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National Wildlife Research Center Scientists Develop Methods to Reduce 
Damage Caused by Invasive Species 

Wildlife Services’ (WS) National Wildlife Research Center (NWRC) is the only Federal 
research facility devoted exclusively to resolving confl icts between people and wildlife 
through the development of effective, selective, and socially responsible methods, tools, 
and techniques. NWRC’s fi eld station in Hilo, HI, is ideally located to allow research biolo-
gists to develop methods needed to control invasive species damage to agricultural crops 
and native ecosystems on islands.

Oceanic islands like the Hawaiian archipelago are more susceptible to the impacts of 
invasive species than mainland areas because remote islands evolved in ecological isola-
tion and have few predators or competitors, have a lot of air and sea traffi c, and, typically, 
provide a favorable habitat and climate for many introduced species. Further, native spe-
cies on the islands have evolved in the absence of many introduced threats and usually 
respond poorly to invasive animals or disease. 

Invasive species are the single greatest threat to Hawaii’s agricultural economy, natural 
environment, and the health and lifestyle of Hawaii’s people. Invasive vertebrate species 
cause millions of dollars worth of crop losses, the extinction of native species, the de-
struction of native forests, the spread of disease, and threats to the health and safety of 
residents. NWRC scientists at the Hilo, HI, fi eld station are investigating a variety of meth-
ods to reduce damage caused by invasive species such as rodents, coqui frogs, brown 
treesnakes, invasive birds, mongooses, and feral ungulates in Hawaii as well as through-
out Pacifi c islands linked to Hawaii through transport and trade. 

Applying Science and Expertise to Wildlife Challenges

Rodent Management and Eradication— To better manage rodent damage to Hawaii’s 
agricultural resources, NWRC scientists are identifying and evaluating various rodenticide 
baits. As part of this process, NWRC scientists compiled the necessary data to obtain 
federal registration for these baits. Field tests were conducted on roof rats, a species that 
decimates native ecosystems as well as agricultural crops throughout the Pacifi c region. 
Results indicate that only certain rodenticides are effective on Hawaiian mice and rats.  To 
date, two products have been registered by the Hawaii Department of Agriculture for use 
in tropical fruits and seed crops in Hawaii.  Prior to this, no rodenticides were registered for 
use in these Hawaiian crops.  In addition, several projects were completed which resulted 
in the registration of three products for the aerial broadcast of rodenticides. Much of the 
supporting documentation and many of the studies for these labels were completed at the 
Hilo, Hawaii fi eld station. Collaborative studies will continue to evaluate aerial broadcast 
application of rodenticides in conservation areas throughout the Pacifi c region to protect 
native fauna and fl ora with emphasis on reducing the potential for exposure to non-target 
animals such as feral swine, native raptors, and land crabs.  

Introduced Invasive Species— The negative impacts of introduced species on island 
ecosystems are severe. In Guam, brown treesnakes continue to impact the local economy, 
power grids, native plants and animals and military operations.  NWRC scientists are 
attempting to reduce the opportunity for snakes to spread to new areas, such as Hawaii, 
and to reduce the impact of snakes on Guam. Alternative baits, such as beef treated with 
extracts of dead mice, also have been evaluated to help reduce the cost of operational 
baiting programs and improve baiting effectiveness. For wide area suppression of snake 
populations in remote areas, scientists are evaluating helicopter aerial delivery of mouse 
bait attached to paper streamers. The bait lands in the canopy where it is accessible to 
brown tree snakes, but inaccessible to non-target species. To help prevent snakes from 
stowing away in outbound cargo from Guam, NWRC scientists are evaluating repellencies 
of formulations containing essential oils, natural compounds, and other chemicals, with 
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the goal of providing a safe, ready-for-use product for military, 
commercial and private users. Furthermore, a major study was 
initiated in the beginning of this year to evaluate the risk of intro-
ducing invasive vertebrates throughout the Pacifi c as a result of 
the planned restructuring of military forces in the Pacifi c, specifi -
cally the introduction and spread of the brown tree snake. A risk 
analysis and biosecurity plan of the move has been prepared to 
assist in the development of an Environmental Impact Statement.   

In Hawaii, a species of tree frog (coqui frog) was introduced 
from the Caribbean. In addition to its propensity for reproduc-
ing quickly and its piercing loud nighttime call, the species eats 
the insects and snails that many native forest birds rely on for 
survival and may have signifi cant effects on forest dynamics. 
During the last fi ve years, the development and evaluation of frog 
toxicants has been supported by several key cooperators. NWRC 
scientists have identifi ed several effective frog toxicants (citric 
acid, hydrated lime, endosulfan sodium bicarbonate, potassium 
bicarbonate) for registration and evaluated the potential envi-
ronmental effects of frog toxicants(citric acid, caffeine, hydrated 
lime, and sodium bicarbonate).  Although, citric acid is, currently, 
the only frog toxicant that is being used, NWRC scientists are 
generating data for the registration of bicarbonate products for 
the state of Hawaii.

There is a serious concern about the introduction of Indian 
mongooses to new locations in the Pacifi c area that have so far 
remained free of this alien pest. NWRC scientists are identifying 
candidate bait substrates, lures, and/or attractants that elicit a 
strong attraction response from mongooses in the fi eld. Prelimi-
nary results show that food-based baits are more effective than 
animal or food scents, and that fi sh-based food baits are the most 
effective. Findings could aid in optimizing current detection and 
capture strategies for mongooses and facilitate the development 
of toxicant baits specifi c for mongooses. More recently, NWRC 
scientists completed an intensive fi eld study that explored mon-
goose behavior and evaluated the effectiveness of baits in at-
tracting mongooses. Overall, it was found that mongooses cover 
much larger areas than previously reported with some home 
ranges exceeding 124 acres (50 hectares).  Fish, coconut, and 
eggs were all effective baits in attracting mongooses to stations 
but distance traveled by mongooses were highest for fi sh baits.  

Introduced predators such as cats can cause signifi cant reduc-
tions in native bird species in Hawaii.  Due to high food avail-
ability and their mobility, feral cats are often extremely diffi cult to 
manage in tropical climates. NWRC scientists completed an initial 
fi eld evaluation of non-food based lures and scents for use as 
feral cat attractants. Food based lures, such as fi sh, are effective 
at times for cats but they are also effective on non-target animals, 
such as mongooses. Thus, trapping programs may be saturated 
with non-target captures and few cat captures. Non-food based 
lures that are effective for cats and not as effective for non-target 
animals will be assessed further for application onto feral cat 
trapping.  

Lastly, NWRC scientists have initiated a new study to evaluate 
the diet of non-native feral sheep on Mauna Kea and assess the 
impacts of browsing by these sheep on the endangered native 
mamane tree.  Mamane seeds are critical for the survival of the 
endangered honeycreeper, palila.  NWRC scientists are investi-
gating the relative preference of sheep based on rumen contents. 
Rumen analysis is continuing and future plans include conducting 
vegetation surveys in the locations where ungulate samples were 
collected to compare stomach contents with availability of the 
various herbaceous foods consumed.

Seed Crop Protection— Growing plants for seeds has 
emerged as one of Hawaii’s biggest industries. Hawaii’s 
climate enables three to four growing seasons per year, 
which allows companies to produce up to four generations of 
seed crops per year, enabling crops to move more quickly to 
market.

With this new industry comes a new interest in protecting 
seeds from foraging birds.  Approximately 40 percent of the 
bird species in Hawaii are invasive.  In addition to the damage 
they cause to native birds through disease and competition, 
invasive bird species cause millions of dollars in crop losses 
annually.  For example, pigeons, doves, francolins, turkeys 
and skylarks feast on a variety of seeds and sprouting crops.  

NWRC scientists are developing methods to minimize the 
damage caused by invasive birds. Scientists developed an 
integrated management plan to alter farm operations and re-
duce invasive bird populations on one farm. Birds were killing 
more than 76 percent of planted soybeans. Nine months after 
the program was initiated, bird damage was absent. During 
the past two years, NWRC has partnered with the Hawaii WS 
operational program to develop a bird management program 
for seed corn and soybeans.  NWRC scientists evaluated 
the extent of the bird problem and developed an operational 
program; they, periodically, returned to evaluate the effective-
ness of the operational program.  The program continues to 
be successful in reducing the threat of seed predation and 
in reducing the threat from avian diseases.  NWRC has also 
partnered with the Hawaii Department of Land and Natural 
Resources to evaluate crop depredation threats from feral 
parrots and to provide a management strategy to minimize the 
potential effects (e.g., fruit crop depredation) of these birds. 
The state partnered with the operational program to manage 
the feral parrot population, particularly the large population on 
Kauai.

Rodent-Proof Nest Boxes for Endangered Birds in 
Hawaii— The puaiohi, or small Kauai thrush, is an endan-
gered bird endemic to the island of Kauai, HI.  The sole 
population of about 500 birds is currently restricted to remote, 
higher elevation areas of the Alakai Plateau.  Puaiohi nest 
primarily on steep stream-side cliffs, and their distribution and 
abundance are limited partly by the availability of suitable nest 
sites.  Invasive black rats cause nest failure and mortality of 
nesting females, and ground-based rodent control has not 
been effective at reducing nest predation.  NWRC research-
ers investigated whether artifi cial nest structures might be a 
viable alternative to rodent control by testing nest box de-
signs to fi nd one that is resistant to rats.  In laboratory trials, 
the researchers evaluated three designs that were currently 
being deployed as artifi cial nest boxes for puaiohi and found 
that these structures are not rat resistant.  From these initial 
results, researchers developed and tested an improved nest 
box design, producing a rodent-proof nest box for endangered 
birds and a bait station that protects non-target animals from 
accessing the baits.  

Human Health and Safety— Due to the threat to human 
safety by bird strikes at airports, a program has been devel-
oped to evaluate the operational management of bird hazards 
at airports. The number of bird aircraft collisions continues to 
be high at Hawaii’s airports.  WS and NWRC personnel are 
evaluating the effects of current hazing techniques on one 
native species, the Pacifi c golden plover, at the Hilo Interna-
tional Airport. These hazing techniques include vehicular and 
pyrotechnic harassment by WS personnel, as well as harass-
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ment by trained canines. The effi cacy of the two methods will 
be compared by assessing the value of the introduction of a 
canine unit in the second year of the study.   Additionally, the 
deployment of decoys to assist relocating territorial plovers to 
alternative habitats will be considered.
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      Major Research Accomplishments:

WS supports rodenticide registrations for use in 
island conservation and the protection of seed 
crops and tropical fruits.  

WS research is evaluating the effectiveness of 
sex pheromones as attractants for invasive brown 
treesnakes on Guam.

WS continued to develop tools to manage 
invasive tree frogs. Research efforts have led 
to collection of registration data for the use of 
sodium and potassium bicarbonate to reduce 
invasive tree frog populations.

WS investigated ways to reduce rodent and bird 
damage to valuable seed crops.

WS designed a rodent-proof nest box to help 
protect the endangered small Kauai thrush from 
predation by invasive rats.

WS evaluates aerial delivery of acetaminophen-
treated dead neonatal mice for wide area 
population suppression of brown tree snakes.

WS evaluated lures, baits, and baiting strategies, 
and continues collaborations with local, national 
and international cooperators on impacts and 
control strategies for invasive mesopredators 
(mongooses, feral cats).

WS is conducting rumen  dietary examinations of 
non-native feral sheep to determine the browse 
preference of a native tree/shrub (mamane), the 
seeds and pods of which are critical for the sur-
vival of the endangered Hawaiian honeycreeper, 
palila.  

WS is evaluating the effects of current hazing 
techniques on native and non-native avian 
species that pose bird-aircraft collision hazards at 
the Hilo International Airport.

WS and Hawaii natural resources agencies are 
assessing the ecological and economical threat 
from feral parrots, whose populations have 
dramatically increased in the wild.  
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