

5.&:=t:=~S~;:!i=tq=i$·
suggtSted ·that Widet field ~ofiditions··the ~vIDIabilitY of foods wot1Id~ucc the possibiliiy. of
consumptionofeorttattwulted prey (KeIth el al. 1990).

On the otherhand, another study showed thatbetween 20% and .50% ofradio-collared. rats poisoned
by diphacinone and chlorophacinone in Florida sugarcane fields di~ in ~lex,posed"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 hourperiod before death, these rats spentmuch oftheir time staggering
or sitting quietly in the open, potentially increasing their vulnerability to raptor predation.
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6 atany given time (personal communication 1999), whichrepresentsoillyabout 13% ofthe .
• known population within either of those areas.
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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'nq>idlybymammalian scavengers; 2) taptoIS do not
appear to recQgnize dead rodents lying on the forest floor as food items; 3) some tats may move
above ground during the day) before ,and afterco~gdiphacinone bai~ but generally remain
under cover, minimizing their exposure to avian predators; 4) diphacinone contaminat.ed rats are
available fOT scavenging for only a short duration, and 5) due to the avai.lability ofa wide range of
prey, and the·small tr~tmcntarea, the potential risk for injury or death to 10 as a result ofpoisornng
from diphacinone, is extremely low to nonexistent. .

Cumulative Effects
;1.'·: ...... I' • ~.; ;' •• " '. '0.:" . '.

_Ha=~!l£ITS~=1IES
~i~ij9nP~~.to section 1'o(tbe Act. The Seivicehas not identified~yeUIii\ililtivciffectS
h1the'projfCt area-,mat 'may'impact the 10. '

.',t." .

.C6rietnsi6rt
AftctieVicwingthc current status ofthe 10 (BUteo solitarius), the effects ofthe proposcd study,~d
the Cumulative effects, it is the Service's biological opinion that the study, as proposed, is Dot likely ­
tojeop~ the continued existence of the 10 (Buteo $olitarius). No Q'iUcaI habitat has bCen
desigDa1cdf"orthis species, therefore none will beaffected. Addltionally,tberodc:;nt-controlprogram
~y~ beneficial for a number ofendangered species ,in the project area. .

INCIDENTAL TAKE

sc:ction 9 ofthe Act and Fedcral regulation pursuant to section 4(d) Qf~~~rq~pi~:tJ.le'.~e()f
eJ)~g~,~~~t~~species, respectively, wi~outspecjal c;Xeznption.. 1'~c i$ defined. as·to

'~~ci~fJ=~~~~~i':~=i~~i:~:::~:~rrJ~~:&:::n~
degradation that results in~ -Or injUIy to··listed sp'ccies by sigmficmtly impairing' behavior
patterns which include, but are·~9tlimited to, b~ding;fe:eding, orshel~g. Harass-is definedby
'the SCrViceas intentional or negligent actions that create the Jikelibood. ofinjury to listed species to
such iIiextent as to $igIiificaritly dismpt~nnalbchaviorpattcn1s which include,but arenot limited
to, breeding,: fecdiD.g orsheltermg. ~idcrital take- is defined as take that~ iI:tcidcntal to, andDot the
pUrpose ()~~gout an otherwise lawful activity. Un4er the terms ofsection 7(b){4) and section
7(0)(2), taking' that is incidciltal" to and not intended as part ofthe 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. Ifthe National Park Service
fails to assume and implement the tenns and conditions, the protective coverage ofsection 7(0)(2)
may lapse; In order to monitor the impact ofincidental take, the National Park Service must report
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take statement. [50 CFR S402.14(i)(3)] . ...., .'-_. __ . .

Sections 7(b)(4) and 7(0)(2) of the Act do not apply to the incidental destr:uction of listed plant
species. However, protection oflisted plants is provided to the extent that the Act requires a Federal
permit 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 speci~on
any other area in knowing violation ofany regulation ofany Stale or in the COl,llSe ofany violation
ofa State criminal trespass law. .

Amount or Extent ofTake

The Service anticjpates that one (1) 10 could be tak<m as a result of this proposed action_ The
iheidental take is:·~~~~l·tQ· b~ in-the:fQtm ()f~lh .ft'oQl s¢Pndar)' poiSQnin~. . ' ..

.... ;,,:" ~ ..i..' ·:ott • . ~ • ".. t.-.' .

.' .... ';'.

In the aceo~panyingbiological opinion, the Service determined this level ofanticipated take is not
likely.tojeopardizethe continued existence ofthe 10. The studyis beingundertakenln a limitedarea
so that even ifone 10 is secondarily poisoned;t 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 an: 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
01secondary poisoning.

Tenns and Conditions

In Qtder ~o;beex(:Q1pt{rpm th~ prohibitioos of$~tion9 (rf.t}le Act, the National Parle Servic~ ~u.st

comply With th~. following teqD$ ~d,wndjtiQns,· which implement the rea59nable and prudent
measure described above. These term~ and condi~onsare non-discretionary.

• Keep trained observers in the field to .take field not~ and make follow-up observations on
10f~g in treated areas to document ~yeviden~ofmortalities, or signs ofillness, such
as external bleed.i.n~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.

• Followpoisoned rats and mice to detenninc 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 information regarding
potentially adverse effects.
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Conservation Recommendations
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Section 7(a) (1) ofthcA-ct directs Federal agencies to utilizetheirauthoritics to furthertbepurposcs .
of the Act by carrying out conscrvation·pro~for the benefit f>fendangered and threatened
species. Conservation recommendationS arc di~cretionaryagency activities to minimize or avoid.
adverse effects ofaproposed action on listedspeci~orcritical habitat,. to help imPlement recovery
plans, or to develop info~atioJL At this time, the Scrvi~bas DO JeCOmmendations.

Reinitiation-Closing statement

• Dead 10 shall be properly salvaged and .sent to Dr. Thierry Work of the National Wildlife
HealthResearch Center(808/541-3445) forneeropsy and analysis. Any specimens available
following necropsy and scientific analysiss~lbe deposited with the B.P. BishopMus~
1525 Bernice S1-, Honolulu, In 96817 (telephone: 808/547-3511). If the B.P. Bishop'
Museum does notwish to accession the specimens, theNationalParkService should contact
the. Service"s Division of Law EnfoICement in Honolulu, Hawaii (8081541-2681) for
instructions on disposition.

The Service believes that J:lO more than one (1) IQ will be incid~tal1y takc;xa as a result of the
proposed action. The reasonable and pIUd~t·measures. with their _impl~~g terms and
conditioll$, are desiirl~.~o minimize theimpad Qfin~dentaltake~~glitou.~~n:sultfJQm

~~~It~~~=~=:~~~~~A~~m
reasonable ilDd .'·riJdCrit fueastm:s ·'····rovidekl. Th· Fedetal a en mU$t iiDmCdiately pro\1idc·
dpl~n~tioIi·!df".~e~~~·~t::lbe)aki~g.·arid r~~ ~th~th;'S~ce· th~ fi~ fot pO~1J.-:
modification ofthe l'C8S<?nable and prudent measures.

l'bi$. .cp~ltl«;l~ f.~ sec.tion 7 consW~tion 9n this action. . As req~ in SO CFR. 4OZ-16,

~~~!1i~r=~ri~~~=~:r~:~~":C:4~C:::
incidental ~e:iS e?t.ceeded; 2)~Cw information te\;eals effects oCthc:agent:y action tbatmay affect
listed sp~ics ina ~~c;ror to an Cxten~ not considered~ this opinion; 3). the agency action is
subseqUaitly modified in a mamiet 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
affectedby.~ action. hi. instances~~e amount or extent ofincit;lental take is exceeded, any
operations· cauSing such take must ceaSe pending reinitiation. .

cc: Larry Salata, RO-ES, Portland, OR

Ifyou have any questions regarding ~y of the infonnation 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).
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Appendix 7. Amendment to biological opinion from U.S. Fish and Wildlife Service.

OCT I 0 2000

FISH AND WILDLIFE SERVICE
Pacific Islands Ecoregion

300 Ala Moana Blvd, Rm 3122
Box 50088

Honolulu, ill 96850

United States Department of the Interior

Paul Henson, Field Supervisor, Pacific Islan s Office, U.S. Fish and Wildlife Service,
Honolulu, Hawaii~

Amendment of Section 7 Consultation on Experimental use of Diphacinone Pellets in
Hawaii Volcanoes National Park (Biological Opinion Number 1-2-99-F-03).

Chief of Resources Management, Hawaii Volcanoes National Park

It was concluded in the BO that effects of hand-broadcast application of diphacinone, as proposed, were
not likely to jeopardize the continued existence of the 'io (Buteo solitarius). Results of studies on the
effects of the action on listed species suggested risk of secondary poisoning of'io were extremely low
because of rodent and' 10 behaviors, the short length of time in wr..ich diphacinone contaminated rats
would be available for scavenging, the availability of a wide range of prey to 'io, the limited size of the
treatment area, and the low densities of'io in the treatment area. As stated in the request for
amendment, no untoward non-target effects have been detected for hand-broadcast applications of
diphacinone at IGpuka IG or 'Ola'a forest, a second.' ten acre area where hand-broadcast application of
diphacinone was performed.

Although the treatment area will be larger at Klpuka Ki, there is no anticipated change of the effects of
the action on listed species or cumulative effects, because of the relatively small area.over which
diphacinone will be applied in relation to territory size of 'io, and the reasons listed above. AInount o-r
extent of take, effect of take, and reasonable and prudent measures under the incidental take statement
in the BO remain the same. All tenns and conditions in the BO will continue to be observed.

This lnemorandum constitutes an amendment to the August 6, 1999, Biological Opinion (BO) on the
experimental use of diphacinone pellets in Hawaii Volcanoes National Park (HAVO) (File No.: 1-2-99­
F-03). The Fish and Wildlife Service received a letter dated August 10,2000, from Chief of Resources
Management, HAVO, requesting amendment of the BO to allow aerial broadcasting of diphacinone
pellets over a 112-acre site in IGpuka KI, near Mauna Loa Road in HAVO. Our review of the
amendment request indicates the total area over which diphacinone will be applied in Kipuka K1 is
approximately eleven times that of the ten acre area for which hand-broadcast application of
diphacinone was permitted in the BO.

In Reply Refer To: l-22-99-F-03 (JTN)

Subject:

Memorandwn

To:

FrOln:
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Accordingly, pennission is granted to conduct two aerial drops of diphacinone pellets over 112 acres in
Klpuka KI , about a week apart at lOlbs/ac each.

If you have any questions, please contact Fish and Wildlife Biologist, Jay Nelson, by telephone at (808)
541-3441 or by facsimile transmission at (808) 541-3470.

cc: Larry Salata, RO-ES, Portland, OR
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Appendix 8. Environmental assessment report.

Em1x~bN:itEN'rAL A$SE:S~: . ~"1' BltoAl)Ci\.sor ItODENTXCJ:DE .1UUInt~ '1'0
. .'."~~OL:1lA~Sir ~Ax.'J:.Vo~bE.i{.~~~~ ·PJ\iUt.:·.·.iiAwAz ..~.: ..

Prepared l::ly: ~--~"""---:r-~-+---'---- nate. J/sJc;y
Approved byt ...-,t'----+--~~.......-.......'rl_-------- Date. j4/ff .

Page 71 of 191



PURPOSE .AND NEED

Safe. effective, and efficient methods of rat con~rol are needed in
Hawai'i Volcanoes National Park (HAVO) and other- conservati"on areas'
in Hawai" i. This need has been identified as a high priority by the
Secretariat for Conservation Biology 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 bait stations.
These, method$ are ver;:y labor intensive and pract.ica1 o~ly in very
sma.II. aC;;c.~s~.;ibl~·$1~@~.· . Broa,dcast rodentici.de baits. namely thqse
thc;lt ar~ .,~P~~~~;·'91J,,~.~f~·~n ,~r.:~ 4.!~?:-~~~E!~·~i~ cU.spen~~;r,. ~~~·.:··~-~,~4·...~
aawa i. ~ ~ in ~$ri~~curcil -s~~eing'S and' ,fOr' rod~ft,1t <!ontt'ol...JIL~~~d and in
dw¢llings. ~eri~11Y broadcast rodentiei~~~ ha~ ~lso be~,~se~ .
successfully in.c6nservat~on area~ i~ New Zeal~d- Research is
requi.red for re~latory agencies to modify pesticide 'labels to allow
use of a broadcast rodent'icide l.n c.oriserv-at:1.on areas in Hawai" i ;
Research is needed to demonstraee the effectiveness of the
rod~tici.de in controlli.ng rats and not haZ'Uling other species'.

Three rats species are present in Hawai"i and HAVO. Black rats (a1so
called roof rats or shi.p rats) (Ra~tus ra~tus),are the most
wi.despread and abundant rat species in the park. part~cu~arly in
mesic (moderately wet) forest and rain forest_ Polynesian rats
(RattuS exu~ans). ~h1c:h accompanied "early Polynesian settlers
throughout the Pacifi.c. are'genera11y less abundant than black rats
and reach thei.r highest densities i.n the lowlands. Norway ra.ts
(Rat:tus norvegi~s) are fo~d in many park environments but are never
commqn_

Studies and observati.ons of biologists suggest that rats have had
powerful, negativ~ effects on a number of Hawai.-:i.an native species.
The impacts of black rats are probably of the gzeatest interest to
resource managers. Black rats are arboreal and' therefore can conswne
maturing fruits and prey on nesting bixds. In addition they are '
abundant in 'montane mesic' and wet forests, which are of the greatest
conservation interest t9.park managers because of their intactness.
manageabi1i~. and bio1ogical diversity.

The impact of rats on invertebrates and p1ant~ is suggested by the
broad range and high volume of invertebrates. fr~its. and seeds they
cons~e (sugihar~ 1996.; Forbes and Stone e.t: a~., draft manuscript).
Park biologists have documented a wide range of fruits eaten by rats
(Stone 1985. Russell 1980) and girdling of rare trees (Baker and .
Allen. 1918). Rats are considered a factor in the decline of bird
faunas of many Pacific islands including Hawai'i (Atkinson 1977,

',' "~·-'SCl)tt"··et:·, -al.' -:1996,) '•. '-,. In~ HAVO, ". the., nat.i.Y.e__1Iawaj,.i~1\. p.:i,~"d. __~_Klepaio
(Cbasiempis sando/ichensis) 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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factor for these Endangered invertebrate species {Miller and
Hadfield, 1993}.

Few long-term studies of recovery after rat removal have been
attempted .. However, the short-term studies conducted suggest that
native species may recover if rats are removed.' Nesting success of
-Elepaio increased in'an exp~r~ental control program on O'ahu where
rats were controlled (VanderWe~f, 1997). Studies of recovery o~ rare
forest bird populations are underway at Hakalau Forest National
Wildlife Refuge CHFNWR), but' no conc1usions have. been drawn from this
stUdy' to date. A study after rat cqntrol on a small. 9ff-shore
island in New Zealand, inqicate that s~ed1ings and saplings of many
~ativ~ tree and shrub spec~e~ ~A~rea$eq.~UQstantiallyafterfive
years'of iij:t· c~nt~Ql (-~~~:n,'~~~f~,~ - ~ , ~~.p.·~:r~::;.·.~;.·;.:., ',: " '._ : '.,' ..... "...

~!~i~!{fir~~t=r:;!:;f~#.~~~~~:~~;t~··:~··
rodent:i.cides lab~led fO:J: use in: Hawaii ('Si4i.:ft 19'97>' .·Research is
need~d'before resource managers can u~e b~~Qcast rodenticides ~.
conservation area~. Studies wi11 indi~ate it br9adcast rodepticides
are effective, safe for non-target organ,isms, and stimulate the
recpvery of native species. Effectiven~ss and safety for non-target
species need to be demonstrated for the us Environmental Protection
Agency (EPA) to allow registration of a pe~ticide for use in
conservation areas. ' .

.A.L~ATrvES XNCLlJDn;rc: THE PROPOSED AC~:toN .AND THE AFrECTED
EN'VDlONHENT

A1t~.rnativ. 1.. PJ::'Oi'0sea Act:ion.

The~riext step'i~ rat·controi for conserVat£on agencies is to·seek·
r~gi.s\:t-~tlon 'from r;PA ·for the us~ Qf b~~adcast ro¢1ent1cides·.
Broadca$t rodenti.cides. espec:i.~lly those ~~stributed Py helicopter,
have the potential to be -more cost-effective over lai::'g:er areas. When
larger areas are treated, the reinvasion of rats' from'outside-areas
is reduced. The diphacinone broadcast bai t Ramik Green - (HACO, :Inc.
Madi~on, WI) i.s currently. approved for use in and around dwellings
and agricultural lands in Hawai 'i. J:~ is approved as pellets out of
the reach of children and \iild1ife Q+ in tampel;':-proat bait stations.
In these settings, ~ik Green is ef~e~~ive with diphacin9ne as its
active 1ngredi.ent at 0.005%. Conservation agencies want to evaluate
the efficacy and safety of Ramik Green as a broadcast bait for rat
control in native ~orests. The target areas are iocalized upland
breeding bird habitats and other biological communities where rare
plants or affected species are concentrated. Broadcast applications

- ··'Of-·rodent:·!-cide-- over ··thousands. ;of-..acr.es.. of. cont,in\lous ..h?1<bit~t: are not
enviSioned. . ..
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conduct research in KYpuka XI and 'Ola'a Forest in Hawai'i Volcanoes
National Park using broadcast bai·ts. This research wi'll start with a
single lO-acre plot in eac~ site under an Experimental Use Permit

----lssued--by---the Hawai'i Department of Agric:;:ulture .. -··Hand-:..broadcasting
of Ramik Green rodenticide will be can;ied out. Treatment sites will
be paired with untreated controls in XIuka Puaulu and a nearb¥ area
in 'Ola"a fores.~. This research 1:5 p~anned for fall, 1.999. If. the
resea~ch proceeds successfully in ch~ 10-acre test plotsi. permissi~n
wili be sough~ from EPA" to t'est one 50 ....acre plot each in 'ala"a and
KYpuka J{i. In these larger plots; bai.ts will be disper,se~.by .
heli,cop~eJ;. This, r~search.·is plannea for tall:.. 2000. Research
results about CQ~tr~l effica~ a~d n~n-~arget effects wi~l be
described in report~a1id-~c:i,AAtific ·pap~r~.. .Anoth~r EA. ~,.1o~lQ. ~e
pr~pared 'befQ~~ ·~:pag~~~t :iJftp'i~~t~ii':io~ ,over larg.e~ is,ieA~~ b9..~~d pn

=:~~~;~~;:~~i~~~a:~~~'~~i~~l·.~~;~t~~~~n·'
of elle U... $. _G_~,ol()gipa:1 ~~n;¢¥.. '. 'P:if.s.~c~'P41 i.hvest:ig~·~o~~' ~1U·.~',"bt.
Gera1.d ~indse.Y and Dr. Davl.d :Foot~-.. · ~lots treated·-wi.th th~ " ,
rod~t~,Ci.de will be in moist fores't o( ltipuka 1t1 ~ ill. .J;~in fQrest
of "Ola'a,.. untreated control plot~ will be. located in XXpuka. Puaulu
and a neax-Py area of .. Ola ... a . Research ~ethodo1!=Jgy :in the '10-~cre
test p10ts !ncludes band-broadcasting durLng ~ weath~r at '10
Ibs/acre to 30 Ibs per 'acre, based on. results of a fie1d trial being
conducted outside the park to detezmdne the opt~um bait application
rate. Timing of repeat appl.ications will depend on disa.ppe~anceof
bait and recovery Qr reinvasioD of the rat population... For test
purposes. baits wi~l be replenished every 2-3 months regardless or
when rats recover to pretreatment leve1s. whichever is J..onger. .A
maxim.um of four broadcast bai.tings wi.11 be applied to each treatment
~lot_ .

Th~ obj~ctive i~. ~o ~edU~e rat popu1ation~ ~O-90~. ~he 10-acre size
for the tr~~~t s-it:e iiRpq~ed by' the state' De~~~ent Qf ~gr:i.cult;.\U':-e

i~ too smail to;r:- rat eontrdl re'!;~arch -because of, 'rapid re":'i.livll~.i.oi1.
}lowever,; °In order to qualify for research in a 50-ac.re si.t~. P~bbably
the minimal area feasibl.e for rat control .. some success .must be
demonstrated in 10-a~re plots.

Efficacy of treatments wi.l1 be determined by trap-retrap. radio
t:elernet~. an~ acceptance of nontoxic 'census blocks pre apd'post

't.reatment. taive trapping. of rats to get an estimate' of the
popul~tion size and species compositio~ within the study. areas ~ill

be conducted prior to baiting _ Roden.,ts captured wi11 be ear-tagged
an~ released. Snap trapping,o'f mice wi11 be conducted throughout the
study to follow their population to determine if rat removal affects
them. Ten to 1S-rats ~n each 10-acre area wi11 be fitted with radio
transmitters to dete~ine their fate. Dead'radlo-marked rats will be
located. placed in p.].as·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. Pitfall traps and non-toxic pellets will be used to
'monitor effects of baiting on soil-··invertebrates. ,Impacts on
invertebrateS will be determined by a preliminary test' using a non­
toxic pellet to determine the attra~tivepess of baits to ali~n slugs,
alien and native snails. and other inv~~teb~ates in' the study areas.
Individ~ally marked pellets will be monitored daily for
invertebrates. Pitfall ·traps are plastic containers placed in holes
dug approx~ately 10 em deep and 2.0 em in diameter.. other ".
invertebrates will be sampled thro~ghQ~~ the study at. coconut baits
and sticky 'census ·b,oards. Some invertebrate specimens. inc~uding

native and ~lien snails and $lugs. the most'likely species to be
attracte.d ~o the ba~ts. will be collected ~or residue analysis in
order' to'.~v~l~~te pot~ntial.for ·sec;::ondary to~ic;ity.·

!!E:!Ii~~!~!!~]Fi;ii~?!~~ii~~~g.~ora.
(Heli(::c;'pe~s·pp.) .' papa-ia keP?!1u ·("Pisonia ·b.run.9nia,na), "'o~apa. .
(Cbfi:drcdendron t-Tigynum) .~d ~ki O(·P,iptu,rus a~bidus) -. Four
h~dred . .-eeQs of these speci.es will. be genninated in the park
gr~enhouse' prior to the baiting experiment .and outp1anted to as~ess

impacts of rats and rat control on seedlings. ° Some seed1:ings will be
placed in rat-proof exclosures. an equal number w11l be protected
from slugs. and some will. be placed in exclosure~ that block access
of. ·kaJ.ij pheasants but not ·rats. Up to SO flowers~ fruits. and buds
of the above specie.s wi.ll be marked and Jl\Onitdred weekly in the
control' and treatment area. before and after baiting. Twenty seed
traps. protected from. seed predators •.will be placed in each
treatment area to help determine seed rain and seed.predation under
t:arg~t'tree ~pe~~es. tho~ght to.~ vulJler.,.bl.e·to:rat predati.on.
Grain sel;!ds have been' obserVed to 'germinate' from gra.in· ba.its· in' the'
pa.st. The poteJ1tial of iQ.~roducing wee.Q.s :into· t;he. t~4!!Fl~~t :sj,.tes
w!.11' be ~iraluat;:ed by fol:low:ing ge:rmin~ti.on and fate of' seeds in grain
baits fn the greenhouse'and under fie1d condition$.

. .
Birds. Up to 20 individua1s each of the fol~ow~g alien bird species
will be mist netted~ euthanized. and then sent to a l.a,b., and checked
for pesticide residues.' TheY'wil1 be euthanized using standard
carbon dioxide methods or cervi.cal dislocati.on: Northern Cardinal
(Cardina~is .cadinalis). Japanese White-eye (Zosterops japoni,cus) and
Melodius ·Laugh,i·ng Thrush (Garrulax canorus) will be removed using
mist netting techniques (Master banding permit from US~S #22613
issued to BRD) . Up to 20 Kalij Pheasants (Lopbura leucomelana)
will be collected with'the use of a shotgun in consultation with HAVO
Protection ,Rangers. Transects will be walked inside and ou~side the
study area to obs~rve .dead or poisoned birds. These will be
necropsied and analyzed. Radi.o col'lared and banded .. 10 in the area
wi'1:1. ····be .. monit:ored~, .. -~·_··· ,- C·••,-.~. ".~ •••_. _.... '.' .....~ ...... " ~•• _ ••_-_. -:,_••••_._ •• , __..__••_,••_.~_••_ •••••• '.' _., •••.•

This is the park's preferred alternative.
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Alt~rna.t:ive 2. Expandua8 of exi.st:l.ng- approved 'pest:1c:ide8 :121 bai.t
atat:1ons. °A rodenticide working group was formed in Hawai"i in 1994
to seek'registration of rodenticides in conservation areas of the
state. This interagency group was comprised of representatives from
the Hawai"1 DivisiQn of Forestry and Wildlife, Hawaii Department of
Ag~iculture, US Geological Survey- Blo1ogical Resources Division,-US
Fish and Wild1ife Serv.ice, us Depar~ent of Agriculture, Kamehameha
SchoQls/Bishop Estate, and the Nationa1 Park S~rvit:e. In 1995 tne
effort·s of the wor~ng group .resu1ted in tht;! registration of Eaton"s
All-Weather Salt Blocks fC?r use in covered bait ~tat~ons in
conservation a~eas. The bait statiODs restricted access to the bait
for 'birds~ humans. and other larg4!' ~o~,..target.spec~es.. T~e a.ctive
ing;rediel,'lt: of this x:oaeIiticide i~ 4i"phac:inone (0 ~ P05~), ~~e same

;!i~«tl~~~~~j!m{tfji.~;~;;·~
Dipbacliioile j,'~ 'an atit1t:oa:gu1~nt_ t.h~ m6$t CQl1Unotily U~ed ~~~. ';of
rodenticide 'be¢ause of slow 'action, high pa.iatabi~j:ty, low' r1.sk. anQ
easy applJ,:cat:i"on (L~d 1988·). AnticQagUlants work byil;1t~rferi:tlg
with:~ orgaD:ism~s abiJ.ity· to util1.z~ vj,tamin ~~ iD. the process of
biood clotting and by damaging sma11.er blood vessels, causi.ng
internal bleeding.

Use. of _rOdenticide in bait stations c~ be effective in only small.
accessrble areas .. Bait statLons are ~ract:i.ca~ for.large or remote
ar~s.. Dipahc~none.bait.st~tionsar•.no~ used systematically in any
areas of HAVO because they are highly labor intensive to set out and·
~Ln~ain. -·TheY.are currently used aro~d several ~dividuals of one
species of end~g~rec;l plant tD preven~ -bark g:l~ing during cb:y
per.io!3.~ .,. ._,.."r~~y ~:re .also used around selected n~ne Iie~ting and
brq.Q4tng ~r~~s. t~ Q9pt"i:ol--m.oni.ioose arid rats ·(mong90S~··a.re also highly
s.~~i.~"i"v~·,·t:~o :4iphacm6ne,i . .

Ut.rnat~ve 3. Expanc1 US~ of .:!IJ;.aP traps.. Use of ~ited~ snap traps
cat:l al.so be an effective method of rat control. However. they are
even Jno~e labor intensive to ~intain than are bait stations, making
their use over-large qreas.and in remote 1ocations not feasib1e.
Snap traps are currently Dot in use for rat contro1 in HAVO.

A1ternat1ve 4. No action. Do' not control rats.

nplUta ta:. K:i: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 approximately 60 inches
per year' and the substrate is deep ash accumulated over the last

_J. .,. ---·-~·l·O";'O-otr'Yea'rs"-:-'--'r-he . leipuka~is .divided by and surrounded by much
younger lava flow~ from Mauna Loa. Ki.puka KI is dominated by stands
of the native tree species koa (Acacia koa), manele (Sapindus

- saponaria), and 'ohi'a (Metrosideros polymo~ha). Stands of manele
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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

-andkoa. In scatXeredlocations__.as.ubcanopy of native tree.oS is
present. The understory vegetat.ion is largely alien, comprised of
stands of alien grasses •. blackberry, and Jerusalem chelrry. 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~ion and stimulate the establishment of native
plants. KIpuka XI was subjected to cattle grazing and fer~~ goats
until the 1970s, and feral pigs were present until the 19805.· No·
endangered or threatened or species of concern are currentl:Y found in
Kipuka K~. The common native .birQ.$ found on the Big Island are
pres~t incluQing ~Oma"q(,My~~e~.tes O~sC1J¥l,1s), "Ap~"l>ane (H~t:ione
sa.n~i.n.ea);' 'E-l~pai.o.· a,nCi ~~~§o~l_lY ~I'i.-wi (Ve$t;.iar;;,!a ~Qe¢i:bea) .•

s]lI~i~:E~~~~~~~~s~~~~IIe;~&!:s
is done ·adja~~t to the road wi.th the heav;Lest co1l.e':ti.:rig datie in
April.. No h'un~irig 1s al.low~c;1~ .

"01&'& Poreat. The 'ola'a site is ~ocated adjacent and east of
Wright Road above Volc~o Village. The ·rain fall. is approxima.te1y
140 inches per year. ." 01.a 'a forest is tree £~rn dominated rain
forest. 'ohi'a. the emergent tree species, occurs.~. open to
scattered stands. Tree ·fer:n,s form closed· stands 1.0-15 feet ta1l,
along with several.' other native tree species. The understory is .
comprised large1y o~ na~:ive ferns and shrUbs. "10 is occasiona11y
seen in "Ola'a forest. Comm9n native birds are a1so present; no rare
birds use the area. Two endangered plant species, 'anunu (Si~s

a.lba) and ha"'iwa·le (cyrt:andr:a giffardii) may occur ;in the area_
Hist:or~ca11y, in the ear1y 1980·s, a proposed en~gered endemic
pict\.u::~wtrtg f.1y (Drosoph,i.l~.1.u~t:e.rQ~!f!J,lra1 oec;urrea ii1 t'be study. area.
Ferai·;;·1?~~s·were rem6ve~.in.th~ .. ~a~-:I~;Y.'.1.9..~.9.~~ . and n9 .h.m;iti:qg··i.s '-taking
place_ .. Alien plant control ~gan in 1999 using he%'bi:ciCJ,es •. There
are ·ho· established trails and hi.ki~g and oth~r publie ·uses are v~ry
uncommon.

A1ternat~:v. 1. -rest broadcast rod.~tic.i.d.s... .
Broadcast diphacinone is expected to result 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·diphac~none/kilogramof
body weight. Under field conditions. rats must consume a· sublethal
dose for six straigh~ days to die •

. Human-·Health ·and .Saf.ety ...... -T.he...us.e.. of....diphacinQ.p.e. _,i.1L.l?~l:~~.!;~.._~.t: 0.005% .
. ~ _ • "".6 _

is not expected to pose a threat to human health and safety.
Diphacinone was first developed in 19S7 as pharmaceutical called
Dipaxin, an anticoagulant used to treat circulatory problems in
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humans. It was developed as a rodenticide in 1972 because of its
_____ anticoagulant" properties.__ AI1_a~ultbumanwould have t::0 eat

approximately 0.882 pounds of the bait-or-~4 pellets for an initial
therap~utic dose and 3-7 pellets a day-to maintain the therapeutic
dose. The lethal dose ,for humans is not known because it hii;l.s not
been qi~~ctlY tested on humans - to determine this. Dosages from
a.ccidental poisonings could not 'be· found.

Do~estic·Do9s." ~here'is 1ittle to ~o ~nger'of secondary poisoning
to pi~ hunte~s ~r their hunting dogs. The parkwil~ ,test ~d use
broadca~t ~it~l)g Qnly in areas wh~re pigs have been cQntrolled and
hunl:in~ pQ.e$ n,qt o~~r. _HAVO wa~ selected as a study area beqa1,ls,e of
its extensive pigrfJ;:'e,,? .i'.-r"~~~. pigs ~a,t-l,ng diphacinone ~i~s dQ not

~~iitllttj1&''.~~;lii~i_!-·_·_-
therapeutic dosage:. The s,eud}i' sites wE!%;e del.±berately se1-!'!c"ted to
avoid the. potenti.al of confl.icts with );lUlite-rs. Bunters ~y
potenti~l·1y travers,e the "01a" a study site wi.th their dogs in
access~ng·areas with p~gs east of the fenced unit in wbich the
treatment plot lies. Hunters a1most invariabl.y avoid the area

·surrounding thetreat~ent p10t because quicker access ~s 10eated in
pastures j~st outsi.de the park. it .i.s possi.1::?1e t:hat stray or 1ost.
hunt.ing dogs may wander through the treatment pl.ots. Sometimes these
dogs ~y sP~d One ~r more days in an area. Tp.e l.etha! dose is known
!Qr dogs:, ' J;t is ;3 .'O-6~5. mi.l1igra.ms./ld1ogram of body w~1.ght. An
11 .. 78 g;rai;ll p~liet ~ont~ins 0.589 mi11.igrams 'of dipbacinone. For a 30
po:lJ,nd (ij .61 ~i.'lo9r~) dog to obta1tL .the l.ower le~ha1 dose of 3
mi.ll."~g~,~lk~l'~~-, :i.twould ba:ye ~o ea.t 69.8 pell.ets (40.83

~~~df!iC~~i;i~~i~~~t;E~:=~:~~~~~;7=~lt~y
:Ln,g~st la~g~ n~s :0£ pellets .1.£'., pa1atabl.e~ Stray dog~ were Xlot
observed to eat pel.l.e~s an a recent study usLng placebo Ramik Green
pellets along Stainback Highway outside the park~

Vegetation. Trees. shrubs and other plants ~re not expected, to be
harmed by the haits . Seedl.ing establishment of plant species .most
likely-will be ~ced as rat predatiQn. of seeds and se~dlings

declines. Bark girdling may be reduced on papala-kepau(Pisonda
brunoniana) and possib1y other species. The effe~ts of rat predation
on s~eds ana $eedl·i.ngs of bau kuahiwi (Hibiscade~phiJs gi.ffardianus).
an endangered plant species. will be tested. Testing will invo~ve

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 potentia1 of introduci~g weeds into

. the treatment areas., Germination of.seeds will be tested under
optimal conditions in the greenhouse. Germination and fate of
s~edl{ngs will be tested under field conditions.
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Birds. N~tive forest perching hirds are not expected to be impacted
because they largely feed on nectar or inseots above the for~st

floor. Native birds occasionally feed on the ground where they could
come" into contact with contaminated invertebrates. owls feed on mice
and rats. Peuo(Aslo .tlammeus sandwichensjs). t:l1e native owL, -is not
present in ·ola~a and very ~are in Klpuka Xi. It resides and forages
in more opep areas. Alien barn owls (~to al1;Ja) are present iJl the
lower Mauna Loa strip forest-s. Alien birds feed~g on the fores t
floor may take pe11ets or invertebra~es with residues of _pest~cide.
Kalij pheasant is the species spending most pf its tiIne 'feeding on
the ground. Pes~icide residues wi1l be checked Ln ~ number of bird
specie~~ Alie~.s~cie~-fro~ a variety of f~edi~g ~~lds. w~11
sampled. If re$·idlles. a.r~ fp\1ii4.- then nativ~ pi:r,~ ~Y _be a~so

;;~;;r:::~;J~:f~i:;~:~;;~;;{:~;a;:~~
,areas- bUt are much- 1es~ 'al:iuiiQarit tMn b1ack- rats and '_p'61yri~!;i~n rat.s
in bOth of' the te~t si.tes·. -met! are uncommon in the rain fo~~st
except--' for gras~ ,opE!tl:1.ii:gs. House mice' are littie a:f.:f~cted·by
dip~cinone. Mi.ce 1argely depend OU a food base snade up of sina1l
seeds and may not directly compete with rats p ~hey may increase, in
numbers. if rats are control.led. This is an important researc::h .
question and mice populations will be monitored close1y during the
study.

Hongoose populations are expec~ed to decline because they a~e very
sensi.tive to diphaci.none and are known to be at~r~cted to ~h:is ba.i t
in bait s"tat1.ons. Feral cats may be attracted to the baits. The­
lethal dose for cats bas been ~eri.mentallyget:ermined_ Cats are
le$~~::!~~·~·t$.:~.e- ~han dog.s but lilteigh less _ ApproxiJn,a.te:l-y 50 ptj!l.·J,..et,s·
wo111d ~_ r~~;l.~e4_ t_45%: \;he ,average weight- ~e1:;ii1.1."cat.. .Th~r~ ~y.~
some -lia~~~d 9f' $e~ph~ry':poisc>ning by feeiUhg· on dead, or pqispnea
rats. LaX-ge :Q.um]:)el:-s of riits-~uld need to be ingested tQ receiv~ "the
equi.val.e:nt of the above- dosages.

Invertebrates.' Insects and other invertebrates are not known to be
sensitive to di.p~acinone and no direct effects are expected from
applicat'i.on .of the rodenti.cide. However. endemic: pj.c·ture-wing
Drosop}lila wi.~1. be teste~ under laborat:;ory conditions for attraction
to the bait and impacts of the active ingredient. The baits will
provide a fOOQ source fo, det~itivores~ particularly alien slugs and
sowbugs and populations of these invertebrates feeding on the ~its

may increase. snails and slugs wi11 be tested for pesticide residue_

Threatened and Endangered Species (Section 7 Consultation).
Enda-ngered .. 10 are not expected to be harmed through secondary
toxicity by scavenging or preying on rats which have ingesting
diphacinone). '10 are resident in the lower ~una Loa Strip and are
occasionally seen in '61a'a. Studies at HFNWR (Lindsey and Mosher
1994) indicate that 1) dead rats are rapidly located by mammalian
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scavengers such as rats, mongoose, and cats; 2) rats are largely
nocturnal anq ~hose moving around" in the" day tend to remain under
cover; 3) diphacinone contaminated rat~ tend to die in thei~ n~sts,

not in t~e open. -,A Section 7 consultation was carried out the US
Fish and Wildlife Service (FWS)_ The FWS has provided a Biolcgica1

-- Opinion.conc~uding thatthe_. prpPQ~_ec;i study is not _li:kely to
jeoparadize the continued existence of the '10 and tha~ the ccntjol
proram will be beneficial to other ~ndangered speci:.es - The FWS has
prescribed-terms and conditions'in t~e Biological opinion requiring
c-lose monitoring for signs of toxicity in "10. tracking rat movement,
and necr~p~ at dead birds_ 'An incidental· take of.one bird is
allowed .._.I~~cts on hau kuahiwi wiJ.l be mit:igated Qy t~e. f~ct that
.~um~v~qQ._~~d~v:i9uais will be ~e~·\=.·in tlJ.~, gro\1Jld to augment the .

!;i;~;i!~;~ii~~iii~,5;~~~i;st~:~~:lbn
ot th~-p~sticide is aehieved_- ~pacts that could ~f£ect wi1d~rn~$s

values include the use of pest.i~:i:des. .fl.agg~g tape. ,markers, and
plastic pitt~ll traps. and hel.icopter$.to hroaqc~~t baits_ These
i.ntru.si~.lis on. wilderne~ffs are ba1anced by the potenti.a~ gain ()f
restora~ion of ecological. integrity and native species recovery_
Hawaii'li natural areas. :including designated wilderness. are
imperiled ~ alien species_ Bawai'i's wilderness/resource managers
have perceived use of fences, pesticides. and occasionally _
,helicopters as the ~ecessarymin1mum too1 to accomplish the objective
of restoring wil~erness ecologicaJ. ~tegrity, hahi..tat restorati.on.
~d native species recovery end protectj.o~_

C~ltura1 Resources·~ The research ~il.l. be ca.rri.ed Qut to- not iJDpact
CuI ~-u~a.,i res(;)\U:"ces - ao1.es fo~~ in~h~$ deep and ~j,.ght :i.ncb~s wj.de .
will ~,,: ~c.a-Jated. ' The si.t.i-ng of these boles wi11. be- ~·eviewed with a
i;)aik ~ii':cheoiq~:i.s-t to ~void' -1ltl~¢t:;··.·~o-·ti;l:r~q.~o1.o9~¢~1. r~~()~ces•. if 'any
are pre~ent_ Plants.co1lected by Nat~veaawaii~$ in ~pUka~.

e_g •• palapalai fern (Micro~epia strigosa) wil.l not be af·fectea by
diphaci~one.' ..

SoiJ. and Water_ Effects on soil. and water are short-lived and not
pervasive _ Diphacinone is readily adsorbed by soil organic matter so
it does not move in the 50i1._ It is not:' readily sol.ub1e in water and
therefore disperses litt1e in water. It breaks down. to harmless.
simple compo~ds in both environments. It has a ba1f-l.ife (·ha1f of
original amount breaks down) in soil of 3S days_

•
A1ternati.ve 2. Us. bait stati.ons.

The effects on black rats are similar to those of broadcast baiting.
Bait delivery to Polynesian rats would need to ,be modified to achieve
sim~lar levels of rat control expected on black rats- Researchers at
HFNWR were.not successful in controlling Polynesian rats with

" commercial, box style, bait stations. If all species of rats can
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effectively be controlled. similar effects on v~getation,

invertebrates, birds, and other mammals can be expected. Helicopters
use will be ~educed or not needed in the 50 acre test plots and in
follow up management use if broadcast rodenticidesarenot used.
Helicopters may be needed to carry large volumes of b:iitstations·
inltially needed into remote sites. For small areas. bait stations
probably r~quire similar levels of- effort to put out and replenish as
hand broadcast baits. Influx of rats from 'W1treated ·areas is great in
small areas ~equiring frequent replenishing of baits, whether band
broadcast or delivered in bait stations•. However. fer larger target
sites, ~.g~, greater than SO acres,· brQadcast baiting wil1 be greatly
more cost-effective because: of t~e use of he1icopters. to 4eliver
hai ts 'and because of the lO1A1er e.dge-~o- areq. ratJ,..o and lower
rei,:.nvasion .. ~at..e$:.. .using bait stations in mOre remote areas or .areas

::~~~!~l::t~~:~~~:~:l:i~:::~:~~I1~f;~blifiU
replen1sl1 bait. -.

Human Hea1th and safety. The active ingredient (diphacinone O.OOS~)

for the rodent:icd.de used in bait stations is i.den.ti.cal. to that used
in Ramik Green pe11ets. . As in A1te~nat;tve 1 .• the 'Use of diphacinone
at 0.005% is not expected to pose a threat to human health and
s~fety..

Domestic Dogs. Bait stations are ~esigned to .prevent: large
vertebrates from gaining a.ccess to baits. :If a bait station were
overturned. some bait cou1d spi.11 out. However, the opportunity for
dogs to eat the bait is greatly reduced when comPared wi.th broadcast
pe1lets.

_Vegetat1.op. Similar t:o A1ternative 1.. the use of diphacinone baits
is not expected to bav~ any ~pact on vegecati~n.

W~1dlife. On1y the house mouse is 1:i.ke1y· to be ab1e to access. the
baits when placed in bait stat:ions. The :impacts on mice popu1ations
of contro11ing rats wi11 still need to be. addressed.

Invertebrates. Alien sow bugs. slugs and other invertebrates are
attracted to rodenticide baits in stations. and the consequences of
baiting wi11 need to be evaluated as- in Alternative 1.

Threatened and Endangered5Species (Section 7 Consu1tation). Section
7-consultations will be sought as in Alternative 1_

Wilderness. The intrusions on wilderness are likely to be similar to
those described under A1ternative 1. for broadcast toxicants, except
that bait stations will be employed instead of broadcast pellets.

Cultural Resources. No impacts on cultural resources are expected
under this alternative.
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Al.ternative 3. Use Snap traps.

..J.~~erna.t:S.ve 4 _ No .ct:lon.
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Soil and Water. No impacts on soil or water are expected under this
alternative.
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Snap trapping would have no impact on vegetation.Vegetation.

Dbin¢st:i.9 pogs. coconut and pe~\,l~~ut~~r·~r~· C9~9n.:LY use4 t:o})ait
snap tra·p·.$ for catqhing rat~;,; '. ~f dt;)9#;; :~~r.~.att~~c;;~,*~d .. to· the$·~ ·OO:f.t:s
and acci~i!ritally ·t:·:riggered the snap ·tr~pi. th~yc;:c>uld~ ~~J\fred·:;;'· .

Human Health and Safety. Snap traps for rats can be a hazard if
accidentally touched. Traps would need to be deployed with adequate
warning signs so that traps can be ~voided.

Snap trapping is effective and similar. recovery can be expected.
However·, it is extremely labor-intensive, especially in larger areas
and remote areas. There is the potential to learn about recovery
from these kinds of studies.

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

Wildlife. Snap traps will probably no't harm other wild1ife, but the
hazards will need to be evaluated.

Invertebrates. Alien slugs and other ~nvertebrates are attracted to
baits on snap traps. The impact of deploying baits on invertebrate
populations will need to be monitored.

Threatened and Endanger~d Species (Section 7 consuitation) .. Section 7
consultations will.be sought as in Alternat~ve 1.

Wilderness. The intrusions on wilderness are likely to be similar to
those described under Alternative 1. for broadcast toxicants, except
that snap traps will be ~loyed i~stead of brp~dcast pellets.

Cultural Resources. 'No ~pacts on cultural resources are expected
Under this alternative.

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.



Managed areas wi11 be marked with warning signs; known user groups
will be informed. A11 flagging, markers, and pitfall traps will be
removed at the end of the study. Archeologist will accompany field
technicians -in locating holes for pit fall traps. These holes will
be filled when ·the study is complete. ~roadcast baits will be used
only in areas without game an~ls and hunting activity. Effects on
~on-target species will provide mitigation of impacts. Pesticide
residues will· be checked in a. wide range of alien bird species
representing different feeding guilds. Study ~rea andvicini~will
be sy~tematical1y checked for sick and dead birds. which wi~l be

E:~!~f!~i:~~!h~!!~:!~!rt:~~~~1:~ltt~S~tf:~~~ies.....
Pesticide resid~es in slugs and snaiis a·ttr~·c·t~d" t"~" ·th~ "b~d.:t: ·Will" "be"
t:ested.
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Appendix 9. National Park Service acceptance of environmental assessment report.

United States Department of the Interior
° NATIONAL PARK SERVICE
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FINDING OF NO SIGNIFICANT IMPACT: TeST BROADCAST RODENTICIDES TO
CONTROL RATS, HAWAf'. VOLCANOES tJATIQNA~.PAR~ _

.-. .., ..: ._ ....~ .. -: .. "" '...0:' ..' :__ . :.. . .

PROPOSED ACTION :. ~ _'~ ." ..... :.: .~.. ~;.' - . ~. ..T.... , "

The' National Pari< '~~ice "~'{~fi VOI~~Qe~~, ~~~~,n~,'~'~a~f p~6p~i~s "t6':J~t "~e" ",- ~:_:
'rodenticide 'Ramik .Green. 'This. 'propo~, is .s~pported··by th~· .-P~·rk'~:, ~eS~.u~ce .
Manag~rra~nt Fl;ln'in p~jects·., HA~O-N-3~8-and ·HAVO~~32'f. :,,~m~1.t "'Glee!,, ~ ..a .'
pelletiz~dpesti'ci4e.btOadcast.by h~.nd ot·r.rom a·,helicop,er:. ·It consist~rot~ fi,st",flavQrecI
grain bait.·~nd the pestiQde dip~a9none at··O.G05%.- Diphaciilone.is~~ ·anti~agulant ....
which :Works by· causing' internal: bleeding.:. :Ramilc.Green· ,will .be applied" at- .4P .
pounds/aae starting fall. 1.999·and ,reapRned eveiy two to several months for'a ye~r. up'. .
to four iim~ p~ .ye:~.r. '.Th~"t~~ a!E!' d~~Jg~ed to evaluat~ llie.efflCa~of RamikGreen ".
in controlling rats, possible tQXicity to noti-taiget ~pedes'suCh as invertebrates· and ..
birds; and recoverY of i1ative·.plao~ and aIlimals.- The tests will first be (:Ond~~ io ~
10 acre stUdy Sije·in K{puka KI~. a~ a 10,"acre ,~a in ·O~"~ toresi near .Wrigl1t'~ad.
Hand tlrQadcasnr:ag wm,be ~~ in- ttle 1Q·aq-e sites. Ramlk Green- Wii!' then be·1eSted in
50 acre sifes jn'the'~eareas·Utiiizing ~~}faJ ~dqastil)~J. Bo~ t~t areas 'are:Within
fen~ tJr:IitS·f!on1· which feral goatS and pigs ~~ve~ e~imi~~~..

~e tests ..win J~e': ~~d~~ed. tiy~ 'us -~~~9i~I,~~su~yiBi~l~ica" R~~~~. DiyisiOn '.
sdentist$. in Collaboration With us Department of Agriculture .-ese.arChers.' The. research
is needed to. dtt~lop a iDOl for conservation managers in Hawai'i to contrOl rats. Rats.
esp~lIy the arboreal. black 'rat. are ~Own' to: be predatory on native -bird eggs and .
'young; U\ey aJs~ consu~ ~~e a010unts of native plant seeds' and invertebrates~ All

-iJ)ree SpeQes 9f-rats in.Hawaii are.'introd~' .

Rarm~.~ is MenDy regi~~ ,for use:~ a ,~I)ticide"a'round ~biIlgs~ Industrial.
and-agricultural buildingS. Gom;er:vatic;M1~nci~,~atternpti~,,~ode\le~ a special
local needs'label·f~ li$e an cdnservatiori a~s..,. For. regiStration Qf Ramik Green for use
iii .conservation ·areas. the Environmental- PrOtection AgehCy:: requireS r~ea;Ch on
effi~ey'iJ1CQntrQl~ingJa~ arid effects Qn ~e~·0r9ani$rils:. J'. ~dCast ~entiqde
is needed by ~$eivaUonagenoes ·~Use ·it \'1i1i be,.~d1 more cOst-effective and
practiCal iIl·-ren:.ote area than bait stations OF ~.trapping_· .

Other altemaJNe:s tbat were considered were use, of ,diphacinone deliv~ in. bait
stations. use Of :snap' traps. or no rat. ~ntrol.... A mOre detailed desaiption' of the
propOsed action. a~d .alt~matives is 'oontairled ir1 the Environmental AsseSsme()t (EA):

.Test Broadcast Rodenticitle ~a ControiRats. Hawafi VOicatloes NationalPiu1c..

WHY THE PROPOSED AC'!IQN Wlu.: NOT~~ A SIGNIr::IC~NT EFFECT ON THE'
ENVIRONMENT.. . - . .' ' . '. _. ,

Th~ proposed action will ncit .adversely affect,c.ultu:ral resources." The ~ ol}ly pc;>t~ntias·
impact 'on ciiltural resources· is from digging s,rnaJ.J "(4· x ~,. in~) p~t fall traps lQ S,arl)ple ,
invertebrates. .These will be filled iii :after the :s.tudy i·s. cOmplet.~ .., Arch~logical :and ..
historical resources are not-· abuiidCint ine'ither: study' site. . ·Ali· ~rcJi~ologjst Will ' ,
accompany.the" researcher in- ~ting the pit fall, traps to assure that no features are
disturbed. The purpose of conducting the ,tests ·.is· to roonitor non ,target o~ganisms to
determine if there are unforeseen effects.
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"the use of diphaclnone is not expecte~ to pose a threat to human health and safety. All
test areas will be sign~, and are sparsely used by the visiting public. The lethal dose of
diphadnone. for humans is· not definitively· known. However, the the~peutic dose is
approxi.mately 34 pell~ts ·for an initial dose and 3-1 pellets per day as'a maintenance .
dose. There is no danger.to hunters because game animals.are not present in the study
sites. likewise. hu~tin9 dogs will not be aff~cted. although stray dogs may "be. A 30
pound dog would need to i~g~t68 pelletS to ~ivealethal dose.'

.The proposed -adiOn and nJiti~iatiQ" wili: not'aQ:ve~ely affect natural resources. Baiti~g is
expected to 'significantly reduCe rat. ~p~~tions~ Alien mongoos~. r!'ay. be killed by the
bait..They are very sensitive'to dip~none .and are 'attraded to the bait in bait sta~.
No negative impa~ on vege~tion 'are' ~tidpated~ Most likely seedling estapliShmeril­
will bf;! ~ilhanced' by rat cOntrol. ~ .effeCts on soil are' expeC!:ed to .~ slJQrt-lived.
Oip~ctn~ ~·:~~b',.ad$Orbed by;.Oq}anic·rn~tter" and. n~t.~~ '0 be ,.~Pbi.~~:1t
has-"~Jia1f4if~~ ~:3~~aay$~ DiphacinDriei~ 't1Ot solu~le in ·wa.ter;, the~- is. no~.sur.f~~ .w~t~r

:~~~~~~~ter-~ble'is; ~fed .atg~. qep~: :o-erQ!e.'~ter
.. .

The endangered'~lo.~ ~waii~~Ha~.is.oofeXpecled 'to be impade~ by s~ven9ingor
-Preying Of feeding ·on·rats,.· .. O~er ra~·.con,",,1 StudieS in nat~ areas in Hawar.i have
demonstrated that dying: ~ts eon~~~ti!d by. ~iphacinone are rapidly lOCated by
mammalian scavengers, antl. ~nd ·.to· d{e ii)" their nests. Moreover. -10 are almost
exclusively.diurnal iPld rats ;;lrealmost ~usivetynQCturnal. ,"To may also be 'exposed
to .diphacinone by preying on con~minated'birds. . Pesticide reSidues in several bird
species wil~ be anatyied in.the:study:~ch~ for·this potential~ ,Radio cO~: and

. banded "lQ in and a~nd the- study slte.s' wiD a~o be -monitored during the sJudy_ The
potential effects. ~. diphacinone .on· ~To"are disCUSSed. in g~ter detail in docum~nf$
available fiorn parte·files on·seeuon 7:consultation with the US Fish.and Wildlife Service·
(FW~). ~e .Biol~ical OpiniQn qf~ fWS ~ Diat ..the prcipoSed. study is not ~eIy to
~p~r<1ize the ~tiilUed exiStence :of" ~.1oand 1hat the ~trQI tec:hniqes Win.be·
.~~Ji.c;Ia.·~.q~r er.~ngeiet;t·sp~s. ',J1le .FWS haS prescribed terms ancl" co~di~
in~thE(~fO~J¢a':~pit1ion '~q~ng dOse .monitoring for signs pf \QXiqiy in "10•.traCking rat
mOvement$". ~~d ne~ 0{ ~ei!d bi~s:-- _.' '. : .' '. . .

Invertebrates are a~rentfy little affected by diphacinone. However. effects·on ~Iected
invert~rates mo,$! Dkely. to .~. affected wiil be assessed during the proposed study.
The attractiVeness 'of the baits and dip~cinone effects ·on native picture-winged
Drosophila. snails. and slugs win be eval~tectby laboratory and/or fie~ experirr)ents by
checking mortality or pestidderesidues. Effects of baiting a~ .·rat _control on .
invertebrate populatio~Win-a.1so be· evaluated :by 'population monitoring. The potential _
for 'bioaccumulation in birds Will be evaluated in the alien birds. kalij pheasant.~
ca~inal. and leio~ Which~ may be' feeding on pellets or invertebrates feeding on
pellets. These:species ~iJI ~e"coUected and'w~ole body analYsis caiTiedoul

Wildem~ss in "Ola·a will be affeded 'by' the' presence of marked research plots and
transects. temporary pjt fall .traps~ use 9f ~ .Pesticide. and use of a helic;;opter to disperse
Ramik Green peJiets. Ra.t .control. along wi~tiother restora~ strategies such as pig .
control. were determined to be the minimum requirement for restoring the ecological
integrity of wildemess.and the proposed .researc;h· methodoJogy was dele'nnined 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 Septembe~'3. 1999. The draft J:A 'was mailed .
to 78 individuals, organizations, and government agencies. These included bird hunting
and pig hunting dubs, conservation organizations, natural reSource management

. ag~ncies, a· wilderness protection group. Native Hawaiian 'community leaders .and .
organizations, adja~nt landowners, coml'Jluriity groups. ··and biologis~.. Twenty-foor.
responses were 'received by phone~. email, t;)r letter•.·· Twenty. respondents explicitly
support~d the·proposal; three others found no problems with analysis or the prQject; no
responQent objected 10 the pr~posal. .. A I')umber of concerns Were raised, especi~'1y

froinc;QnselV~6on.biologists about. potehti~1 effed~ ~n invertebrates and birds. Dr.

·!~~!~£~~~S~:.~.·
P~f)u~tidn.of picture-winged ·pro~ophJla. ~ S~Ppl~ry1e9t~~.~~~.. ~r:: J?~it
attra~ and population Ieve1s in tJ:le.fieJdduring the course of the stUdy. Dr. Grant
Ge'rTi$h felt· that the EA was defiqent in infor:mation concenliJ19 poten~t second;iry
poisoning of ~tive.birds.especially the "10 frOm preying on CQI'ltaminated.bi~sor rats.
Victor Taniinoto, Entomolo9isl. Department of Land 'and Natural Reso~rc;:es, fali there
was some need to test soils. and water. S~eve.H~ President Big Island Bird Hunter's
Club, was ·ooncemed about effects .of- diphacinone on game.birds such as turkeyS :and
ple~an~ that may move ·from treated areas tQ hunting areas and effects on owls.. The
Concerns of Dr:. Gerrish'and Mr. Hurt are iaddressed by ~.es in the EA to clarify
testing.Jar pesticide ~ues in birds.- Or. LooPe, Dr.· D~II~~ Mr. Anderson felt
th3t Sfudy sites shOuld be larger to evaluate efficacy of control and impacts on non .
target s.pecies,'especially birds, or that the 1Qaae study site stage~ be by passed
in. favor Of the ·50 acre $l\Idy areas to expedite. the reSearch. 11le

0

10 acre study site
stage is -:lot ~iga~orY. ~ the park and Bf-U) principal in~stiSatorswanted to.proceed
~~Iy·a~. ~imiz~ potential impacts by. starijrlg in s~Her~ sites. Dr.
D~tI' alSo painted· put·the s,~~ are incluc:J~ in the g~in.pmtand ~~ ~~ated

urlder wet field conditions. Seeds that germina.lect in~d~d.· mail~t arid'.~uekWheal
Gerr.nination .of seeds. in Ramik Green pellets will be tested tinder optimal cdnditions in
the greenhouse and.under field CQnditions. The germinating species will be identified
and the fate. of the. seedlings monilorec1"under field'conditions. The.seven respOndents
who expre$Sed ~rnsdid not raise poin~which substantively altered the outcome of
the enviroomental impact analysis.
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RESPONSIBILITY

e
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IMPACT CATEGORY

Human Health and Safety

Aesthetics

Cultural ResoUrces

Birds

Invertebrates

Wilderness

::

MITIGATION MEA5UR.E

Post warning signs; notify I Chief of
known user gro~ps; Utili;ze I Management!
lightly visited sites. in park I "

-where no game-anjmals are
present or hunting is taking
plate -

Remove all flagging. Chief of
markers. traps at end of Management
study-

· Pit 'lall traps will be dug Chief' "of.
when archeologist ·present Management

. to aVoj~ resources; Holes
will be "filled in at .end of
studY'
Sample for ~ticide Chief of
'resi;due ·in three alien bird Management
species and potentially
Others. ~duding . native
birds. if pesticide residues
.found; Monitor -To .in and
·around test .sites using­
radio collared and banded
birds; M~tor (or dead
~rds in $tudy areas and
adjacent ateas; Test for

I peSticide residue in any
.dead birds found
·Condud labOratory tests on Chief of
bait attractiveness and Management
impacts of diphacinone" on
picture-wing Drosophila
species;
Cond~d field test of bait
attraCtiveness aiKI pesticide
residue in slugs and snails
Remove aU markers and Chief of
other evid~ research Management
when completed;Minimize
h~licopteruse to bait drops
only
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Plants Potential. chewil)g on Chief of Resources
exp.erimental plants of Management
endangered hau kuahiwi
compensated by large
number of outplantings;
Germination of seeds in
Ramik Green pellets to be
tested under field r

conditions

.,
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. DETERMINATION

Based on information contained in the Environmental Assessment as summarized above., the
nature of the comments reaived during th~ public review period, and the mitigation ·measures to
be taken. it is the detemWi.ation of the National Parle Service that the proposed action would Dot
constitute a major federal action that would would significantly affect the human environnient.
Thercfo~ in compliance with the Nati~nal Environmental Policy Ad ~gulatioDS. an

. Environmental Impact Statement is not required and the proposed ;LCtion as detailed in the
Environmen sment JDaY be imp1eJ:n~t im~ediate1y.

F--~~~+*-----Date # '
Approved by Da;';~/5it?---L--+_~~"'=;;"~_~~_-';;"''--';;;'''';''''''';:::::'''''__ , i
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Appendix 10. Application for experimental use permit.

April 19,2000

Application for experimental use permit to ship and use a pesticide for experimental purposes
only.

1. General Requirements:

(a) (1) Application for Experimental Use Permit, EPA Form 8570-17.

(a) (2) EPA Reg. No. 2393-498, EPA Est. No. 61282-WI-I

(a) (3) Introduction, purpose and objectives ofproposed testing

Alien small mammal and invertebrate predators have had devastating impacts on insular
environments worldwide (Atkinson 1977, Buckle and Fenn 1992, Moors et al. 1992, Seto and
Conant 1996). In Hawaii, evolution of the fauna and flora 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. 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 rat (Rattus rattus) , Polynesian rat (R. exulans), Norway rat (R.
norvegicus) and house mouse (Mus musculus) are found in a variety of habitats from sea level to
3050 m elevations (Stone 1985, Tomich 1986, Lindsey et al. 1999). These rodents, together with
the introduced feral cat (Felis catus) and Indian mongoose (Herpestes auropunctatus) inhabit
forest habitat in varying degrees of sympathy with native Hawaiian forest birds, plants, and
invertebrates (Sugihara 1997, Tomich 1986, USGSIBRD, unpubl. data).

Depredation of eggs, nestlings and adult birds by introduced mammalian predators has
been widely postulated as a leading cause of the accelerated decline and extirpation of endemic
Hawaiian avian species and as a major factor limiting present populations of endangered forest
birds (Atkinson 1977, Berger 1981, Scott et al. 1986). In addition to eating eggs, nestlings and
adult birds, rats prey on native Hawaiian tree snails (Miller and Hatfield 1993) and insect larvae
(Sugihara 1997). Rats may also compete for food with the Hawaiian Crow (Corvus hawaiiensis)
and Omao (Myadestes obscurus) (Scott et al. 1986) and some endemic insectivorous bird
speCIes.

The size, arboreal behavior, and nocturnal habits of black rats cause them to be the
greatest rodent threat to native forest birds. Both black and Polynesian rats are also known
predators to ground and burrow nesting birds (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, USGSIBRD unpubl. data).
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Seeds and fruits of many endemic plant species are susceptible to predation by rats. The
fruits of both rare and comn10n species of Clermontia are eaten by rats in wet forests. In a study
carried out in wet montane forests of Maui Island, 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 n1esic
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).

There are only two methods (trapping and bait stations) available for controlling rats
affecting native animal and plant populations in forested areas of Hawaii. Trapping can be an
effective short-term nonchemical means of controlling predators in small or limited areas.
Diphacinone (0.005%), a first generation anticoagulant, in two flavors (peanut butter and fish) in
all-weather bait blocks placed in bait stations has 24C State of Hawaii registration for use against
rats in off-shore islands, forests, and other non-crop areas. The fish-flavored bait is also
registered against mongoose. However, trapping and use of bait stations are labor intensive and
impractical for controlling predators over large conservation areas. Studies at the Hakalau Forest
National Wildlife Refuge have demonstrated that, while the use of diphacinone bait blocks
placed in bait stations was effective in reducing black rat populations, Polynesian rats appeared
reluctant to accept the bait in its present formulation or distribution method (USGS/BRD,
unpubl. data).

Purpose: To develop a safe, economical method to control introduced rats In noncrop
conservation areas of Hawaii.

Objective: To determine efficacy of aerial broadcast baiting with a 0.005% diphacinone pellet
bait, to determine disappearance rate from the forest floor of diphacinone bait pellets, and to
monitor secondary hazard potential from aerially broadcast baiting 0.005% diphacinone bait
pellets.

(a) (4) A description in detail of the proposed testing program including:

Test parameters:

Study area: Two 45.3 ha (112 acres; 673 x 673 m) study plots will be established in a
mesic forest at Kipuka Ki (treatment) and Kipuka Puaulu (control) within Hawaii Volcanoes
National Park on the island of Hawaii, State of Hawaii. Kipuka Ki is separated from Kipuka
Puaulu by 1.53 km. Neither study area contains surface water impoundments or streams. No
buildings or other man-made structures are located within 1 mile of the treatment study site.
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Livetrapping: Within the center of each 45.3 ha plot, 144 basket live traps will be placed
at 25 m intervals on transects spaces 25 m apart to obtain indices of rat densities pre- and post­
treatment. 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. Between trapping periods,
traps will remain in a closed position at each trap location. Traps will also be opened 2 weeks
before aerial baiting, and 2 weeks, 2 months, and 4 months after aerial bait application to
determine efficacy and rat re-invasion rates. For each trapping period, trap locations 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. Rat capture rates pre- and post-treatment in the
control and treatn1ent plots will be calculated following the method by Nelson and Clark (1973)
and compared by Chi-square analysis.

Census blocks. One week before each treatment plot is baited, 132 non-toxic census bait
blocks will be placed on a 25- x 25-m spacing within each 45.3-ha plot. Blocks will be placed
on transects in between live trap locations (i.e., 12.5 m, 37.5m, 62.5m, etc.) for 2 nights before
baiting, and at 3 weeks, 9 weeks and 17 weeks 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 bait blocks gnawed on by rats pre- and post-treatment in the control
and treatment plots will be compared using Chi-square analysis.

Radio Telemetry. Before the initial bait application, up to 25 rats within the treatment
and up to 25 rats within the control plot will be fitted with transmitters. Each rat will be
monitored daily for at least 3 consecutive nights immediately before baiting to ensure the rats are
active and alive. 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.
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. The proportion of radio-collared rats surviving in post­
treatment within the treatment and control plots will be compared by Chi-square analysis.

Diphacinone Baiting. One fish-flavored formulation (Ramik® Green, RACCO, Inc.,
Madison, WI) of 0.005% diphacinone pellet baits (6 g/pellet) will be tested. (The bait to be
tested is the same formulation as the registered Ramik Green bait [EPA Reg. No. 2393-498],
except it is prepared in a 6 g pellet.) The 45.3 ha treatment plot will be aerial broadcast baited
with the fish-flavored diphacinone bait. The other 45.3 ha plot will not be baited to serve as a
control. One-half of the bait (11.5 kg/ha; 10 lbs./acre) will be distributed aerially on Day 1 and
the other half (11.5 kg/ha; 10 lbs./acre) will be distributed on Day 5-7. This application schedule
is to ensure that bait pellets will be available to rats for 10-15 consecutive days as recommended
by Dunlevy et al (2000; Attachment C). The total amount of bait aerially distributed will be 22.5
kg/ha (20 lbs./acre). Bait pellets will be aerially applied when the ground is reasonably dry and
weather predictions call for fair weather in the next 5 days.

Bait Disappearance rate. Immediately after the first 11.25 kg/ha bait application, 20
individual bait pellets will be randoITlly located within the center 4 hectares of the 45.3 ha
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treatment plot. A 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 the bait
is taken or the bait disintegrates. Data will be recorded on disappearance, feeding by slugs,
snails and other invertebrates, and consumption by rats.

Analytical chemistry. The concentration of diphacinone in the baits will be analyzed by
Genesis Laboratories, Inc., Wellington, CO.

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
nloming for 2 weeks after bait distribution.

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 recorded to
determine if the carcasses are accessible to avian predators. Four randomly selected transects
(673 m long x 5 m wide and spaced at least 50 m apart; 3% 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. Any carcass discovered will be recorded to
species, weighed, sexed, placed in individually marked containers, frozen and retained for
possible residue analysis.

Designation of the pest organisms involved:

Target species include the black rat (Rattus rattus), Polynesian rat (R. exulans), and
Norway rat (R. norvegicus).

Amount of pesticide product proposed for use:

22.5 kg/ha (20 lbs.lacre). 1019.25 kg (2240 pounds) total.

The crops, fauna, flora, sites, modes, dosage rates and situation of application:

Kipukas Puaulu and Ki, ancient areas of deep ash soil surrounded by lava of the late
prehistoric Keamoku flows are contained within a mesic forest within Hawaii Volcanoes
National Park. Both kipukas are on the lower slope of Mauna Loa at 1,200-1,360 m elevation.
Kipuka Ki is separated from Kipuka Puaulu (control site) by 1.53 km.

Vegetation within the central part of the kipukas is composed of a tall
koa/'ohi'a/soapberry (Acacia koalMetrosideros polymorpha/Sapindus saponaria) forest. Native
ferns and herbs dominate ground cover 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). 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. Neither area contains surface water
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impoundments or streams. No buildings or other manmade structures are located within 1 mile
of the treatment study site.

Fauna include seven endemic bird species -- the elepaio (Chasiempsis sandwichensis),
omao (Myadestes obscurus), apapane (Himatione sanguinea), iiwi (Vestiaria coccinea), Hawaii
amakihi (Hemignathus virens), and Hawaiian hawk (Buteo solitarius); and six introduced bird
species - northern cardinal (Cardnalis cardinalis), red-billed leiothrix (Leiothrix lutea), kalij
pheasant (Lophura leucomelana), nlelodious laughing thrush (Garrulax canorus) , Japanese
white-eye (Zosterops japonicus), and house finch (Carpodacus mexicanus). Mammals found
within the study area include four rodent species (Rattus rattus,R. exulans, R. norvegicus, and
Mus musculus), the feral cat (Felis catus) and the Indian mongoose (Herpestus auropunctatus).

The mode of dispersal and the dispersal rate will be a 100-m swath out of a Dryslinger II
bucket slung under a Hughes 500 helicopter, sowed on two separate days at the rate of 11.2
kg/ha (10 pounds per acre) per day. The two aerial broadcast baiting applications, separated by 5
- 7 days, is to ensure that bait pellets are available to rodents for 10-15 consecutive days as
recommended by Dunlevy et al. (2000; Appendix C). Total amount of bait distributed will be
22.5 kg/ha (20 lbs./acre).

The treatment site is a 45.3 hectare (673m x 763m) area ofK.ipuka K.i (elevation between
1200- and 1270-m) located in a mesic forest within the Hawaii Volcanoes National Park, Island
of Hawaii, State of Hawaii. The top edge of the site is located 250 m below (south) of Mauna
Loa Strip Road that transects the center ofK.ipuka Ki (See map - Attachment A).

Testing will be conducted starting January 2001 and be completed by January 2002.

The manner in which supervision of the program will be accomplished.

The program will be supervised by Dr. David Foote, Ecologist, Pacific Island Ecosystems
Research Center, Kilauea Field Station, P. O. Box 52, Hawaii National Park, HI 97818.

(a) (5) Name, address, telephone number, and qualifications of all participants

Dr. David Foote, Ecologist
USDI/Biological Resources Division
Pacific Island Ecosystems Research Center
P. O. Box 52
Hawaii National Park, HI 96718
Phone: (808) 985-6070

• Dr. Foote obtained his doctorate in Ecology from the University of California at Davis.
He has nine years experience in assessment and restoration research of native
invertebrates and vertebrates in Hawaiian ecosystems. His research interest includes
assessment and restoration of host-plant associated arthropod biodiversity; effects of
introduced mammals on community structure of native and non-indigenous invertebrates;
relationship between ecosystem function and biological diversity; impact and control of
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alien social hymenoptera in Hawaii; classical biological control of invasive weeds; and
phenotypic evolution of insects following historical colonization events.

Dr. Eric Spurr
Landcare Research
P.O. Box 69, Lincoln
New Zealand
New Zealand phone: +64 (03) 325 6705
Hawaii phone: (808) 985-6070

• Dr. Spurr obtained his doctorate in Zoology from the University of Canterbury, New
Zealand. He has 27 years of research experience. Since 1992 his research projects
include developing toxic baits for wasp control, developing toxic baits for rodent and
mustelid control, assessing impacts of pest control on non-target species, and developing
repellents to protect non-target species from pesticides. Other experience include leader
of multi-disciplinary research teams, comprising up to six scientists and technical staff,
spanning entomology, toxicology, and vertebrate ecology.

Charlotte Forbes
DSDIlBiological Resources Division
Pacific Island Ecosystems Research Center
P. O. Box 44
Hawaii National Park, HI 96718
Phone: (808) 967-7396 ext. 240

• Ms. Forbes has a Bachelors of Science degree in Wildlife Resources from the University
of Idaho. She has 15 years experience as a research assistant and/or wildlife technician
working on various conservation projects, including the evaluation of diphacinone for the
control of mongoose and rats in conservation areas of Hawaii. Beginning in 1999, she
has been the lead field technician evaluating hand broadcast baiting using a 0.005%
diphacinone bait pellet for the control of rats in mesic and wet forests of Hawaii.

(a) (6) Name and address of all cooperators

Judy Thompson
HACCOInc.
Registration Manager, Rodenticides
P.O. Box 7190
Madison, WI 53707

Tim Tunison
Hawaii Volcanoes National Park.
ChiefofResource management
P.O. Box 52
Hawaii National Park, HI 96718
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Thomas L. Hauptman
President, Pacific Helicopter Tours, Inc.
Kahului Heliport, Hanger 109
Kahului, HI 96732

Pacific Helicopters are certified in aerial applications of agricultural pesticides and will
use a Hughes 500 to apply the bait.

(a) (7) Information on prior testing

1. In standard laboratory feeding bioassays with commercial Ramik® Green pelletized bait
containing 0.005% diphacinone, Swift (1998; Attachment B) determined that minimum
exposure times and bait amounts of seven days and 37.5 g (15 commercial-size pellets)
for Rattus rattus, and six days and 30.0 g (12 commercial-size pellets) for R. exulans
were required to achieve EPA acceptable control of wild caught rats from Hawaiian
ecosystems.

2. In a broadcast bait application rates' study using Ramik® Green placebo bait pellets
(formulated without diphacinone) and coated with a biological tracer, Dunlevy et. al
(2000; Attachment C) evaluated three application rates (11.5, 22.5 and 33.75 kg/ha) to
determine the optimal broadcast application rate that will result in maximum exposure to
rodents in Hawaiian ecosystems. Baits were also monitored for degradation to ascertain
that baits would be available to rats for the necessary exposure time of 7 days required to
reach the lethal dosage determined in laboratory trials (Swift 1998). Results indicate that
an application rate of 22.5 kg/ha would maximize bait exposure to rats, while minimizing
excess bait usage. Ninety-four percent and 100% of Rattus rattus and R. exulans,
respectively, were known to have consumed bait pellets at this application rate. These
results were 23% higher than the 11.5 kg/ha application rate and only 2% lower than the
33.75 kg/ha application rate. Dunlevy et. al recommended a minimum bait life after
application of 10-15 days (4-8 days for rats to become accustom to a new type of food
plus 6-7 consecutive days of bait consumption). Ramik Green pellets meets this
criterion.

3. In a hand broadcast baiting study using 0.005% diphacinone bait pellets (Ramik® Green;
6g pellet), Lindsey and Forbes (2000; Attachment D) obtained 1000/0 control of the rat
population in two 4-ha study areas (wet forest and mesic forest) within the Hawaiian
ecosystem. Bait application rate was 22.5 kg/ha with one-half (11.25 kg/ha) of the bait
pellets distributed on Day 1 and one-half (11.25 kg/haY on Day 5. Bait pellets were
applied twice to ensure that fresh bait pellets were available for 10-15 consecutive days
as recommended by Dunlevy et.al (2000; Attachment C).

4. In 1999, TOlmie Casey of Kamehameha Schools/Bishop Estate (a large private
landowner) conducted an experimental drop of an Eaton's fish-flavored 8-gram wax­
based pellet for the control of rats in Hawaii. She used a sowage rate of 15 lbs/acre over
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a 70-acre area at 6,200-ft elevation in a wet forest habitat. Preliminary results from this
study suggested good control of the rats with the 20 rats marked with radio collars dying
within 6 days after the bait drop (Attachment E, pages 2-3 in draft minutes of Hawaii
Toxicant Working Group Meeting August 26, 1999).

5. Lindsey and Mosher (1994: Attachment F) assessed the secondary hazard potential of
diphacinone to non-target avian predators, particularly the Hawaiian hawk or 10 and the
Hawaiian owl or Pueo (Asio jlammeus), within forested areas of Hawaii. Dead rats (kill
trapped) were placed on the forest floor to determine scavengers taking them.
Mammalian predators rapidly located (mean of 2.9 days) and consumed the dead rats.
Avian predators did not locate or take any of the exposed, dead rats. Radio-marked rats
moving 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 owls as a
result of poisoning from diphacinone was considered minimal.

(a) (8) Proposed method of storage and disposition of unused experimental pesticide and its
containers.

Bait pellets will be stored in plastic bags enclosed within cardboard boxes within a locked
storage room within Building 216, Hawaii Volcanoes National Park. Building 216 is a
combination office/laboratory/storage building, which is locked each night after working hours.

Empty cardboard boxes and plastic bags will be disposed of within an approved waste
disposal facility. Unused bait pellets will be disposed of as hazardous waste according to U.S.
Government regulations.

(a) (9) Additional information

This pesticide formulation is the same as Ramik Green (EPA Registration No. 2393-498)
except it is formulated in a 6-gram pellet.

(a) (10) Supporting documentation

Attachment G. Letter of support from the National Park Service's Hawaii Volcanoes
National Park for this research.

Attachment H. Letter of support from the Nature Conservancy of Hawaii for this
research.

Attachment 1. Letter of support from the U. S. Fish & Wildlife Service's Hakalau Forest
National Wildlife Refuge for this research
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Attachment J. Letter of support from the State of Hawaii, Department of Fish and
Wildlife for this research.

2. Tolerance Requirements

We request an exemption from the requirement of a tolerance. The proposed
experimental use pesticide application will be applied only within a non-food crop forestry area
for the control of rats (Rattus spp.). The treatment area is a mesic forest within Hawaii
Volcanoes National Park. Vegetation within this mesic forest is composed of a tall koa, ohia and
soapberry trees. The dominant ground cover consists of native ferns and herbs, but blackberry
and alien grasses are found in some areas of the forest. The treatment area does not contain
standing water impoundments or streams. The area has been free from feral ungulates since the
mid-1980's.

3. Data Requirements

See enclosed authorization letter from RACCa, Inc. for EPA to access data in EPA files
on diphacinone to support this application.

4. Environmental Risks

Eisemann (2000; Attachment K) conducted preliminary aquatic and human health risk
assessments for aerial applications of rodenticide baits containing diphacinone in Hawaii forest
ecosystems. No predicted risk is indicated to aquatic species when risk quotients (RQ's) were
calculated by the EPA surface water model, Generic Expected Environmental Concentration
Program (GENEEC). Data also show that there is little risk of children consuming a toxic dose
of diphacinone from drinking surface or ground water

An environmental assessment for testing broadcast bait applications of the Rodenticide
Ramik Green conducted by the National Park Service resulted in a "Finding of No Significant
Impact" to the environment (Attachment L).

A Section 7 Consultation on Experimental Use of Diphacinone Pellets in Hawaii
Volcanoes National Park (Biological Opinion Log 1-2-99-F-03; Attachment M)by the U.S. Fish
and Wildlife Service, Honolulu, HI concluded that the study is not likely to jeopardize the
continued existence of the Hawaiian Hawk. Additionally, they conclude that the rodent control
program may be beneficial to other endangered species within the project area.

Lindsey and Mosher (1994: Attachment F) assessed the secondary hazard potential of
diphacinone to non-target avian predators, particularly the Hawaiian hawk or 10 and the
Hawaiian owl or Pueo (Asio flammeus), within forested areas of Hawaii. Dead rats (kill trapped)
were placed on the forest floor to determine scavengers taking them. Mammalian predators
rapidly located (mean of2.9 days) and consumed the dead rats. Avian predators did not locate or
take any of the exposed, dead rats. Radio-marked rats moving 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
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for Hawaiian hawks or owls as a result ofpoisoning from diphacinone was considered minimal.

5. Labeling Requirements

A draft label addressing use conditions and application directions required by EPA for
shipment of the 0.005% diphacinone baits under an Experimental Use Permit is attached
(Attachment N).
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Appendix 11. Amendments to protocols in EUP application.

Amendment No. 1. Item 1. (a) (4) Study area.
Amendment No.2. Item 1. (a) (4) Live trapping.
Amendment No.3. Item 1. (a) (4) Census blocks.
Amendment No.4. Item 1. (a) (4) Addition ofhouse mouse monitoring.
AmendmentNo. 5. Item 1. (a) (4) Bait disappearance rate.
Amendment No.6. Item 1. (a) (4) Analytical chemistry.
Amendment No.7. Item 1. (a) (4) Non-target hazards.
Amendment No.8. Item 1. (a) (4) Amount ofpesticide product proposed for use.
Amendment No.9. Item 1. (a) (4) Mode of dispersal.
Amendment No. 10. Item 1. (a) (4) Treatment site.
Amendment No. 11. Item 1. (a) (6) Name and address of all cooperators.
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Amendment No.1

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

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

Date--+--+--------

Page 108 of 191

Study Director: ~.w{~
QA Officer:~D

- f/'
'-./

Reasons: The study plots were increased in size to 675 x 675 m for ease ofmeasurement, and to
have a 200 m buffer around the 275 x 275 m core monitoring area.

Revision: Two 45.56 ha (112.58 acres; 675 x 675 m) study plots will be established in a mesic
forest at Kipuka Ki (treatment) and Kipuka Puaulu (non-treatment) within Hawaii Volcanoes
National Park on the island of Hawaii, State ofHawaii.

Item to be changed: 1. (a) (4) Study area. Two 45.3 ha (112 acres; 673 x 673 m) study plots will
be established in a mesic forest at Kipuka Ki (treatment) and Kipuka Puaulu (control) within
Hawaii Volcanoes National Park on the island of Hawaii, State ofHawaii.

-.



Amendment No.2

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

Reasons: In earlier studies with Ramik® Green bait hand broadcast over 10-acre study plots,
reinvasion of rats occurred within 2 months. To detemline the effect of aerial baiting over a
larger study plot (112.6 acres), it was decided to monitor rat reinvasion rates at longer intervals of
3 and 6 months.

Date------'----1---------

Date--------t--------

Page 109 of 191

Study Director: \J~
QAOfficer:~

It was not possible to compare rat capture rates pre- and post-treatment in the control and
treatment plots because there was no replication of plots (only pseudo-replication of traps). Chi­
square analysis could not be used on the raw data (nuITlber of rats caught) because the analysis
could not take into account the different number of trap nights in each trapping session, resulting
from different numbers of target and non-target species caught, nor could it allow for spatial or
temporal correlation between trappings.

Revision: Traps will be opened 2 weeks before aerial baiting, and 3 weeks, 3 months, and
6 months after aerial bait application to determine efficacy and rat reinvasion 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). The capture rates cannot be compared
statistically because there was no replication of plots (only pseudo-replication of traps) and there
was a different number of trap nights in each trapping session.

Itenl to be changed: 1. (a) (4) Live trapping. Traps will also be opened 2 weeks before aerial
baiting, and 2 weeks, 2 months, and 4 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.
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Amendment No.3

Effect of Amendment: This amendment does not affect the outcome of the study.
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It was not possible to compare the proportion of bait blocks gnawed on by rats pre- and post­
treatment in the treatment and non-treatment plots for the sanle reasons as for live trapping (i.e.,
there was no replication ofplots, only pseudo-replication ofbait blocks, and there was a different
number of bait blocks remaining in the morning in each monitoring session because different
numbers disappeared from unknown causes overnight).

Reasons: The timing of census bait block monitoring was altered to co-ordinate with other rat
monitoring activities (e.g., live trapping).

Revision: Two weeks before the treatment plot is baited, 132 non-toxic census blocks will be
placed on a 25- x 25-m spacing within the central 275 x 275 m of each 45.6 ha plot. Blocks will
be placed on transects in between live trap locations (i.e., 12.5 m, 37.5m, 62.5m, etc.) for 2
nights before baiting, and at 3 weeks, 3 months, and 6 months following baiting to determine
efficacy and rat re-invasion.... The proportion of bait blocks gnawed on by rats pre- and post­
treatment in the control and treatment plots cannot be compared statistically because there was
no replication of plots and there was a different number ofbait blocks remaining to be monitored
in the morning in each monitoring session.

Item to be changed: 1. (a) (4) Census blocks. One week before the treatment plot is baited, 132
non-toxic census bait blocks will be placed on a 25- x 25-m spacing within each 45.3-ha plot.
Blocks will be placed on transects in between live trap locations (i.e., 12.5 m, 37.5m, 62.5m,
etc.) for 2 nights before baiting, and at 3 weeks, 9 weeks and 17 weeks following baiting to
determine efficacy and rat re-invasion. . .. The proportion of bait blocks gnawed on by rats pre­
and post-treatment in the control and treatment plots will be compared using Chi-square analysis.



Amendment No.4

Item to be changed: 1. (a) (4) Addition of house mouse monitoring.

Date
---+------.l~-------
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Study Director: D~$
QAOfficer~n
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Reasons: Monitoring house mouse activity before and after bait application was added to
increase our knowledge of the effect ofbait application on species other than rats.

Effect of Amendment: This amendment will provide additional information that will potentially
improve the outcome of the study.

Revision: Kill trapping. Fifty-six mouse traps (Victor snap traps) will be located at 10-m
intervals (two traps per location) along one transect line in each study plot to estimate house
mouse densities pre- and post-treatment. The traps will not be placed in protective trapping
tUlmels. Trapping will be carried out 3 weeks before, and then 1 month, 3 months, and 6 months
after bait application. Within each trapping session, the traps will be baited with coconut chunks,
set, and examined daily for 2 days (maximum 112 trap nights). Captured mice will be placed in
marked containers, frozen, and sent to Genesis Laboratories (Wellington, CO) or Landcare
Research (Lincoln, New Zealand) for analysis of diphacinone residues. The traps will be
removed after a trapping session, and relocated to a new transect for the next trapping session.
Mouse capture-rates pre- and post-treatment in the treatment and non-treatment plots will be
calculated following the method ofNelson and Clark (1973).
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Aunendrnent~o. 5

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

Page 112 of 191

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
e
e
e
•

Date
--~,I--=-E-----"-'------"---

Date__~l----+------''-- _

~~QA Officer:! )~b
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Reasons: Monitoring bait disappearance after the second bait application was added to increase
our knowledge of bait disappearance. Locating the baits in the first quarter of the central
monitoring area was done to follow the standard operating procedure SOP BRD-12 (see
Appendix 22). However, data on the size, softness, surface area gnawed by rats, mice, or
invertebrates, and the surface area covered by mold were not recorded, as specified in SOP BRD
12, because they were found to be of little use in the earlier hand-broadcast trial.

Revision: Immediately after the first and second 11.25 kglha bait applications, 20 individual bait
pellets will be randomly located within the first quarter of the central 275 x 27'j m monitoring
area of the 45 .56-ha treatment plot.

Item to be changed: 1. (a) (4) Bait disappearance rate. Immediately after the first 11.25 kg/ha
bait application, 20 individual bait pellets will be randorrlly located within the center 4 hectares
of the 45.3 ha treatment plot.



Amendment No.6
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Effect of Amendment: This amendment will provide additional information that will potentially
improve the outcome of the study.

Reasons: Diphacinone residues were analyzed in animal livers as well as in baits. Both
laboratories are GLP accredited. The choice of laboratory was determined by cost-effectiveness.

Revision: The concentration of diphacinone in the baits will be analyzed by Genesis
Laboratories, Inc., Wellington, CO. The concentration of diphacinone in animal livers will be
analyzed by Genesis Laboratories, Inc., Wellington,CO, or Landcare Research, Lincoln, New
Zealand.

Item to be changed: 1. (a) (4) Analytical chemistry. The concentration of diphacinone in the
baits will be analyzed by Genesis Laboratories, Inc., Wellington, CO.
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Amendment No.7

Effect of Amendment: This amendment either does not affect or improves the outcome of the
study.

Item to be changed: 1. (a) (4) Non-target hazards. Four randomly selected transects (673 m long
x 5 m wide and spaced at least 50 m apart; 3% 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.

Reasons: The search transects were shortened to be consistent with the length of transect
searched in the earlier hand-broadcast study. The timing of searching was altered to co-ordinate
with rat monitoring activities (e.g., live trapping). The collection of birds for diphacinone
analysis and observation of invertebrates on baits were added to provide additional information
on non-target risks of bait application.

••••••••••••••••••••••••••••••••••••••••••••
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Revision: Four randomly selected transects (475 m long x 5 m wide; and spaced at least 25 m
apart; 2% of each study plot) within the treatment and non-treatment plot will be walked to
search for non-target mortality 2 weeks before, and 3 weeks, 3 months, and 6 months after bait
distribution.... Birds of four introduced species, viz., Kalij Pheasant (Lophura !eucome!ana),
Red-billed Leiothrix (Leiothrix !utea), Northern Cardinal (Cardinalis cardinalis), and Japanese
White-eye (Zosterops japonicus), will be collected by shooting or mist-netting in the treatment
plot I month after the first bait application. The birds will be frozen and stored for possible
determination of diphacinone residues .... Invertebrates in contact with baits will be recorded
from baits placed at 2.5 m intervals beside wire flags on four transect lines, of 25 baits per line,
after the first and second bait applications. Observations will be made during the day and at
night, using a headlamp. Invertebrates will be identified to species where possible, otherwise
genus, family, order, or class. Samples will be collected, frozen, and stored for possible future
analysis of diphacinone residues.



Amendment No.8
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Revision: 22.5 kg/ha (20 lbs/acre). 1025 kg (2252 lb) total.

Effect of Amendment: This amendment does not affect the outcome of the study. The total
amount of bait to be applied is still below the permitted amount (3000 lb).

Reasons: The increase in treatment area from 673 x 673 m to 675 x 675 m (45.3 ha to 45.56 ha)
meant that more bait would be required in total. The application rate remains the same.

Item to be changed: 1. (a) (4) Amount ofpesticide product proposed for use.
22.5 kg/ha (20 lbs/acre). 1019.25 kg (2240 lb) total.

•••••••••••••••••••••••••••••••••••••••••••



Amendment No.9
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Reasons: The Lakeland Helicopters bucket is a specially designed for application of baits such
as Ramik® Green.
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Effect of Amendment: This amendment was made in an attempt to improve the quality of bait
application, and consequently improve the outcome ofthe study.

Item to be changed: 1. (a) (4) Mode of dispersal. The nlode of dispersal ... will be a lOO-m
swathe out of a Dryslinger II bucket slung under a Hughes 500 helicopter.

Revision: Baits will be dispersed out of a Lakeland Helicopters bait bucket slung under a
Hughes 500 helicopter.



Punendrnent~o. 10
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Effect of Punendrnent: This amendment does not affect the outcome of the study.

Reasons: The size of the treatment site was increased slightly for ease of measurement and to
have a 200-rn buffer around the 275 x 275-m core monitoring area (see An1endrnent ~o. 1).

Revision: The treatment site is a 45.56-ha (675 x 675 m) area ofKipuka Ki.

Item to be changed: 1. (a) (4) Treatment site. The treatment site is a 45.3 ha (673 x 673 m) area
of Kipuka Ki.
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Amendment No. 11

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

Pacific Helicopters is certified in aerial applications of agricultural pesticides and will use
a Hughes 500 to apply the bait.
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Volcano Heli-Tours is certified in aerial applications of agricultural pesticides and will
use a Hughes 500 to apply the bait.

Reasons: Volcano Heli-Tours was a local company experienced with flying In Hawaii
Volcanoes National Park, and was available at the time required.

Revision:
David Okida
Volcano Heli-Tours
PO Box 5595
Hilo, HI 96720

Item to be changed: 1. (a) (6) Name and address of all cooperators.
Thomas L. Hauptman
President, Pacific Helicopter Tours, Inc.
Kahului Heliport, Hanger 109
Kahului, HI 96732
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Appendix 12. Deviations from protocols in EUP application.

Deviation 1. 1. (a) (4) Radio telemetry.
Deviation 2. 1. (a) (4) Live-trapping.
Deviation 3. 1. (a) (4) Diphacinone baiting.
Deviation 4. 1. (a) (4) Amount ofpesticide product proposed for use.
Deviation 5. 1. (a) (4) Environmental conditions.
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Deviation No.1

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

Deviation: All rats were not monitored daily for two weeks following bait application.

Reasons: All rats died within 8 days of bait application, so they could not be monitored for two
weeks.
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~vQAOfficer:~~
(/

Study Director: gM.~

Protocol deviated: 1. (a) (4) Radio telemetry. Each rat will be monitored daily for two weeks
following bait application to determine its fate.



Deviation No.2

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

Reasons: Some rats escaped before they could be sexed, weighed, or ear-tagged.
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~QA Officer:~ ~'~b

~

Study Director: ~...A.~

Effect of Deviation: This deviation meant that some information about the sex, weight, and
capture status of individual rats was lost, but it did not affect the main outcome of the study.

Protocol deviated: 1. (a) (4) Live-trapping. All rats captured will be identified to species, sexed,
weighed, ear-tagged and released.
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Deviation No.3
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Deviation: Diphacinone bait was accidentally distributed outside the treatment plot, and
broadcast at a higher rate than stated in the protocol on Day 1 and at a lower rate on Day 5.
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Reasons: The gate in the bottom of the bait bucket jammed open at the end of the third flight
over the treatment plot on Day 1 (25 October), resulting in bait being spread outside the
treatment plot, though still within Kipuka Ki, as the helicopter turned around to fly back over the
plot. The extra area covered was estimated, from finding bait on the ground, as 8.1 ha (20 acres).
As a consequence, an additional flight had to be made, with additional bait, to ensure that the
treatment plot was covered. It is estimated that, eventually, 539 kg of bait was applied over the
treatment plot and 96 kg over the extra area, at a rate of 11.83 kg/ha (10.51 lb/acre), on
25 October. This rate of application was still higher than planned, as a consequence of the size
of opening in the bottom of the bait bucket being too large (see Appendix 21). A smaller
opening was used on Day 5 (30 October) in an attempt to reduce the rate of bait application. As
a consequence, the rate of application was estimated as 10.56 kg/ha (9.39 lb/acre) on 30 October.
Overall, the total rate ofbait application was 22.39 kg/ha (19.90 lb/acre).

Effect of Deviation: This deviation was the result of a minor technical problem and
inexperience. It would not normally happen. It did not affect the outcome of the study. The
total rate ofbait application (22.39 kg/ha) was slightly less than planned (22.5 kg/ha).

Protocol deviated: 1. (a) (4) Diphacinone baiting. The 45.3-ha treatment plot will be aerial
broadcast baited with the fish-flavored diphacinone bait. .. One half of the bait (11.25 kg/ha; 10
lb/acre) will be distributed aerially on Day 1 and the other half (11.25 kg/ha; 10 lb/acre) will be
distributed on Day 5-7... The total amount of bait aerially distributed will be 22.5 kg/ha (20
lb/acre).



Deviation No.4

Reasons: See Deviation No.3.

Deviation: The total amount of bait used was 1116 kg (2461 lb), although only 1020 kg (2249
lb) was estimated to have been applied to the treatment plot.

Effect of Deviation: This deviation did not affect the outcome of the study. The total amount of
bait used was below the permitted amount (3000 lb).

Date ~..J..J_'t_J+/_~_3 _
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QA Officer:.~

Study Director: CJ">{~

Protocol deviated: 1. (a) (4) Amount of pesticide product proposed for use.
1019.25 kg (2240 lb) total, amended to 1025 kg (2252lb) total
(see Appendix 11, Amendment No.8).

••••••••••••••••••••••••••••••••••••••••••••



Deviation No.5
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Effect ofDeviation: This deviation did not affect the outcome of the study.
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Date---+-.+-+--=-....:.-...0..-------

Date-----IY--+--=--------

QA Officer: ~<z::r

Study Director: QJ~ _

Reasons: The radio-collared rats were all dead by 9 days after bait application. The temperature
records after 5 days have been lost.

Deviation: Rainfall was collected for only 9 days and temperature for only 5 days after the first
bait application.

Protocol deviated: 1. (a) (4) Environmental conditions. Daily rainfall and temperature will be
recorded by 10 a.m. each morning for 2 weeks after bait application.
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Appendix 13. 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 ofand with the cooperation of USGS-Biological Resources
Division, Kilauea Field Station, Hawaii National Park., Ill; and the National Park Service, U.S. Dept. of
Interior, Hawaii Volcanoes National Park. .This product will be used for research purposes only under State
of Hawaii Department of Agriculture Experimental Use Permits.

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

Total '" '" '" 100.000%
EPA Est. No. 61282-WI-l

KEEP OUT OF REACH OF C~DREN

CAUTION
PRECAUTIONARY STATEMENTS
HAZARD TO HUMAN AND OOi\1ESTIC ANIMALS
CAUTION: Keep away from humans, domestic animals and pets. If swallowed, this product may reduce
the clotting ability of the blood and cause bleeding.
NOTE TO PHYSICIAN: If ingested, administer Vitamin K1, intramuscularly or orally, as indicated in
bishydroxycoumarin overdose. Repeat as necessary based on monitoring of prothrombin times.
IN ALL CASES OF HUMAN INGESTION llvIMEDIATELY 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 surf~ce water is present.

STORAGE AND DISPOSAL
Do not contaminate water", food, or feed by storage or disposal.
STORAGE: Store only in original closed container in a cool, dry place inaccessible to dlildren and pels. Store separately from
fertiliZer" and away from products with strong odors whidl may contaminate the bait and reduce acceptability. Spillage should be
carefuJJy swept up and collected for disposal.
PESTICIDE DISPOSAL: Wastes resulting from the use ofthis product may be disposed of on site or at an approved waste disposal
facility.
PLASTIC CONTAlNER DISPOSAL: Triple rinse (or equivalent). Then offer for recycling or reconditioning. or puncture and
dispose of in a sanitary landfill, or, if allowed by slate and local authorities, by bwning. Ifburned, stay out of smoke.
FIBER DRUMS WITH LINER DISPOSAL: Completely empty liner by shaking and tapping sides and bottom. Dispose of liner in
a sanitary landfill or by incineration ifallowed by state and local authorities. Iffiber drum is contaminated, pWlcture and dispose of in
same manner; other-wise, offer drum for recycling or reconditioning.

NOTICE OF WARRANTY: IT IS IMPOSSIBLE TO ELIMINATE ALL RISKS INHERENTLY ASSOCIATED WITH THIS
PRODUCT. CROP INJURY, INEFFECTIVENESS, OR OTHER UNINTENDED CONSEQUENCES MAY RESULT BECAUSE
OF SUCH FACTORS AS WEATHER CONDITIONS, PRESENCE OF OTHER MATERIALS, OR TIlE MANNER OF USE OR
APPLICATION, ALL OF WHICH ARE BEYOND THE CONTROL OF HACO, THE MANUFACTURER OR SELLER. IN NO
CASE SHALL HACO, THE MANUFACTUREROR SELLER BE LIABLE FOR CONSEQUENTIAL, SPECIAL OR INDIRECT
DAMAGES RESULTING FROM TIlE USE OR HANDLING OF THIS PRODUCT. ALL SUCH RISKS SHALL BE ASSUlvlED
BY THE BUYER.
EXCEPT AS EXPRESSLY PROVIDED HEREIN, HACO, THE MANUFACTURER OR SELLER MAKE NO WARRANTIES,
GUARANTEES, OR REPRESENTATIONS OF ANY KIND, EITHER EXPRESS OR IMPLIED, OR BY USAGE OF TRADE,
STATIITORY OR OTHERWISE, WITH REGARD TO THE PRODUCT SOLD, INCLUDING, BUT NOT LIMITED TO,
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, USE OR ELIGIBILITY OF THE PRODUCT FOR ANY
PARTICULAR TRADE USAGE. BUYER'S OR USER'S EXCLUSIVE REMEDY, AND HACO'S, THE MANUFACTURER'S
OR SELLER'S TOTAL LIABILITY, SHALL BE FOR DAMAGES NOT EXCEEDING THE COST OF THE PRODUCT.

FOR USE BY RESEARCHERS ONLY.

BAeo, INC.•P.O. BOX 7190.MADISON, WI 53707
NET CONTENTS: 50 pounds (22.68 Kg.)
CODEUOO
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NlA =Not AvaltabJe

<1.000

OJ)05

% Ingr.

>98.995

NfA

NlA

NlA

NA

NlA

NlA

WA

SECTION II- PllysIAlICheillical ChanderisUQ
NlA
BuIt DensIty =3'-33 b'ft'
NlA
NtA
NlA
NfA
S6Qhttt soluble.
Green extruded peBets with fish odor.

sEcno'ili .. ~.,~diellts/hfeiiliiy hif....*UOn
.~.UnRs

OSHA PEL ACGlH ll.V Recommended

Msnufscture(s Name: HACO, INC.
537AlasA~ue P.O. Box 7190
Madison, W"eo::msh 53107

Emergency Phone Numbers: 60&-221~ HACO, INC.
6Q8..m6039 Mid-Wisconsin Security
800-424-9300 CHEMTREC

~pecIio Chernic;ll ldetitity

p~~
(CAs ·NO. 82-G6-6)

Sodium saa::harin
(CAS No. 128-44-9)

IMltlngredienb: (no~)
Grain.hoItno.~ta6ve NfA

Boilng Point
~~.cw-r=1)
VapOr~.(mmHg)
Vapor 0enaIIr. (-=1)
MeailgPow.t:
E\':ap9laUon Ra\Ie (Butyl/u::etate;1)
SokJbiVty~Water.
~andOdor:

THIS PRQOUCT CONTAINS THE FOlLOWING SUBSTANCE WHCH Is REGUlATED UNDER SARA. ll11..E III.
SECTION 313: None

SECTION I

SECTION IV - Fire alHl bpl••to" Huard Data .

Product Name: RAMIK GREEN

MAlERlAl SAFETY DATA SHEET

Appendix 14. Material safety data sheet.

EPA Registration Number: ~98
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RAMIKGREEN

Unusual Fie and Explosion Hazards: None.

F~Pcmt NlA
F1amm~nlty limb: us.: WA lee NlA
extinguishing MedkI: Fog or water spnry. foam. carbon dioXkIe. dry chembal

SpecialFe Fighting Proc:eduJes; Pol'enUaily hazaRIous in evere fire.
Wear sef-cQntained breathing apparatus. Heat from fire may cauSt! decomposition with evolution of tamand
.hTlatlng fumes. Ifwa\er is used as an @X1jngujshing media. diking is required to J(eep oontarniriated waterO\!! of aU
watersuppes.
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RAMIK GREEN

SECTION V - Reactivity Data
Stabiily: This is astable material.

Conditions to avoid: None known.

100000a1ibaily (Materials to Avoid): None known.

Hazardous Decomposition Products: Aromatic decomposition products: Garbon MOM:lxide, Carbon Dioxide, Water.

Hazardous PoJymeriz.etion: Does not occur.
Conditions 10 avoid: No~ known.

SEcnoN VI- Health Hazard Data
ROiMs or Enby: Inhalation? No.

Skin? No.
Ingestion? Yes.

Het1l'lh~(~~~ GJlrooiP): Inhibitionof~ ofprolhrombin and ~uetbn ofclotting of~ Acute
Or8JLD.::: 2..3·~ for~ne TechniCa·' al9a% AdNe .Ingredient. (Equfvalenllo 46,000~ of~k
Green)

Cardnogenicity: ~.~ is a candidate chetrik:al.
IARC Monogr.iphs? Sacx;harin is a carKJidale chemical
OSHA Regulated? No.

Saccharin has been~iined~ cause cancer In bbomtoryanrnaJs.

Signs and symp1om&of~: Normal reactiorJ to anticoagutant, i.e. nose bleeding. bleed"ng gums..

Medcal Conditiom Generally Aggravated by &posure: BleeQIllg and otherconditioN whi:h may be aggravated by
eanded dotting Ime.

Emetgeney and First Aid Procedures: INGESTION: For IaIge doses wflhln~2-3 hours lndl.Jce vomRlng by
drilkilg 1 Of 2 gJasws or waIM' and IDud\klg~ of Itwitwfth finger. 00 NOT induce vomiting orgive anything
by rnoUlh to unoonsdous peDOnS. Cal~ 1nvnediateIy. Administration ofVbmin K, combined wtth bbod
transfu!ions. is Indk::ated as nlhe case of hernorthage t3Wled by averdoseof blSlhydroxymumarin (t)icumaroQ.

SECT10N VII - Prerautions ,..s.. Handling and Use ..
~ 10 Be Taken In Case Matet1iiII Is~edor SpiIed: Sweep lIP, place in oonlabMiJr and seal

Wa* DispQsaI.Method: "Ihe$e wastes C3I'VlQI be disposedof by~ acoording to label~ ( La. garbage
dumps. etc.) contact yow state Pesticide Agenty.

PJecautions to Be Taken 'n Hand5ng and Storing: S10re il 0f9nal container in a cool dry area separateJy from
fertilizer, feed. or foodstu1& and BIIaY fIOm pnxIuets with~ oden.

Ober Precautions: Keep in area sulable for pestioide slDragt. Keep out of reach of children and domestic animals.
Avoid cross-mntamfnaUon wiIf'l other~ .

SEcnON VIII- CDntrol MeasllreS
Resplra\ory Protec1ion (specify tvPe): Not generally requiml
Venrilation; Local EJthau$t? Not generalty required.

Medlanbal (general)? Not oeneraJly required.
. Special? Notge~ required. .

OIher7 NotgenercdJy required.

Protective Gloves: None
Eye Protection: None.
Other ProlecfiveC1oth1ng or Equipment Use dothing and equ~ment consistent with gocxf pesticide handrlllg end
application prooedures.

WorKlHygienic Practices: Wash thoroughly after handling product.
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RAMIK GREEN

SECTION IX - Cillifomia Addendum (Proposition 65) Safe Drinking Water~nd
Toxic: EnfoRemenl Act of 1986

Thefolk>~ SpecifIC wammgs are hereby given relative 10 substances that the State of California has identified as
caltiJogens and'or reprQductive hazaros under Proposition 65:

~ WARNING: This product contains a dlemk::al tnawn 10 the State of CaJiomia tocau$e~. (So<flUm
Saccharin)

o WARNING: This product contains achemical Jcnown to the State of california to cause birth defects or other
R:pmdUdNe hann.

SECTION X· SARA TITLE .. HAZARD CATEGORY:
for Reporting Under'sections 3t1 & 312

Immediala~ Delayed y~ F'tre~
Reactive No ,,~ ~e~ase pfPte$Sure ..JhL

~~em9~XI- Shipiprag Iflformafioli
0.0.1. HaZa~~ri: Not Q.O.T.~jfi~
Bildlac1r\9~V.~~.,~~Not

AI imrma60n Q)nlained In the Material sety'Data Sheet is furnished~ ofcharge Bnd is Intended b'yt)ur
evalua&n. In ouropinion 1he inJ'ormafion is. as fA the dale o'f!hisMaterial safety Data sheet, reiabIe. hawe¥er, It Is
youtteqlOnsbfty b ~ine Ihe wbbility of the InfonnaUon tor your use. Yov are acMced not b amstrue 1he
inJormali:ln as abeoMefy oompIete $1nOe addtional Wifonnation mzI1 be neoea.ary or deskabte when particular.
~ or~ condiIOna otdrcurnstanoes exist orbecause of~ taws wgcNemmeni regulations.
The1ebre. you shoUld use this~ only z a supplement to oCher inforriIaIiDng~byyou and you must
make ildependenl determinations allhe~ and completeneSs c.!f the information Iiom ..SOUICa to 4I$SUIe both
propeI'UIe rJf the maliedal desai)ed herein and the .arely and hsallh of~byeea. Acculi:liiQly. no guaran1ee
eJIP~or inpIied Is made by HACO.INC. as to the JeWb" be obtakled based upoI\ youruse of the information
nor dJes HACO. INC. assume wry liability &rising out fAJOuruse d ttE information. '
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CERTIFICATE OF ANALYSIS
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9/g/0 L
Date

9-Q-02..
Date

0.0051

% DIPHACINONE

144548

Product: Ramik Green %"
Date ofManufacture: September 2000
Date Analyzed: September 2000

LOT NUMBER

~rAn~
MaryAnn~ ~
Research Chemist

E}J---M-an-U·fa-C'U-"-i~-l1-PI-~-t-C_C__O__•__I_R-~-l1-jS-~-r-iD-~·O·ffic-e--------
11D Hopkins Drive P.O. Box 7190 (53707)
Randolph, WI 53956·1316 5900 Monona Dr.
(920) 326-5141 Water Tower Place, Suite 200
FAX (920) 326·5135 Madison. WI 53716

(608) 221-6200 • FAX (608) 221-7380

Appendix 15. RACCa certificates of analysis for Ramik® Green bait.



CERTIFICATE OF ANALYSIS

f&J--·Man-Uf,·ac·tu·ri·~·p·la·~·t-C_C_.O_••_.I·~·l1·;S·~·ti·.:.O.ffj,.'c.e--------
110 Hopkins Drive P.O. 80:17190 (53707)
Randolph, WI 53956·1316 590D Monona Dr.
(920) 326~5141 Water Tower Place. Suite 200
FAX (920) 326-5135 Madison. WI 53716

(608) 221-6200· FAX (608) 221·7380
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Q(9/o 7
Date

Date

0.0050

% DIPHACINONE
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144548

Fields
·ty Control Lab Technician

LOT NUMBER

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



Appendix 16. End use product tracking fonn for Ramik® Green bait.

QUANTITY QUANTITY INITIALS
OUT REMAIN

(Ib) (Ib)
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16 Apr 2001 Received 52 x 50lb boxes from HACCO (total 2600 Ib),
stored in locked, dehumidified room, Bldg 216, BRD

19 Apr 2001 Removed 60 pellets for measurement, then returned them
CFP
IS
CFP
CFP
CFP
CFP
CFP
CFP

DF

CFP

2598.8
2597.9
1198
137.6
136.5
125.3
125
o

2600

DESCRIPTION

CFP is Charlotte Forbes Perry
DF is David Foote
IS is Ilana Stout

30 Apr 2001 Sent 536 g to Genesis Labs via Fedex for analysis 1.2
8 May 2001 Sent 71 pellets to HACGO for size measurement (ca. 426 g) 0.9
25 Oct 2001 Used 635 kg for aerial application in Kipuka Ki 1399.9
30 Oct 2001 Used 481 kg for aerial application in Kipuka Ki 1060.4
30 Jan 2002 Sent 482 g to Genesis Labs via Fedex for analysis 1.1
26 Apr 2002 Gave 5100 9 to Peter Dunlevy, APHIS, for slug &snail study 11.24
30 Apr 2002 Sent 120.5 9 to HAGGO via Fedex for analysis 0.27
18 Jun 2002 Used 100 Ib, hand broadcast, Ola'a Forest under State EUP 125

DATE
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Appendix 17. 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

PERFORMING LABORATORY

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

Wellington, CO 80549

STUDY COMPLETION

July 25, 2002

STUDY NUMBER

00005

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

Page 1 of31
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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) l(A), (B), or (C).

Page 2 of31

Date
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Genesis Laboratories, Inc.

STATEMENT OF NO DATA CONFIDENTIALITY CLAIM

00005

David Foote
U.S.G.S. Biological Resources Division
Pacific Island Ecosystem Research Center
Kilauea Field Station
Hawaii Volcanoes National Park, HI 96718



The study contained herein, 00005, was conducted in accordance with requirements,ofTitle 40, Code
of Federal Regulations, Part 160, Good Laboratory Practice Standards as published by the U.S.
Environmental Protection Agency, Office ofPesticide Programs.
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i~t JJi, 2.c.'l.l c
Date '

;1- .t. i 1 'l. .j ~J l..

Date

Genesis Laboratories, Inc.

David Foote
U.S.G.S. Biological Resources Division
Pacific Island Ecosystem Research Center
Kilauea Field Station
Hawaii Volcanoes National Park, HI 96718
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JefYJ. Mach /
Genesis Laboratories, Inc.

GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

00005

Sponsor Submitter:

Sponsor Representative:

Study Director:



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

I Protocol 01125/00 01125/00 01126/00
I

Method Validation and
Concentration 03/27/00 03/27/00 03/31/00

Verification

Raw Data 04113/00, 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/24/00 OS/24/00 06/08/00

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

Verification Analysis
Bait Extraction for

01116/02 01117/02 01117/02Analysis
Liver Removal and

01/17/02, 01/18/02 01/24/02 01/24/02
Extraction

Bait Extraction Data 01/29/02 01129102 01130102

Review ofAnalytical
02/26/02 02/26102 02/27/02

Data

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

I Final Report 06106/02 06/06/02 06/12/02

QUALITY ASSURANCE STATEMENT

Page 4 of31
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Date
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Genesis Laboratories, Inc.00005

Karen L. March
Quality Assurance Unit Manager
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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 of Genesis Laboratories, Incorporated.
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Date r /

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

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

Laboratory Technician

Laboratory Technician

Laboratory Technician

Chemist

Study Director (09119100 - present)

JOB TITLE

Genesis Laboratories, Inc.

STATEMENT OF STUDY INTEGRITY

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

GENESIS LABORATORIES PERSONNEL INVOLYED IN STUDY 00005

00005
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Study Director:

Valerie L. Fuhrman

Ronald J. Harkrader

John Baroch

PERSONNEL

Vadim Malkov

Jeff Borchert

Chris Gates

JeffJ. Mach
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INVESTIGATED TISSUE: Animal Liver

STUDY DIRECTOR: Jeff J. Mach

TEST SUBSTANCE: Ramik Green Bait Pellets

ACTIVE INGREDIENT (CAS #): Diphacinone (82-66-6)
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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 (OO-TS-02), 49.1 ± 1.2 ppm (OI-TS-08),
40.3 ± 2.2 ppm (02-TS-Ol), 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 Leotbrix), 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:

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

GENESIS LABORATORY
STUDY NUMBER: 00005

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 INITIATION: 02/08/00

EXPERIMENTAL
START DATE: 04/04/00

EXPERIMENTAL
TERMINATION: 02/05/02

STUDY COMPLETION: 07/25/02

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



DIPHACINONE CONCENTRATION VERIFICATION IN BAIT

TEST METHODS AND MATERIALS

DETERMINATION OF DIPHACINONE IN ANIMAL LIVER

TEST SUBSTANCE DESCRIPTION AND IDENTIFICATION

Page 8 of31Genesis Laboratories, Inc.00005

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 performance liquid chromatography (HPLC) that employed a reversed phase column and
UV detection. The method was validated for the concentration range 2.39 - 19.1 ).lglmL 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 ).lg/mL), and was 0.10 ).lg/mL. Limit of
Quantitation (LOQ) was determined as the standard deviation multiplied by 10, and was 0.34 flg/mL.
LOD and LOQ were determined 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 (!PC A reagent) with pH = 6.9 ± 0.1.

The residual concentration of diphacinone in the liver was detennined 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
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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 (OO-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-01, 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 of custody form.

INTRODUCTION

The purpose of this study was to detennine 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.
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RESULTS AND DISCUSSION

DETERMINATION OF DIPHACINONE IN ANIMAL LIVER

CONCLUSIONS

DIPHACINONE CONCENTRATION VERIFICATION IN BAIT
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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-BiJIed 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 of the 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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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).

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, OI-TS-08, and 02-TS-06 (98.3 ± 5.6 % recovery). The concentration of diphacinone in the test
substance 02-TS-O1 was determined to be 80.6 % of theoretical that is slightly low. Detailed results
of the analyses are presented in the Appendix II, Table 1.

for the concentration range 0.07 - 0.96 )lglmL with the following parameters: Mean R2 = 0.99106 ±
0.00313, Fortified Blank Recovery = 81 ± 4 %, Sample CV = 4.9 0/0, LOD = 0.06 )lglmL, and LOQ =
0.16 )lg/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 of the 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 rnL /0.5 g).
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LABORATORY PERFORMING ALL EXPERIl\1ENTATION IN THIS PROTOCOL:
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Date
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0.005% Diphacinone Bait
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Diphacinone

None Assigned

Genesis Laboratories, Inc.
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TEST SUBSTA.NCE DESCRIPTION

PROPOSED EXPERIMENTAL START AND TERMINATION DATES
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It is proposed that this GLP study be conducted from January 27, 2000 to November 1,
2000. The actual dates will be specified in the final report.
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Any unused product will be returned to the Sponsor for proper disposal or recycling. The
Sponsor must prepare accordingly.

As referenced in 40 CFR 160.105, the Sponsor is responsible for determining 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 documentation shall be
specified.

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.

The test substance samples shall be labeled with product name, EPA registration number
or CAS number, lot number ifavailable, storage requirements, expiry date ofthat Jot, 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 of 0.005% by weight Diphacinone Bait. It will be
supplied by the Sponsor. It is the responsibility ofthe Sponsor to provide approximately
100 g ofthe test substance. The test substance must be representative ofthe conunercial
lots or batches.

INTRODUCTION AND PURPOSE

00005

The purpose ofthis study is to dctenninc 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
diphacinone bait during the test period, using Good Laboratory Practice Standards (GLP)
in support ofthe registration ofthe product under 40 CFR 158.145. The manufactured
lot number and formula number will be specified in the final report.

00005
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Evaluation ofAvian Species
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The final report will include a summary of the avian species tested, the concentration of
diphacinone residue found in the bird and a summary ofthe limits of the method used to

The diphacinone bait test substance used in the field study will be analyzed for
diphacinone concentration to detennine the actual concentration ofthe active ingredient
in the test substance.
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Pesticide Assessment Guidelines
Subdivision E: Hazard Evaluation Wildlife and Aquatic Organisms

SUMMARY 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 the bird will be removed and
subjected to chemical extraction, and concentration techniques to isolate diphacinone
from the tissues. All methods and their appropriate validation will be made according to
the current version ofGenesis Laboratories> Inc. SOP AN-2. A full report ofthe
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 ofliver 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 using 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 of Genesis Laboratories, Tnc. Standard
Operating Procedure (SOP) AN-2 and the details of the method used, including
calculations, will be reported in the final report.

CONCENTRATION VERIFICATION

00005
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DATA RECORD KEEPING

AMENDMENTS TO THE PROTOCOL

Page 147 of 191

Upon completion of the study, a complete study report, including copies of representative
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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Page 60f8Genesis Laboratories, Inc.

Genesis Laboratories, Inc.

All original data generated in support of this 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 win 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 connnunicated verbally by the Study Director to the
Sponsor. The verba) notice will be followed with a written amendment as soon as
possible. In this case, the effected date ofthe 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 ~ill be adjusted for individual weights and the
purity of the analytical standard. No adjustment will be made for residue analysis
method recovery (bias). The concentration ofdipbacinone residue will be reported as the
weight percent. All evaluations will include an evaluation of the limit ofdetection and
limit ofquantitation for the analysis method. All calculations and statistical methods will
be detailed in the final report.

detennine 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.

STATISTICAL 11ETHODS

00005

00005

tit
tit
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
e



GLPSTATE:NIENf

SAFETY AND HEALTH

FINAL REPORT

F. A description oftbe methods used.
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B. Objectives and procedures stated in the approved protocol, including any changes
to the original protocol.

A. Name and address ofthe facilityperfonning the study and the dates on which the
study was in initiate~ completed, terminated, or discontinued.

D. The test, contro4 and reference substances identified by name, chemical abstract
service (CAS) number, code number, strength, purity, and composition or other
appropriate characteristics.

C. Statistical methods employed for analyzing data.
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E. Stability and, when relevant to the conduct ofthe study, the solubility ofthe test,
control, and reference substances under the conditions ofadministra,ion.

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 ReguJations ofGood
Laboratory Practice Standards 40 CFR 160, set forth in the Genesis Laboratories
Standard Operating Procedures. These SOPS are available for inspection.

QUALITY ASSURANCE

The Study Director at the conclusion ofthe analysis will prepare a draft report. After
receipt of the Sponsor's comments, a final report will be prepared by the Study Director.
'Ibe reportwill include, but not necessarily be limited to, the following.

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.
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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.

A confidentiality statement worded by and to be signed by the Sponsor.
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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 will also
be reported.

The signed and dated reports ofeach of the individual scientist or other
professionals involved in the study, including each person who, at the request or
direction of the 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.

All deviations from the protocol.

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

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

o.

M.

L.

N.

J.
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Date

~j;J't/®__
Date

31z~J

Form SI-3A 11/01196

1f~ 12 ~.s.:=5h,,---'/-+---~_
Sponsor/SponsorRepresen~

SPONSOR/SPONSOR REPRESENTATIV~RMED:By: vi..g.- Date:~
Method: cYerbaltwrittenlFaxIE-maiV __._ ". _

EFFECT OF THE AMENDMENT
None.

REASON FOR THE AMENDMENT
Ronald J. Harkrader resigned in March.
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AMENDI\.ffiNT
The Protocol lists Ronald 1. 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

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

STUDY NUMBER
00005

5.

7.

6.

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. Fuhrman has left Genesis Laboratories, Inc. Jeff J. Mach will be the
new Study Director as of September 19, 2000.

3. 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, Hawaii 96718
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SI-3A 11/01196

Date 5/'/1>1
Date )/1/1
Date 5/7/6/
Date YA

Date
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VerballWrittenIFaxlE-mail

Ms. Fuhrman has resigned.

None.

8. Approval of Amendment #/'-~ 1f,7fcn.

7. Sponsor/Sponsor Representative Informed

by

Protocol Amendment #2

Genesis Laboratories, Inc.

6. Effect of Amendment

4. Amendment

5. Reason for Amendment

Genesis Laboratories. Jne.

1. Study Number 00005

00005
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The method that is described in the protocol did not perfonn to the level that we required.
Therefore, another method was validated to conducl the analysis.

7. APPROVALOFDEVTATJON
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Fonn SI-3.0lR 5JI6IOJ

I

Date

Date

Date

Date

List section (s) affected: Concentration
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U.S.G.S. Biological Resources Division
Pacific Island Ecosystem Research Center
Kilauea Field Station
P.O. Box 44lBldg. 344
Hawaii Volcanoes National Park. Hawaii 96718

PROTOCOL DEVIATION #1

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

00005

Genesis Laboratories, Inc.

No effect.

The extraction method was not conducted according to the protocol.

IACUC Representative

6. EFFECT OF THE DEVIATION

5. REASON FOR THE DEVIATION

4. DEVIATION FROM THE PROTOCOL
Verification

3. ·SPONSOR

Genesis Laboratories, Inc.

2. STUDY TITLE

1. STUDY NUMBER

00005



6. Effed of the Deviation:

5. Reason for the Deviation:

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

!; jerh
Date { I

Date
Ylq/o~

";f-{rrl~.,-
Date

7
!

Date

USGS Biological Resources Division Pacifie Island
Ecosystem Research Center Kilauea Field Station

Charlotte M. Forbes

Section affected: TEST SUBSTANCE DESCRIPTION

PROTOCOL DEVIATION

NUMBER _2=--_

Genesis Laboratories, Inc.

Company:

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

Contact:

Since the study continued for 2 years. fresh bait was needed.
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Deviation from the Protocol:

Study Title:

No adverse effect, because the main part ofthe analyzed tcst substance belonged to the
same lot.

The provided test substance was not from the same lot. The first shipment (01126/00)
was from the lot # 125128; all three next shipments were from the lot # 144548.

Genesis Management

(/Jv,~

IACUC Representa

Study Number:

Study rreetor

~Q(ii£b=e

Sponsor:

2.

Genesis Laboratories, Inc.

4.

3.

1.
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APPENDIX II

RAW DATA SUMMARIES
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DETERMINATION OF DIPHACINONE IN LIVER

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

Page 155 of 191

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 550/0 acetonitrile with 450/0 aqueous tetrabutylarnmoniurn
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.

Page 24 of31Genesis Laboratories, Inc.00005

a e IpJ cmone oncen ratIon e catIon
Test

Date of Diphacinone Concentration
Mean Diphacinone Recovery,

Substance JD / Concentration ± Std. CV,%
Lot Number

Analysis per Extracted Sample, ppm Dev., ppm
%

00-TS-02/ 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-01 /

01/16/02 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

DIPHACINONE CONCENTRATION VERIFICATION IN BAIT

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 ± 0.1 gram. 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 15 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, 5J.lID particle size). A Rheodyne Prefilter with a 10 J.lrn
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).
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approximately 3 minutes at ambient temperature. An aliquot of each sample was filtered through a
0.20 urn syringe fIlter into an HPLC vial.

ND = Not Detected
1 _ according to the chain of custody forms; 2 - two replicate injections of the same sample were done
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a e esu so e a Iver lyses

Date Animal Genesis
Liver Diphacinone

Received Number1 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 0.06,0.11
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, 1.27 2

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-02B 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

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)

T bl 2 R It fth Anim I L· Anal
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REPRESENTATIVE CHROMATOGRAMS
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Representative Chromatogram ofDiphacinone Analytical Standard for the Bait Analysis
(11.8 IlglmL)

ER 0
DATA SAVED TO BIN I 4

00005-BAIT/VM 92/04/02 12:40:25 CH= -A- PS= 1 •

FILE 1 . METHOD 0. RUN 4 INDEX 4 BIN 4

PEAK' AREAi': RT AREA BC

100. 5.18 792567 41

TOTAL 100. 702567

00005 Genesis Laboratories, Inc.

Appendix III-a

CHANNEL A INJECT 92/04/92 12:4e:25 STORED TO BIN I 4
1 44.1(19

Diphacinone
5.18
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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
'I 64 JIJ$ 3D

--:~:::m3F~W-----""."S~.1"76-Diphacinone

ER 0
DATA SAVED TO BIN I 8

0000S-BAIl/UM 02104/02 14:08:55 CH= -A- PS= t .

FILE t . METHOD 0. RUN 8 JNDEX 8 BIN 8

PEAK' AREAY. RT AREA BC

t 7.3 4.39 27087 41
2 1t .27S 4.88 41834 42
,3 81 .425 5.16 302127 43

TOTAL 100. 3710-48
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Representative Chromatogram ofDiphacinone Analytical Standard for the Liver Analysis
(0.59 ~gJmL)
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BIN ..

CH= -A- PS= t.

INDEX ..

Page 160 of 191

336Z6 41

336Z6

a1/18/82 11:48:17

Diphacinone

RUN 4

AREA Be

Appendix III-c

RT

5.39

Genesis Laboratories, Inc.

5.39

"ETHOD 9.

109.

199.

AREA:'.

I 1

TOTAL

ER 0
DATA SAVED TO BIN' 4

FILE 1.

PEAK.

CHANNEL A INJECT 01/18/92 11: -48: 17 STORED TO BIN' ...1 180

09985-L1 VERlVM

00005



Representative Chromatogram ofthe Liver Where No Diphacinone Was Found
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00005 Genesis Laboratories, Inc.

Appendix III-d

CHANNEL A INJECT 0t/18/ez tZ:33:34 STORED TO BIN I a
asr.m0

...---- Diphacinone

ER 0
DATA SAVED TO BIN I 8

NO DATA. CHANNEL A
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Genesis Laboratories, Inc.

Appendix III-e

Representative Chromatogram of the Liver With a Presence ofDiphacinone
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Diphacinonc

Page 162 of 191

5.42 .......1----

CHANNEL A INJECT 01/18/02 13: 19:34 STORED TO BIN' 12
4 n lie

ER 0
DATA SAVED TO BIN' 11

09Qg5-LIVER/VM 91/18/12 la:19:34 CH= -Pt- PS:: L

FILE t . METHOD 0. RUN 11 INDEX 11 BIN 11

PEAK. AREAX RT AREABC

t 22.134 4.55 7459 41
Z 77.866 5.42 26240 41

TOTAL t99. 33699

00005
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Appendix 18. Flow rate of Ramik® Green bait through the helicopter bait bucket. '.

Objective
To determine the appropriate size of opening in the bottom of the helicopter bait bucket to
deliver the required flow rate ofRamik® Green baits.

Background
The required flow rate of baits (kg/s) through the helicopter bait bucket was estimated from the
required application rate of baits on the ground (11.25 kg/ha), the helicopter speed (30.833 mls),
and the swathe width ofbaits (96.4 m) applied by the helicopter bait bucket (see Appendix 19).

Required flow rate = 11.25 kg/ha x 30.833 mls x 96.4 m / 10,000 m2

= 3.34 kg/so

The size of opening in the bottom of the helicopter bait bucket required to deliver this flow rate
was determined from a flow rate trial.

Methods
The bait bucket was suspended above the ground and loaded with 68 kg of Ramik® Green bait.
The gate in the bottom of the bucket was then opened, the agitator started, and the time taken for
the bait to pass out of the bucket was recorded. This was repeated with different sized openings,
created by inserting different sized plastic and wooden rings in the bottom of the bucket. Only
five plastic rings (90, 94, 98, 102, and 106 mm internal diameter) were supplied with the bucket.
These were tested first. When these proved too small, additional rings were made, initially
temporary wooden rings (120, 124, 126, 128, 130, and 143 mm) and then more permanent plastic
rings (116, 120, 124, and 143 rom), and these were then tested.

Results
The bait flow rate was linearly related to the size of opening in the bottom of the bait bucket
(Fig. AI8).

Conclusions
Based on the linear regression, the plastic ring size that gave the flow rate closest to the desired
flow rate was 125 rom internal diameter (3.35 kg/s). However, this size ring was not available.
The closest plastic ring available was 124 rom internal diameter (3.27 kg/s), equivalent to 11
kg/ha, slightly less than wanted. This ring was available only for the second toxic bait
application.

Based on the linear regression, the wooden ring size that gave the flow rate closest to the desired
flow rate was 130 rom internal diameter (3.34 kg/s). However, the 130 rom ring tested had a
flow rate of 3.62 kg/so Consequently, the 128 mm wooden ring (which had a flow rate of 3.56
kg/s) was recommended for the first toxic bait application because, of the rings available, its
flow rate was closest to the desired flow rate. The flow rate of baits was slightly slower through
wooden rings than through plastic rings of the same size, probably because the wooden rings had
square, rough edges whereas the plastic rings had rounded, smooth edges.
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Fig. Al8 (b). Flow rate ofbaits through wooden rings of different internal diameter
(with linear regression line fitted through data points)

Fig. Al8 (a). Flow rate ofbaits through plastic rings of different internal diameter
(with linear regression line fitted through data points)
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Appendix 19. Swathe width of Ramik® Green bait applied by the helicopter bait bucket.

Objective
To determine the swathe width of Ramik® Green bait applied by the helicopter bait bucket.

Background
It was necessary to determine the swathe width of Ramik® Green bait applied by the helicopter
bait bucket to be able to calculate the number of helicopter flights (swathes of bait) required to
cover the treatment area.

Methods
The swathe width was determined from a trial aerial application of placebo Ramik® Green bait
over short pasture on Keauhou Ranch, at a similar altitude to Kipuka Ki, on 20 October 2001.
The placebo bait was supposed to be the same flavor, color, size, and formulation as the toxic
bait, but without diphacinone. The weight, length, and width of a random sample of 60 placebo
and 60 toxic baits was measured before application. The short pasture meant that there was a
good chance that all baits would be found after application. The size distribution of placebo
baits collected after application was compared to that before application (Appendix 20).

The bait was applied from a Lakeland Helicopters bait bucket slung under a Hughes 500D
helicopter. The plastic rings supplied with the bucket were considered too small, so a wooden
ring was made and inserted into the socket in the bottom of the bait bucket to provide an opening
of 143 mm diameter. The helicopter applied a single swathe of baits approximately 500 m long.
The swathe width was determined as follows. The outermost baits along the sides of the swathe
were marked with colored wire flags for the full length of the swathe. Two parallel lines of hip­
chain were then run along the two sides of the swathe so that all baits were within the boundary.
The distance between these two lines was the maximum swathe width. Three randomly located
10-m-wide strip transects were marked at right angles across the swathe. Seven people walked
side by side along each strip transect counting and collecting all baits (including pieces of baits)
in 2.5-m intervals. The number and weight of baits per ha for each 2.5-m interval (25 m2

) was
calculated. Thus, the swathe width that delivered bait at 11.25 kg/ha could be calculated to the
nearest 2.5 m.

Results
The maximum swathe width was 117.5 m, but the bait density across the swathe varied
(Fig. A19). No baits were found in the three outermost 2.5 m sectors on one side of all three
randomly selected transects, so the swathe width for these transects was only 110m. Even then,
the bait density in the outer sectors of these transects was well below the 11.25 kg/ha required.
Because of the sharp drop off in bait density at the edges of the swathe, the effective swathe
width was estimated to be between 95 and 97.5 m.

The mean weight of bait collected across the swathe was 1.18 kg, equivalent to a bait application
rate of 10.0 kg/ha for a 117.5-m-wide swathe, and 11.20 kg/ha for a 110-m-wide swathe. The
bait application rate was calculated as 12.41 kglha for a 97.5-m-wide swathe, and 12.56 kglha for
a 95-m-wide swathe. The placebo baits were significantly lighter (by more than 1 g), shorter,
and fatter than the toxic baits (Table A19).
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Fig. A19. Distribution ofbaits in 2.5-m intervals across the swathe from the helicopter bait
bucket.

Table A19. Mean (and standard error) of the weights, lengths, and diameters of Ramik® Green
and placebo baits used in the aerial broadcast trials (with degrees of freedom, F and P values
from an analysis of variance).
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The mean application rate of approximately 12.5 kg/ha estimated for a 96.4-m swathe is slightly
higher than the 11.25 kg/ha required. Thus, the size of opening in the bottom of the bait bucket
should be less than 143 mm diameter used in this trial. The effect of the size difference between
placebo and Ramik® Green baits on swathe width and application rate is unknown, but likely to
be minor.

Conclusions
The results indicated that seven helicopter flights would be required to cover the 675-m-wide
treatment area. With this number of flights, the average swathe width would be 96.4 m (675 m /
7 flights = 96.4 m), within the effective range of 95-97.5 m. This means there would be some
overlap of baits applied on each swathe, but this should not matter because the bait density at the
edges of each swathe was lower than required.

Bait type Weight (g) Length (mm) Diameter (mm)
n Mean (8E) Mean (8E) Mean (8E)

Ramik Green® 60 6.29 (0.06) 23.0 (0.24) 20.5 (0.19)
Placebo 60 5.11 (0.07) 19.9 (0.31) 21.6 (0.11)
Degrees of freedom 1,118 1,82 1,82
Fvalue 142.5 56.1 11.9
Pvalue <0.001 <0.001 0.001
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Appendix 20. Bait size before and after application by the helicopter bait bucket.

*Restricted to baits weighing >1 g (baits weighing <1 g comprised 0.7% of the weight before
and 0.8% of the weight after application).

Table A20. Mean (and standard error) of the weights of placebo baits* before and after
application through the helicopter bait bucket used in the aerial broadcast trial, Hawaii
Volcanoes National Park, October 2001.

33.8
1,1254
<0.001

Weight (g)
n Mean (SE)

570 5.16 (0.02)
686 4.93 (0.03)

Before application
After application
Fvalue
Degrees of freedom
Pvalue

Bait type

Results
The mean weight of individual placebo Ramik® Green baits more than 1 g.was significantly
lighter after the bait had been applied through the helicopter bait bucket than before (Table A20).
Some baits were found that had been broken upon impact with rocks or logs on the ground.
However, although there appeared to be more baits in the 4.0-4.9 g size class and fewer in the
5.0-5.9 g size class after bait application than before bait application, perhaps as a result of
breakage (Fig. A20), the difference was not statistically significant (F = 1.124, df = 6,28,
P = 0.374).

Methods
The average weight of 686 placebo Ramik® Green baits collected from three random transects
across a swathe of baits after bait application (Appendix 19) was compared with the average
weight of 570 placebo Ramik® Green baits collected randomly from the boxes of baits before
application. The comparison was restricted to baits weighing more than 1 g.

Background
The size distribution of placebo Ramik® Green baits was measured before and after application
to determine whether there was any significant bait breakage as a result ofbeing applied from the
helicopter bait bucket.

Objective
To determine the size distribution of placebo Ramik® Green baits before and after application by
the helicopter bait bucket.

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



Fig. A20. Percentage (and standard error) of placebo baits in different weight classes before and
after application through the helicopter bait bucket.

Conclusions
Aerial application of baits resulted in some baits being broken upon impact with the ground, but
this did not have a significant impact upon the size distribution ofbaits.

e
e
e--e
e
e
•e
e
e
e
e
e
e--e
e
e
e
e
e­e­e
e
e
e•--e
e
e
e
e
e
e
e
e..

5.0- >6.0
5.9

4.0­
4.9

3.0­
3.9

2.0­
2.9

Weight class (g)

1.0­
1.9

D Before application

I D After application

<0.9

Page 168 of 191

tn 800/0
~ 700/0
~ 60%
-§, 50%--; 40%

_= 300/0
tn 200/0

:t:::
~ 100/0
?fl. 00/0



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

Appendix 21. Accuracy of aerial application of toxic bait in the treatment plot.

Objective
To determine the accuracy of aerial application of toxic bait in the treatment plot.

Background
The protocol stated that the rate of bait application in the 45.56-ha treatment plot would be 22.5
kg/ha. This implies that (a) the total amount of bait applied would be 1025 kg (i.e., 45.56 ha x

22.5 kg/ha), (b) the bait would be applied to the treatnlent plot (not outside it), and (c) the bait
would be evenly spread within the treatment plot.

Methods
Amount of bait. The amount of bait applied to the treatment plot was determined by recording
the weight of bait loaded into the helicopter bait bucket and the weight of bait left after bait
application.

Area covered by bait. Observers, carrying a compass and hand-help GPS (Garmin), walked
along the outside edges of the treatment plot at the end of the helicopter flight paths on
25 October after the first bait application and again on 30 October after the second bait
application, and searched for baits outside the treatment plot. The area covered by any bait
found outside the treatment plot was mapped.

Distribution ofbait within the treatment plot. Observers walked along the 12 transect lines in the
central monitoring area of the treatment plot on 25 October after the first bait application and
again on 30 October after the second bait application, searching for baits 1.5 m either side of the
transect lines. Thus, the transects were strips 275 m long by 3 m wide (825 m2

). The number of
baits found in 2.5-m intervals along the transects were recorded. There were 110 such plots on
each transect, for a total of 1320 plots (measuring 2.5 m x 3 m), but 9 plots on 25 October and 10
plots on 30 October were not searched because of the dense growth ofblackberry.

Results

Amount of bait. A total of 635 kg (1400 lb) of bait was applied on 25 October, and 481 kg
(1061 lb) on 30 October, for a grand total of 1116 kg (2461 lb) (Appendix 16). Not all of the
bait applied on 25 October was applied to the treatment plot (see Appendix 12, Deviation No.3).
The rate of application within the treatment plot was estimated as 11.83 kg/ha (10.51 lb/acre)
on 25 October, and 10.56 kg/ha (9.39 lb/acre) on 30 October, for a total of 22.39 kg/ha
(19.90Ib/acre).

Area covered by bait. Baits were found at the end of the helicopter flight paths up to 30 m
outside the treatment plot on 25 October, and up to 80 m outside the treatment plot on
30 October.
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Distribution of bait within the treatment plot. Baits were found on 45.4% of the 1320 plots
(2.5 m x 3.0 m) in the treatment plot searched on 25 October after the first bait application
(Fig. A21a). The average bait density within these plots was 858 baits/ha, which is 45.8% of the
expected 1875 baits/ha.

Baits were found on 37.7% of the plots searched on 30 October after the second bait application
(Fig. A21b). The average bait density was 695 baits/ha, which is 37.10/0 of the expected 1875
baits/ha. In addition, 746 baits/ha, or 87% of the baits from the first bait application were found.
(In contrast, only 40% of 20 baits monitored for bait disappearance were found on 30 October ­
see Results, Section C). Baits from the first application were easier to find than baits from the
second application because they had swollen (from absorption of moisture), and were therefore
larger, and they had changed to a brighter green color, which contrasted more with the
background vegetation.

Conclusions
The total amount of bait applied (1116 kg or 2461 lb) was more than planned (1025 kg or
2252Ib), but still below the permitted level (1361 kg or 3000Ib). The reason for the greater
amount of bait being applied on 25 October was because some bait was applied outside the
treatment plot, though still within Kipuka Ki (see Appendix 12, Deviation No.3).

The finding of baits outside the treatment plot at the end of the helicopter flight paths illustrates
the difficulty that the pilot faces deciding when to close the gate in the bottom of the bait bucket.
If the gate is closed when the helicopter is directly over the boundary, it is likely that bait will be
spread outside the boundary as a result of forward momentum. The only solution is to stop
applying bait before the helicopter reaches the boundary, leaving a strip around the inside of the
boundary without bait, and then to apply bait to that strip by flying parallel to the boundary using
differential GPS.

There were no large gaps in the distribution of baits found within the treatment plot (i.e., the bait
distribution was relatively even). The percentage of the area covered by baits was less than 50%,
but this is likely to be underestimated because less than 50% of the baits were found. The ability
to find baits was affected by the density of the ground vegetation.
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e
e
e
e Fig. A21a. Distribution of baits found in the treatment plot on 25 October 2001, after the firste aerial bait application (number ofbaits per 2.5 m x 3.0 m area).e- Distance (m) Transect A B C D E F G H I J K L

2.5 1 0 0 0 1 0 0 1 1 0 1 1e 5 0 0 0 3 1 1 0 0 0 0 0 0
7.5 1 0 0 0 0 0 0 0 1 1 0 1e 10 0 0 0 0 0 1 0 0 0 0 0 1

e 12.5 0 0 0 1 0 0 0 0 1 0 0 2
15 0 0 0 0 1 0 0 0 1 1 0 1e 17.5 0 0 0 2 1 0 0 0 0 0 0 0
20 1 0 0 0 1 0 1 0 0 0 0 1e 22.5 0 0 0 0 0 0 1 0 1 0 0 1

e 25 0 0 0 0 0 0 0 0 0 0 1 0
27.5 1 0 1 1 0 0 1 0 1 0 0 0e 30 1 1 1 0 0 0 0 0 0 0 1 0

e 32.5 0 0 0 0 0 1 0 1 0 1 0 0
35 2 0 0 0 0 0 0 0 0 1 0 0

e 37.5 1 2 1 1 1 0 1 0 0 0 2 1
40 1 1 1 0 0 0 0 0 0 1 1 1e 42.5 0 0 0 1 0 0 1 0 1 0 1 0
45 0 1 2 1 0 0 1 0 0 1 1 0- 47.5 1 0 0 0 1 0 0 0 2 1 1 2

e 50 2 0 0 1 1 0 2 1 1 0 2 0
52.5 0 1 0 0 0 0 0 0 0 0 3 0e 55 0 0 0 0 0 0 1 1 0 0 0 0
57.5 0 0 0 0 0 0 1 0 0 0 1 2- 60 0 0 0 0 1 0 1 1 1 0 1 0

e' 62.5 0 0 1 0 2 2 1 0 0 1 1 0
65 0 0 0 0 1 0 0 0 0 1 2 2e 67.5 0 0 0 0 1 0 0 0 0 2 1- 70 0 0 0 0 1 0 2 0 0 3 1

72.5 1 0 0 0 1 0 1 0 1 2 2

e 75 0 0 0 0 0 0 0 0 0 1 2 0
77.5 0 0 1 0 0 0 0 1 1 1 1 1e: 80 1 1 0 0 1 0 1 1 2 0 0 0
82.5 1 0 0 0 2 0 0 0 0 2 1 0e 85 0 0 0 0 2 0 0 0 1 0 0 0

e 87.5 2 2 0 0 0 0 0 1 1 0 1 1
90 4 2 0 0 0 0 0 1 0 0 1 0e 92.5 1 0 0 0 0 0 0 1 1 0 1

e 95 2 0 0 6 1 1 0 1 1 0 0
97.5 1 1 0 0 0 2 0 0 0 0 1

e 100 1 0 0 1 1 0 0 0 0 0 0 0
102.5 0 2 0 1 0 0 1 0 2 0 0 1e 105 1 0 0 1 0 0 2 0 0 0 1

e 107.5 0 0 0 0 0 0 0 1 0 0 1
110 0 0 2 0 0 0 1 1 0 0 1- 112.5 1 0 0 1 0 0 0 1 0 0 0 0
115 2 0 1 1 0 0 1 0 0 0 0 3e 117.5 0 0 0 0 0 0 0 1 0 0 0 1

e 120 0 0 0 0 0 1 1 0 0 0 0 1
122.5 2 0 0 1 0 0 1 0 0 0 1 0

e 125 1 0 0 0 0 2 2 0 0 0 0 0
127.5 0 0 0 0 0 0 1 0 0 1 3 0e 130 0 0 1 I 0 0 0 0 0 0 1 1

It
132.5 0 0 0 0 0 0 1 0 1 0 1 0

135 1 0 1 0 0 1 2 1 0 0 0 0

e 137.5 1 I 2 1 1 1 1 1 0 1 1 0

e
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140 0 0 0 0 0 0 0 1 0 0 0 0 e
142.5 I 0 0 0 0 0 1 1 0 0 1 1 e

145 0 0 0 0 0 0 0 2 0 0 I 1 e147.5 I 0 0 0 0 0 0 2 1 0 0 1
150 0 0 0 0 0 0 0 2 0 0 0 0 e152.5 0 0 0 1 0 0 1 I I 1 I 1
155 3 1 0 0 1 0 1 0 0 0 0 0 e

157.5 0 0 0 0 0 1 1 2 0 0 0 0 e160 0 0 0 0 0 0 1 0 0 0 0 I
162.5 0 1 0 0 1 I I I 0 0 1 0 e165 0 0 1 0 0 1 0 2 0 0 0 0
167.5 I 0 1 0 0 0 0 0 0 0 I 0 e

170 I 0 2 0 0 1 0 3 0 0 0 2 e172.5 0 0 2 I 0 0 I 1 0 0 1 1
175 0 2 0 0 0 I I I 0 1 0 I e177.5 1 0 0 I 0 0 2 2 I 0 0 2
180 1 1 3 I 2 1 0 3 0 0 1 2 e

182.5 2 1 0 0 0 1 1 2 1 0 2 I e185 3 0 0 0 0 0 0 2 2 1 I 3
187.5 2 4 0 2 I 0 0 1 1 0 0 2 e190 2 1 1 I 0 0 0 0 2 1 1 0
192.5 2 1 1 3 0 0 1 3 0 1 1 3 e

195 I 1 2 0 1 0 1 2 0 1 2 4 e197.5 3 0 1 0 2 0 1 2 2 0 2 4
200 a 2 0 1 1 0 1 2 1 1 3 I e202.5 4 0 0 0 0 0 0 2 1 0 4 4
205 I I 0 0 0 0 I 1 I I 2 3 -207.5 0 0 0 I 0 0 0 2 0 I 0 3 e210 I 2 0 0 I 1 0 0 0 1 4 2

212.5 1 2 0 0 0 I 1 0 I 2 3 1 ,e
215 0 0 0 0 0 0 0 1 0 0 4 2

217.5 0 I 0 0 1 0 1 I 1 3 5 0 e
220 0 0 0 0 I 1 0 2 0 2 2 0 e222.5 I 0 0 0 0 0 0 I 0 1 3 1
225 0 0 0 0 I 0 1 1 0 I 1 2 e227.5 0 0 1 0 0 1 1 1 0 1 3 0

~-~-~.230 1 1 1 1 1 1 3 I 0 1 3 2
232.5 1 2 1 0 1 1 2 2 I 0 1 1 e235 1 0 0 I 2 I 2 1 1 1 3 0
237.5 0 2 0 1 0 I 1 2 2 2 I 1 e240 1 0 0 3 1 0 2 1 1 1 2 1
242.5 1 0 2 0 0 0 3 1 2 I 1 0 -245 0 1 1 2 1 I 1 2 3 0 2 0 e247.5 3 2 1 0 1 1 3 2 0 1 1 2

250 1 2 4 2 1 1 3 2 I I 0 0 e252.5 1 0 I 0 3 0 I 0 I I 0 I e255 1 0 2 3 3 0 1 0 1 2 0 2
257.5 0 0 0 0 1 0 1 1 1 2 0 1 e260 1 0 1 0 2 2 1 0 2 1 0 3
262.5 1 1 1 0 1 0 1 1 I 0 1 3 e265 0 1 1 1 0 0 1 I 1 2 2 1
267.5 0 2 2 2 I 0 0 1 0 0 3 1 e

270 0 I 0 0 1 1 1 0 1 3 1 I e272.5 2 0 1 I 1 0 1 I 1 0 0 2
275 4 1 I 4 I 1 2 4 3 0 3 2 e

Blank spaces indicate plots not able to be inspected (because of dense blackberry). e
e
e
e
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e
e
e
e Fig. A2th. Distribution of new baits found in the treatment plot on 30 October 2001, after thee second aerial bait application (nuITlber ofbaits per 2.5 m x 3.0 m area).e
e Distance (m) Transect A B C D E F G H I J K L

2.5 3 0 2 1 4 1 0 0 0 0 1 1

e 5 3 0 0 0 I 0 0 0 2 0 2 1
7.5 1 1 0 0 3 1 1 0 0 0 0 ]

It 10 4 0 0 0 3 0 0 0 0 0 0 1

e 12.5 2 0 1 0 4 0 0 0 1 0 1 0
15 0 0 0 0 1 1 0 0 0 0 0 1

e 17.5 1 0 1 1 0 1 0 1 0 0 0 1
20 1 0 0 1 2 1 0 0 0 0 0 0

tit 22.5 1 0 0 0 0 1 0 1 0 1 0 0

e 25 I I 0 0 0 0 0 0 0 0 0 0
27.5 1 0 2 2 0 0 0 1 0 0 0 1e 30 0 0 0 1 0 0 0 2 0 I I 0
32.5 0 0 0 0 2 0 0 0 1 0 0 0e 35 0 0 0 0 0 0 0 0 0 0 0 0

e 37.5 0 0 0 0 1 1 0 0 0 0 1 0
40 0 0 0 1 1 0 0 0 1 0 0 0e 42.5 0 0 0 1 0 0 0 0 0 0 1 I
45 0 0 0 1 0 1 0 0 0 0 0 0e 47.5 1 I 0 0 0 0 0 1 0 0 1 0

e 50 0 0 0 1 0 1 0 0 0 0 0 0
52.5 0 0 0 0 3 0 0 0 0 0 1 1e 55 0 0 0 0 1 0 1 0 0 0 0 0
57.5 0 0 0 0 0 0 0 1 0 0 1 0e 60 I 0 0 0 0 0 1 0 1 0 0 0

e 62.5 1 0 0 0 0 0 1 I 0 0 3 0
65 0 0 0 0 0 I 0 0 0 0 2 1- 67.5 0 0 0 0 0 I 0 0 0 I I
70 0 0 0 0 0 1 0 0 0 0 Ie 72.5 0 1 0 0 0 1 0 1 0 2 1

e 75 1 0 0 1 1 3 1 1 0 0 2 1
77.5 1 0 2 1 0 1 0 1 3 0 3 0e 80 I 0 0 0 0 1 3 0 2 1 1 1
82.5 0 0 0 0 3 1 1 0 0 0 1 1e 85 1 0 0 2 0 1 0 0 2 0 1 2

It 87.5 1 1 1 2 0 1 1 2 0 0 0 0
90 1 0 3 2 6 2 1 1 0 0 0 0e 92.5 1 1 1 5 3 2 1 1 2 2 0
95 0 1 0 1 4 2 1 1 0 0 0e 97.5 1 0 1 2 4 2 0 0 0 2 2

e 100 1 0 1 2 1 1 0 1 0 0 0 0
102.5 0 1 0 2 2 0 0 0 0 1 0 0e 105 0 0 0 0 0 0 0 0 0 0 0
107.5 0 0 0 0 2 0 0 1 0 2 0e 110 0 0 0 1 0 0 0 1 0 0 1- 112.5 1 0 0 0 0 0 1 0 0 0 0

115 1 0 0 0 0 0 1 0 0 0 0 0e 117.5 ] 0 0 1 0 0 1 0 0 1 0 1

e 120 0 0 1 0 0 0 0 1 0 0 0 0
122.5 1 1 2 0 0 0 0 1 0 0 1 0

e 125 0 0 0 0 1 0 0 0 0 0 0 0
127.5 0 0 0 0 0 0 0 2 0 2 1 0e 130 0 0 0 0 0 0 0 1 0 0 0 0

e 132.5 0 0 0 1 1 1 0 1 0 0 0 0
135 0 0 0 0 0 1 0 0 0 0 0 0- 137.5 0 0 0 0 2 0 1 1 1 2 1 0

e
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140 1 0 0 0 0 0 0 2 0 1 0 0 e
142.5 0 0 0 0 1 1 0 1 0 0 1 0 e145 0 0 0 0 1 0 0 1 0 0 1 0 -147.5 0 0 0 0 0 1 0 1 I 0 0 0

150 0 0 1 0 0 0 0 1 0 0 0 1 e152.5 0 0 0 0 0 0 0 1 0 0 0 1
155 1 0 0 0 0 0 0 0 1 0 1 0 e157.5 0 0 0 0 0 0 1 0 0 1 0 0 e160 1 0 0 0 1 0 1 0 1 0 2 1

162.5 0 0 0 0 2 0 1 0 0 2 2 3 e165 0 0 1 I 1 0 1 0 1 0 0 2
167.5 0 0 0 0 0 0 1 0 1 1 0 0 e

170 0 0 0 1 0 0 0 0 0 1 1 1 e172.5 0 0 0 1 0 0 1 1 2 1 2 1
175 1 0 0 0 0 0 0 0 0 1 2 1 e177.5 1 0 1 0 0 0 1 0 3 0 2 3
180 0 0 0 1 3 2 0 0 0 0 1 1 e

182.5 I 0 1 0 0 3 0 0 0 2 1 3 e185 1 0 0 0 0 1 2 0 0 1 1 5
187.5 0 0 0 0 0 1 0 0 0 0 0 4 e190 0 0 1 0 0 1 0 1 0 1 0 0
192.5 0 0 0 1 1 2 1 0 2 0 1 0 e

195 0 0 0 0 0 0 1 1 0 2 0 1 e197.5 1 0 0 0 0 1 1 0 1 0 2 1
200 0 0 0 1 1 0 1 0 0 0 0 1 -202.5 0 0 0 0 0 2 0 0 2 1 1 1
205 0 0 1 0 0 2 0 1 0 0 0 1 e

207.5 2 1 2 0 1 0 0 1 1 0 0 1 e210 1 0 0 0 0 I 0 0 0 1 0 0
212.5 1 1 0 0 0 0 0 0 0 2 0 0 e215 0 0 0 2 0 2 2 1 1 1 0 0
217.5 0 0 0 1 1 0 0 1 0 1 0 0 e

220 0 2 0 0 0 2 0 0 0 0 0 0 e222.5 0 1 0 0 0 1 0 0 0 0 1 0
225 0 0 0 2 1 0 0 0 0 0 0 0 -227.5 1 0 0 0 1 1 1 0 1 0 0 0
230 0 0 0 0 1 0 0 0 0 0 0 0 e

232.5 0 0 0 0 2 0 0 0 1 0 0 0 e235 0 1 1 1 2 0 0 0 0 0 0 0
237.5 1 0 0 0 1 1 0 0 0 0 1 1 e240 2 1 2 1 3 0 0 0 0 1 0 0
242.5 1 1 0 0 1 0 1 0 0 0 0 1 e

245 0 0 0 0 1 1 0 1 1 0 0 1 e247.5 0 1 0 1 0 0 0 1 1 0 1 0
250 1 0 1 0 1 2 1 1 0 0 0 0 e252.5 2 0 0 1 0 0 1 0 0 0 1 2
255 0 0 0 1 1 2 1 0 0 0 1 0 e

257.5 0 1 1 0 1 2 0 1 2 0 0 1 e260 1 0 0 1 2 3 1 1 0 1 0 2
262.5 0 2 0 3 2 6 1 1 0 2 1 4 e265 0 1 0 1 2 2 2 0 2 1 1 0
267.5 0 1 1 0 5 2 1 1 0 0 0 1 -270 1 0 0 0 5 0 2 2 2 1 2 2 e272.5 1 1 0 2 2 0 3 1 1 1 3 1

275 1 1 1 3 1 2 2 1 2 1 2 1 e
Blank spaces indica~e plots not able to be inspected (because ofdense blackberry). e
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Appendix 22. Standard Operating Procedures (SOPs).

SOP BRD-04: Live-trapping rats (Rattus spp.).
SOP BRD-09: Handling, weighing, and ear-tagging rats (Rattus spp.) under field conditions.
SOP BRD-l 0: Placing radio-transmitters on rats (Rattus spp.) under field conditions.
SOP BRD-ll: Placing non-toxic census bait blocks in the field to estimate densities of rats
(Rattus spp.).
SOP BRD-12: Evaluation ofrodenticide 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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QA Officer:

Prepared by:

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 cm x 21 cm x 27 cm).

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 of non-target
species. Be sure to leave enough clearance for the trap to close. If practical, 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 ofblack plastic to protect captured animals from exposure to
rain.

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

Date: 14 September 1999
-'-t----'I;----;jI..........-------- ---~-'-----------

Study Director:_~~_----I:..~ D"ate:__..;;;..B-"-+!_'2._S........,....~_o__.3,--- _
, I

~~~~.=:=::......- D.ate:_~<5)~V2----:;6=-'1~Io__J· ?"--- _

Page 176 of 191

e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
tit
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
e
e
•

SOP BRD-09: Handling, weighing, and ear-tagging rats (Rattus spp.) under field conditions.

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.

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 13" x 21 ") 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.

Prepared by: Date: 14 September 1999

Study Director: Date: g /u/o", ,
QA Officer: Date: Ft25/lJ-s
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Prepared by:

SOP BRD-1 0: 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.

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.

Date: 14 September 1999
"="':":~=Ir==:"::":"':-=-t", ------- __;;"""";,,..=....;;.J_L;;.....;..:.=.::.::....:..::.......::...:....:.....:.. _

Study Director:_---+_~___::::==;+_---.,;;.------Date:---$'L-+-I-'Z-=J~J-c-=J------­
1 I

~""""'7_-,lot-.£.o:::.Io.d~~----D.ate:------loo&;yL=f2S/~iZ1-0-)?"---- _
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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 adjacent 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 waterproof marker 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 aninlal activity
(incidents of rat and/or mouse and invertebrate gnawing) in rite-in-the-rain record
sheets for each day.

Prepared by: Date: 3 September 1999

Study Director: Date: $ Iz..r10')
r I

&;/.;2~/o.3QA Officer: Date:
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SOP BRD-12: Evaluation of rodenticide pellets for degradation and disappearance.

1. Purpose

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

2. Baits

Ramik® Green rodenticide pellets (0.005% diphacinone).

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 ofthe pellet. Use a permanent marker to record
the location and pellet number on the wire flag.

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 of pellet 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 of pellet covered with mold.
3.3 Visual percent of surface area calculated as follows:

a) Top surface ofpellet = 25.0%
b) Left side ofpellet = 25.0%
c) Right side ofpellet = 25.0%
d) Each end of pellet = 12.5%

Prepared by: ...;:;G+~--TL...;:;l;,...;·n,,-,-~.,.,se~ ---,Date:_----=3c......;;:;;,.Se..:c.lp;..;t..;;,;err=1=b...;:;er=-::..;19:....:9:....:9 _

Study Director: ~~ Date:.__-=-g+I_'t.....:;.J~j'--~=3 _
I I

QA Officer: ~---:/7".;...r....' ...:>.=..15~ ~---'Date:_......S;'7")<....:'.2:::..·=s:~A--=o3=- _
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SOP BRD-13: Radio-tracking techniques for marked rats (Rattus spp.).

1. Purpose

To standardize methods for radio-tracking ofmarked rats.

2. Radio Equipment

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

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.

3.2 Daytime radio-tracking

a). Identify and locate signal ofradio-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). Determine 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 determine its

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

prepare~ by: ~.L.ind~l: Date: 14 September 1999

Study Dlrector: '.....-~_~"'-"""' ~_l-- Date:__JJ:....-·+-1_'t.-=.I;....,j~~()..:;.,.=..3 _

I •

QA Officer: ~.-L Date:_....:=::E;;.....:;~_<--,/Jl~'O.J' _
;;
v
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Pesola scale

To standardize calibration and use of the Pesola scale.

3. Procedures
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14 September 1999

t"th; jf> 'J
I '

Date:
------'-------''---'------'-------'------'-----

Date:-----t-----'--+--------

Date:---=-'7"-'--"'---=------
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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: ~indp)

Study Director:~..... ~ ....

QA Officer: iffl%?",J;>

2. Equipment

1. Purpose

SOP BRD-14: Calibration and use of the Pesola scale.



3.2 Ramik® Green

3. Procedure

3.3 Metaphane

3.1 Handling ofwild animals may expose persolulel to leptospirosis and Hepatitis E.

14 September 1999

~hs/.;s
I •

&..2s;/o3

Date:---"---'----------

Date:
--~~-I----:;...-------

Date:
------""-+-----r-....;,.".",;;~-----
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2.1 Handling of rats, mice, feral cats, and mongooses.
2.2 Distribution of Ramik® Green rodenticide pellets (0.005% diphacinone).
2.3 Use of Metaphane to anesthetize rats for attaching radio transmitters.

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-10 for placing transmitter on rat.

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

distribute bait pellets.

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).

a). All personnel will read Hawaii Department ofHealth 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.)

Prepared by: G.D~nd~

Study Director: C.....
QAOfficer: ~~

{/

2. Safety concerns

1. Purpose

SOP BRD-15: Personal Protective Equipment for field research studies
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SOP BRD-17: 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 (0.0050/0
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: .~in=. Date:_~8;;......O-=--=-ct.:.....:o-=-b--=-er;;;""",,;,;;19;;...;9;....;;9 _

Study Director:_~-+.",=,~)o.A.._~_...I.....- D.ate:__--=<6:::..-f/~t--'~I-J_o-=:3:::.....- _

QA Officer:~~ Date:_---=g"'"""-~_'.2._:s/......::~;...........;:d3=<:..__ _
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Appendix 23. Timetable ofmonitoring activities.

Timetable of monitoring activities before and after aerial application of Ramik® Green bait,
Hawaii Volcanoes National Park, 25 and 30 October 2001.
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Stage
Before

After 1 month

After 3 months

After 6 months

Dates
2 Oct- 3 Oct
11 Oct - 12 Oct
15 Oct
16 Oct - 19 Oct
22 Oct - 24 Oct
260ct-9Nov
13 Nov
13 Nov-16 Nov
20 Nov - 21 Nov, 29 Nov - 30 Nov
29 Nov - 30 Nov
5 Dec-6 Dec
24 Jan - 25 Jan
6 Feb -7 Feb
11 Feb
12 Feb - 15 Feb
25 Apr - 26 Apr
2May-3 May
7May-l0May
13 May

Activity
Snap-trapping mice
Census bait block monitoring
Search for dead non-target species
Live-trapping
Radio-telemetry
Radio-telemetry
Search for dead non-target species
Live-trapping
Mist-netting and shooting birds
Snap-trapping mice
Census bait block monitoring
Snap-trapping mice
Census bait block monitoring
Search for dead non-target species
Live-trapping
Snap-trapping mice
Census bait block monitoring
Live-trapping
Search for dead non-target species



Appendix 24. Landcare Research toxicology laboratory analysis report.

57 plastic bags were received wi1h samples of liver tissue for analysis. The details were entued into the laboratory
sample system, the samples given a reference and stored at-18Ee prior to analysis. TIle samples were received in
good condition. except (or 4009, 4028 which weee too badly decomposed to anow identification and removal of the
liver. The sample details and results are as foUows:

••••••••••••••••••••••••••••••••••••••••••••

MDL

0.2

0.3
O.j
0.4

0.4
0.3
0.5
0~2

0.4
0.3
0.5

C."tn fe, 1: ir 1 r••h. h,)'
,~ .. ,.. , , , ,.,..

IReport No.: T1764

DipbaciJaoDe. prlc
8.1 .
3.0
0.47
3.6
2.1
4.1
<MDL
0.55
<MOL
<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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DescriptioR
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. black rat
Liver tissue. sample #8. black rat
Liver tissue. sample #11. black raljuvenile
Liver tissue. sample #12, black rat
Liver tissue. sample #JO. JapllDCsc white eye TR16
Liver tissue, sample #13, Japancs:c while eye TR16
Liver tissue, sample #14, Japanese white eye TR16
Liver tissue. sample #111, black rat trl6
Livcr tissue, sample #20, black rat
Livcr tissue. sample #23, black rat
Liver tissue. sample #24. black rat
Liver tissue, sample '1125, black rat
Liver tissue. sample #27, black rat
Liver tissue. sample 1#28, black rat
Liver tissue, sample #1, black rat
Sample #2. black rat
Liver tissue, sample #3. black ral
Liver tissue, sample #4, black rat
Liver tissue. sample #5, blade rat
Liver tissue. sample #6. black rat
Liver tissue, sample #7. JAWE
Liver tissue, sample #9, Lciotluix
Liver tissue, sample #10, Lciothrix .
Livcr tissue, sample #12. Leiothrix
Liver tissue, sample #13, JAWE
Liver tissue, sample #14, Leiotluix
Liver tissue. sample #17, Leiothrix

Lab No.
3984
3985
3986
3987
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

Gerald Street
P.O. Box 69
Lincoln

Ph: +M 3 32S 6700
Fax: +64 3 32S 24J 8

Manaaki Whenua
Landcare Research

CLIENT: Eric Spurr, Landcare Research, Lincoln.
CLIENT'S REFERENCE No.: 4 44 0 09 09 01
SAMPLES: 57 of liver
REQUJREMENT: Examine for diphacinone
RECEIVED: 7 March 2002

SAMPLE DESCRlPTlON AND IDENTlFlCAnON:

This uport ",plaas report T1650 of1.7.02 Dnd iIIcludes additiolUll descriptive wording for t~ client.
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Tisest rDllllS rdale Dnly 'I) Ihe sDmplu as received and tes'ed.. This report ,""y be reproduced infull on/:]. The samples relotinx 10 this report will
be disposed ofofter two monthsfrom the report dote lUIless requuted olkerwise by Ike client. Where appropriate, JIlt above results will be included
in the NatioTllll Vtrtebrate PesHdde DaJabase.

The delermination was carried oul using Landcare Toxicology Laboratory Method TI.M 048, the detamination of
diphacinone in liveI" tissue by HPLC. The method detection limit (MOL) is 0.1 Jlg/g for a 2g sample; variations due to
small sample shown above. The uncertainty of the method (95% c.i.) is ± 48%.

0.3
0.5
0.2
0.2
0.2
0.3
0.2
0.3
0.4

NT
<MDL
<MDL
<MOL
<MDL
<MDL
<MDL (0.26)
0.28
<MDL
<MOL
3.6
1.5
3.7
3.8,7.1
<MOL
1.2,1.5
<MOL
4.5,5.2
3.4
2.1
2.4
3.8
0.42
13
<MDL(0.08)
<MDL

TEST PERIOD: 17/6-l/07/CY2
~~~15.16'18'19

C.D. Radford, O.R.O. Wright.
Approved Signatories
DATE: 11 October 2002

Sample #25A. N Cardinal (M)
Liver tissue, sample #33. Nth Cardmal (F)
Liver tissue, ·sample #34, JAWE
Liver tissue. sample #35, JAWE
Liver tissue, sample #36. Nth Cardinal (M)
Liver tissue, sample #37, Nth Cardinal (F)
Liver tissue, sample #38. Leiothrix
Liver tissue, sample #39, Leiotluix
Liver tissue. sample #40, Leiothrix
Liver tissue. sample #4J,Leiotluix
Liver tissue, sample #38. black rat KI
Liver tissue. sample #49, black rOll

Liver tissue. sample #5J, black rOll

Liver tissue. sample: #52. black rar
Liver tissue, sample #53, black ral
Liver tissue, sample #56, mongoose
Livec tissue. sample #60. black rat
Liver tissue. sample #6i, blackral
Liver tissue, sample #62, black rat
Liver tissue, sample #]9, bouse 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 ki 01131102 kalij &

Liver tissue, sample #32, lower ki ko 2J13/02 & kalij

4028
4029
4030
4031
4032
4033
4034
4035
4036
oW37
4038
4040
4041
4042
4043
4044
4045
4046
4047
4066
4067
4068
4073
4076
4266
4272

NT = not tested.
The results have been adjustedfor method recovery. All TUUm are rep0rte4 to awe si,1'IijietJftIfi8"'"

AUTHORISED BY:

TESTED BY: cdr

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
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.­
tt
e
e
e
•

280

0.000
7.777

•a:::o
I::

"U•~
• Q.

e
D
:E
o

Detector: UV
""avelength, run

operator: cdr
Injection Oate:6/19/02 . 05:14:35 p

Report Date: 6/20/02 .11: 57: 07 a.

Injection Vol.~ lOOuL
Flow rate: 0.0

Start Pressure (bar)': 8.6

0.0000 0.0000 0.0000
242.1292 50.8912 242.1~92

11:"54:17 am

0.5

0.0000
1.0000

AreaRatia
1
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Area Ratio

0.75
0.5

0.25

o l'--.--.....--.--..--T-l

nm

0.0000
0.5000

120

"100

80

60

40

20

0;.------------
-20 -+---.---....,....-_--y--.....--........--r--.,..---..---.-----__-,--........- .....---.----,~----..---.....---_1

rnAU

Mode: Gradient

Coi umn : Luna CB

Method:
c: '\HPCHE.M\l \HETHODS\TOXLAB\OIPH_INT.M

So~vent:
A: Methanol +O.005H 'l'BAP
B: Water + PIC A

Cal.ibration:
Cal..culated on :Area
Calibration created: 10/17/01
Cal. ibration Modified: 6/20/02

1 D.:i.phac:inone
2 Chlorophacinone

Samp1 e: 3991



280

03:39:12 p
00:00:13 p

Heas. R

7.373
7.141

Area

Detector: UV
wavelength, mn

., .,
c c:o D
C c:
U U.. .
s:: .r::.

Injection Vol.: 100uL
Flow rat~: 0.0

Start Pressure (bar): 8.0

Height

Operator: cdr '
Inject~on Date:6/19/02

Report Date: 6/~O/02

540.8987 124.8595 540.8987
459.4013 105.9892 459.4013

00 :.00: 12 pm

Response F Response

0.5
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0_8665'
1.0000

A1eaRario
1

Area Ratio

0.75
0.5

0.25

o1---r-......---.---.--r-I

Amount

1.0202
1.0000

I.Oug Diph OC

Compound Name

120

100

80

fi(J

40

20

0-1-------'-------------------­
-20 -t--.......---.--~'--__._-~------.-__,.____-.....---~--.--~----.--..----~-....,__-...,.......--.---.--__f

mAU

Col urnn: Luna C8

Mode: Gradient

Method:
c: \HPCHEM\l \METHODS\TOXLAB\DIPH_INT.M

Solvent:
A: Methanol +O.OOSH TBAP
B: Water" PIC A

Cal..ibration:
Calculated on :Area
Calibration created: 10/17/01
Calibration Modified: 6/20/02

1 Diphacinone
2 Chlorophacinone

t

Sample:
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e
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280

05:26:30 p
,11:57:1.1 a

Meas. R

7.396
1.779

Area

Detector: UV
~avelen9th, nm

.' .c c:
o 0

~ ~• •s::. s::.
I:L - I:L

o ! ~
:i: 0
U .;

Injection V61.:'-10DuL
Flow rat-e: 0.0

Start 'Pr'essu~e (bar): a .5

Height

Operator: cdr
Injection Date:6/19/02
Repor~ Date: 6/20/02

1~8.4112 38.3301 198.4112
219.6192 51.0195 219.6192

O.Il---.-........_-.,.........--r"'1

0.5
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Response F Response

0.8665
1_0000

An:::i Ratio
1

Area Ratio

0.75
0.5

0.25

o"'l----..-......----.----.-+-i

Aaount

0.3074
0.5000

Col UItln; .Luna CB

Mode: Gradient

Method:
c: \HPCHEM\1 \METHODS\TOXIAB\DIPH_INT.M

Solvent:
A: Methanol +0.005M TBAP
B: Water + PIC A

Cal.i.bration:
Calculated on :Area
Calibration created: 10/17/01
Calibration Modified: 6/20/02

1 Diphacinone
2 Ch1 orophacinone

mAU

120

100

80

60

40

20

0

-20

Samp~e= 3992

t Compound Name
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Appendix 25. Diphacinone residues in birds.

Birds were collected in the treatment plot ca. 1 month after aerial application of Ramik® Green
bait, Kipuka Ki, Hawaii Volcanoes National Park, 25 and 30 October 2001
(see also Appendix 17 and 24).

Sample Sample Date Capture Analysis Lab. Result

No. Description Collected Method Lab. No. (ppm)

B24 Kalij pheasant (male) 20 Nov 2001 Shotgun Genesis 02-TS-02B 0.12

B25 Kalij pheasant (female) 20 Nov 2001 Shotgun Genesis 02-TS-02A 0.18

B6 Red-billed Leiothrix 29 Nov 2001 Snap trap Genesis 02-TS-02G 1.25

B8 Red-billed Leiothrix 29 Nov 2001 Pisonia tangle Genesis 02-TS-02H 1.34

B9 Red-billed Leiothrix 29 Nov 2001 Snap· trap Landcare 4017 2.9

B10 Red-billed Leiothrix 29 Nov 2001 Snap trap Landcare 4018 2.8

B12 Red-billed Leiothrix 29 Nov 2001 Snap trap Landcare 4019 3.9

B14 Red-billed Leiothrix 30 Nov 2001 Snap trap Landcare 4021 4.9

B15 Red-billed Leiothrix 30 Nov 2001 Mist net Genesis 02-TS-021 0.74

B17 Red-billed Leiothrix 30 Nov 2001 Snap trap Landcare 4022 1.8

Bll Northern Cardinal 29 Nov 2001 Mist net Genesis 02-TS-02J 0.13

B16 Northern Cardinal 30 Nov 2001 Mist net Genesis 02-TS-02K 0.08

B3 Japanese White-eye 20 Nov 2001 Mist net Genesis 02-TS-02D 0

B4 Japanese White-eye 21 Nov 2001 Mist net Genesis 02-TS-02E 0

B5 Japanese White-eye 29 Nov 2001 Mist net Genesis 02-TS-02F 0

B7 Japanese White-eye 29 Nov 2001 Mist net Landcare 4016 0

B13 Japanese White-eye 29 Nov 2001 Mist net Landcare 4020 0
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