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INTRODUCTION 
 

Introduction 

Islands make up 1.3% of the U.S. land area yet they are home to 43% of 

species listed under the Endangered Species Act and 53% of extinctions. 

Invasive species are the primary threat to island ecosystems globally and are 

responsible for approximately two-thirds of all  island extinctions in the past 400 

years (Reaser et.  al.  2007). Hawai`i not only is the state with the greatest 

number of threatened, endangered, and extinct species, but also the state with 

the highest proportion of endemic flora and fauna (Ziegler 2002). Non-native 

mammals – primarily rats,  cats,  mongoose, goats, sheep, and pigs – have had 

devastating impacts on listed and at-risk species and are major factors in 

population declines and extinctions in Hawai`i and elsewhere (Ziegler 2002, 

Reaser et.  al.  2007).  

 In 1970, Hawai`i became one of the first states in the country to recognize 

the importance of its unique natural resources by establishing the Natural Area 

Reserves System (NARS) to “.. .preserve in perpetuity specific land and water 

areas which support communities, as relatively unmodified as possible, of the 

natural flora and fauna, as well  as geological sites, of Hawai`i.” (Hawai`i 

Revised Statutes § 195-1). The system presently consists of 19 reserves on five 

islands, encompassing more than 109,000 acres. 

Ka`ena Point NAR was established in 1983, by State Executive Order 

3162, to protect a portion of the most extensive remnant dune system on O`ahu 

from damage and degradation caused by off-road vehicle use, erosion, and the 

spread of invasive species. At the time the NAR was created, these factors had 

largely destroyed most of the native vegetation within the NAR, making it  

unsuitable for use by nesting seabirds. After the establishment of the NAR, 

vehicular access to most of the reserve was blocked, and recovery of native 

vegetation has been significant,  with increasing numbers of endangered plants 

such as ‘ohai (Sesbania tomentosa) and recovery of the coastal naupaka 

(Scaevola sericea) community (D. Smith pers. obs.).   
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As the coastal habitat  improved, and predator control was initiated, 

increasing numbers of ‘ua‘u kani,  or Wedge-tailed shearwaters (Puffinus 

pacificus),  and Laysan albatrosses, or mō lī  (Phoebastria immutabilis),  began to 

breed in the NAR. Wedge-tailed shearwater chicks hatching at Ka`ena increased 

in number from zero in 1994 to over 3,000 in 2011. Laysan albatross alone have 

increased from zero pairs in 1989 to approximately 61 nesting pairs in 2012. 

The dramatic increase of seabirds within the reserve is l ikely a combination of 

protection from off-road vehicles and predator control.  The reserve also acts as 

refuge and pupping ground for the endangered Hawaiian monk seal or 

‘ī lioholoikauaua (Monachus schauinslandi).  In addition, honu or green sea 

turtles (Chelonia mydas),  koholā  or humpback whales (Megaptera 

novaeangliae),  and nai‘a or spinner dolphins (Stenella longirostris) are often 

seen just offshore. 

Prior to fence construction, management techniques designed to protect 

the natural and cultural resources within Ka`ena Point included maintaining the 

existing boulder barricade, removal of invasive habitat-modifying weeds, and 

predator control.  In cooperation with the U.S. Department of Agriculture, 

Animal and Plant Health Inspection Service, Wildlife Services (USDA-WS), the 

State Division of Forestry and Wildlife (DoFAW) conducted regular predator 

control starting in 2000, primarily using baited traps and shooting, that reduced 

the size of feral predator populations within Ka`ena Point NAR. However, with 

unlimited opportunities for predator entry, control required constant effort and 

expense and did not provide a consistent level of protection for the native plants 

and animals within the NAR. Despite ongoing predator control,  the rates of 

predation on nesting seabirds (up to 15% per year) were too high to allow the 

long-term recovery of the existing seabird populations and were likely 

preventing other seabird species from colonizing the area. The impacts of seed 

predation on endangered plants, while not as extensively documented, were also 

likely contributing to poor reproductive success and survival.  

The devastating impacts of non-native mammals such as dogs, cats, 

mongoose, rats,  and mice on island ecosystems are well-documented (Blackburn 
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et.  al.  2004; ).  Predation by invasive species is second only to habitat loss as the 

leading cause of avian extinctions and declines on islands, with rats and 

domestic cats implicated in most (72%) avian extinctions caused by invasive 

predators (Blackburn et.  al.  2004). Despite existing predator control efforts at 

Ka`ena, attacks by cats and dogs continued to occur. For example, in 2006, 113 

fledgling wedge-tailed shearwater chicks were killed by a pack of dogs in a 

single incident at Ka`ena. Other high-mortality attacks at Ka`ena include a 2005 

incident in which a dog killed approximately twenty shearwaters, and a 1996 

incident where forty nesting shearwaters were killed in one night.  

Ungulates have already been excluded from a number of large tracts of 

sensitive habitat in Hawai`i using fencing. However, these fences do not exclude 

smaller pest species such as mongooses, cats,  and rodents. Impacts of feral cats 

and mongooses in Hawai`i have been well documented, including the predation 

on many endangered species, primarily birds (Hodges and Nagata 2001, Smith 

et.  al.  2002, Laut et.  al.  2003). Invasive rodents such as rats and mice constitute 

a potentially even greater threat to native species by contributing to extinctions 

as well as ecosystem level changes (Fukami et.  al.  2006). In Hawai`i,  rats have 

been documented to prey on ground-nesting seabirds, forest birds including the 

endangered O`ahu ‘Elepaio (Chasiempis ibidis) and the Laysan Finch (Telespiza 

catans; VanderWerf and Smith, 2002). As omnivorous feeders, rats are also 

known to eat the seeds, fruits,  leaves, and shoots of a variety of plants, 

including stripping the bark of koa (Acacia koa) saplings and eating the seeds of 

loulu (Pritchardia spp.) palms and other endangered plant species (U.S. Army 

2006). These actions may kill  plants outright,  make them more susceptible to 

pathogens or insects, or  prevent natural reproduction. While rats can be 

controlled in small areas using bait stations and traps, it  is extremely labor 

intensive and not a permanent solution. Until  recently, there was no way to 

effectively eradicate rats and mice from larger islands, or even to exclude them 

from specific areas. 

Finally, the predators found at Ka`ena act as carriers of leptospirosis, 

morbilli  virus (distemper), and toxoplasmosis. The Recovery Plan for the 
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Hawaiian Monk Seal identifies these diseases as threats to monk seal survival.  

In addition, toxoplasmosis also a dangerous disease for humans. Despite 

existing predator control efforts,  the possibility of exposure continues as long as 

predators can enter the reserve.   

 Until  2006, DoFAW was constrained by their budget from tackling the 

outstanding issues at Ka`ena Point.  In a series of events that included the large 

shearwater kill  discussed above, and the cancellation of a fully funded predator 

proof fencing project on Hawai`i island, funding was made available from the 

US Fish and Wildlife Service (USFWS) to construct a predator proof fence at 

Ka`ena Point.  The funding was provided as a grant to the Wildlife Society 

Hawai`i Chapter (TWS) in trust for the state under the USFWS recovery 

program to protect endangered plant species. 

Predator-proof fencing is a relatively recent technology that was 

developed in New Zealand and to date over 52 fences have been constructed 

protecting more than 10,000 ha. The fencing excludes non-native predatory 

animals as small as a two-day old mouse, and prevents these animals from 

digging under or climbing over the fence. The use of the predator-proof fencing 

greatly increases the effectiveness of existing animal control efforts, shifting 

the focus from reducing predator numbers to eradication (Long and Robley, 

2004). Research undertaken in 2002 (MacGibbon and Calvert,  2002) and 

completed in March 2006 (Burgett et.  al.  2007) demonstrated that these fences 

could be designed to exclude all  of the mammalian pests present in Hawai`i.  

Biologists familiar with these fences in New Zealand stated that “far more has 

been achieved at a far greater pace than expected”(T. Day pers. Comm.). 

Benefits included a noticeable improvement in ecosystem function, a 

documented increase in the number and density of native invertebrates, and an 

increase in the diversity of plant vegetation. In one installation, the results 

projected to occur within ten years of construction were observed in 18 months. 

The predator proof fence uses technology that has been used with great success 

in New Zealand in both coastal and forested areas. Trial predator-proof fences 

were constructed on the slopes of Mauna Loa on Hawai`i,  demonstrating their 
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effectiveness in excluding rats,  cats, and mongoose and allowing the 

development of methods to exclude mice on ‘a‘ā  substrate. Ka`ena Point was the 

first  project-level fence of its type constructed in Hawai`i and the U.S. In 

Hawai`i,  the use of predator-proof fencing is especially promising in that i t  can 

provide areas within which the entire ecosystem, including native vegetation, 

can recover and where birds and snails can breed and forage free from the 

threats of introduced terrestrial vertebrate predators (MacGibbon and Calvert,  

2002). 

Anticipated benefits of predator proof fencing at Ka`ena Point are 

increases in the breeding Laysan albatross and Wedge-tailed shearwater 

populations; the establishment of new seabird breeding populations, such as the 

ka‘upu or Black-footed albatross (Phoebastria nigripes)  and the ‘ou or Bulwer’s 

petrel (Bulweria bulwerii);  a greater understanding of the impact of rodents on 

coastal ecosystems; improved health and function of the coastal strand plant 

community; improved natural regeneration or the re-introduction of endangered 

plant populations historically found at Ka`ena; reduced risk of disease transfer 

to basking monk seals;  and a demonstration area for residents and visitors to 

observe what a coastal area of the Hawaiian islands might have been like in 

their natural state before the introduction of invasive mammals and to develop a 

greater appreciation of the value of the natural and cultural resources of Ka`ena 

Point.  Over the long-term, protecting the nesting area at Ka`ena is of particular 

importance to vulnerable seabirds, as most of their nesting areas are located on 

atolls and islands at greater threat by rising sea levels than Ka`ena (Baker et.  al.  

2006).  

The purpose of this report is to provide an overview of the entire process 

that was undertaken to complete this project, from the scientific aspects to the 

legal compliance. Since the completion of construction, multiple predator proof 

fencing projects have been initiated in Hawai`i and it  is hoped that by compiling 

all  the information from our experience, that it  will  facilitate planning of future 

projects. 
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Objectives 

The principle strategic objective of this project was to promote active ecosystem 

restoration through the use of predator proof fencing. The specific objectives 

were to: 

1. Conduct public outreach to obtain, and maintain community support for the 

project 

2. Conduct pre and post biological monitoring to assess the effectiveness of 

predator proof fencing as a management tool in Hawai`i 

3. Construct a predator proof fence capable of excluding all non-flighted 

mammalian predators from Ka`ena Point 

4. Remove (and continue to exclude) all  non-flighted mammalian predators from 

Ka`ena Point 

5. Document changes to the recovering ecosystem in the absence of non-native 

predators. 

 

The long term objectives once predators have been removed are to continue with 

ongoing plant restoration, begin more aggressive seabird restoration (such as 

social attraction and translocation) and provide the public with an opportunity 

to enjoy a restored ecosystem and the educational opportunities associated with 

having a restored ecosystem so accessible to an urban center.  

 

Fence design 

The fence encloses approximately 20ha of the Ka`ena Point NAR. The fencing 

corridor is approximately four meters wide and 630 meters long. The fencing 

alignment largely follows a World War II-era roadbed that skirts the bottom of 

the hill  behind and above the sand dunes. By following this track at the base of 

the slope, the alignment places the fence along the least visually intrusive area 

of the point,  so that the greatest area might be enclosed while minimizing 

interference with viewplanes and avoiding further disturbance to the delicate 

habitat.  Figure 1.1 illustrates the area and the fence alignment. 
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The existing roadbed that forms the main portion of the fence corridor (Figure 

1.1) is fairly level,  and as a result ,  limited vegetation clearing was required. 

Ground preparation that was required along the Waianae slope involved the use 

of a bulldozer and excavator to move soil or rocks to form a level stable 

platform and to contour the ground so that rain water moves away from the 

fencing. Details on the construction of the fence are discussed later in this 

document. 

The fence design has three main elements: base fence, predator-proof 

mesh and skirt ,  and predator-proof rolled hood (see Figure 1.2). The base fence 

provides the structural strength and framework on which predator-proof 

components may be added, and is made of anodized aluminum posts and stays, 

with stainless steel wires and fastenings.  

Figure 1.1 –  Fence alignment at Ka`ena Point NAR 
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Anodized aluminum posts set into the ground three meters (9.8 feet) apart.  

One meter of the post is buried, while two meters remains above ground. Marine 

grade stainless steel mesh with an aperture of 6 x 25 millimeters is attached to 

the entire face of the base fence, and is also used to form a skirt  of horizontal 

mesh at ground level,  to prevent predators from tunneling under the fencing. 

The mesh extends from the top of the posts to just below ground level,  while the 

skirt  extends 300 millimeters from the fence, and is cemented to the ground.  

Figure 1.2 –  Fence design 
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Access doors were incorporated at locations where the fencing crosses existing 

trails at  both the Mokulē‘ia and Wai‘anae entrances and a third door above the 

Leina ka ‘Uhane to allow access to a fishing ko‘a (shrine).  To minimize the 

opportunity for predator incursion if doors are propped open, a double-door 

system was utilized such that both doors cannot be open at the same time. 

Instead, a person accessing the reserve must wait  for the first  door to close 

before the second door may be opened. The area between the doors was 

constructed with the same quality and design as the rest of the fence and is large 

enough that up to nine people may enter together or so that a person can enter 

with a bicycle or fishing pole. 

Figure 1.3 – Installed fence section at Ka`ena Point  
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Figure 1.4:  The south coastal  end (left) ,  center gate and north coastal  end (right) 

of  the fence.  

 

Budgets and funding 

Funding was obtained from six grants made specifically for this project and its 

related activities: 

 

Table 1.1: Sources of funding for the Ka`ena Point Ecosystem Restoration Project 

Source Amount Purpose 

USFWS $350,000 Fence construction, outreach, coordinatio

David and Lucille Packard Foundation $150,000 Predator removal,  seabird monitoring 

David and Lucille Packard Foundation $135,000 Fence maintenance, predator monitoring

USFWS $70,595 Funding of public outreach ambassador 

Hawai`i Tourism Authority $50,000 Funding of public outreach ambassador 

USFWS $17,000 Public outreach for rodent control 

   

Total $772,595  

 

At the time of this report,  $637,595 had been spent on this project (the fence 

maintenance grant of $135,000 does not begin until  January 2012). A rough 

breakdown of how this money was spent is outlined below: 

 

Table 1.2: Breakdown of spending for the Ka`ena Point Ecosystem Restoration 

Project.   



16 
 

Item ~Cost 

Fence construction (~650m= $446/m) $290,000.00 

Predator removal (to date) $51,000.00 

Project coordination $79,000.00 

Public outreach $69,000.00 

On-site ambassador $120,595.00 

Miscellaneous and grant overhead $28,000.00 

Total $637,595.00* 
*Note  that  the grant  of  $135,000 is  not  included in  th is  table  as  the grant  per iod hadn’ t  

s tar ted at  the t ime of  publ icat ion 

 

These costs do not include USFWS or DLNR staff time, and do not include the 

annual contract DoFAW has with USDA-WS for predator control 

(~$35,000/year).  In addition, much of the pre-construction biological 

monitoring was done on a volunteer basis by a variety of individuals at both 

public and private institutions. All of these agencies contributed significant 

amounts of staff time towards the planning and execution of this project,  and the 

actual cost of implementing this project is undoubtedly much higher. 

Nonetheless, these estimates can still  serve as a rough guideline for future 

projects that are still  in the planning stages. 

 

Timeline 

•  2005   –  Testing of New Zealand fence technology on Hawai`i,  sponsored 

by USFWS 

•  10/2006 – > 150 seabirds killed at Ka`ena Point NAR by dogs and cats 

•  11/2006 – Proposal to construct a predator proof fence at Ka`ena Point 

NAR 

•  12/2006 – USFWS, DLNR, and The Wildlife Society, Hawai`i Chapter 

form a    partnership to build the predator-proof fence 

•  07/2007 – DLNR completes archaeological and historical properties report 

•  10/2007 – Broad public and stakeholder outreach efforts commences 
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•  12/2007 – Draft Environmental Assessment available for public review 

•  07/2008 – Modifications to fence alignment based on comments/concerns 

•  07/2008 – Yearlong project on the biological monitoring of all  native and 

pest species begins 

•  10/2008 – Contested cases filed to the Board of Land and Natural 

Resources (BLNR) 

•  05/2009 – Contested cases dismissed by BLNR due to lack of standing 

•  06/2009 – Final Environmental Assessment and Cultural Assessment 

completed 

•  08/2009 – Applications made to City & County for final project permits 

•  08/2009 - Interviews conducted to hire Ka`ena Point Ambassador    

•  12/2009 - David and Lucille Packard Foundation provide funding for 

predator  removal 

•  01/2010 - Right of entry permit given to TWS by the BLNR 

•  01/2010 - Two (new) contested cases filed 

•  08/2010 - Contested cases denied standing 

•  09/2010 - Contract is signed with fencing contractor 

•  11/2010 - Final permitting requirements completed 

•  11/06/2010- Construction begins 

•  11/16/2010- Temporary restraining order (TRO) filed against the project 

•  11/18/2010- TRO denied standing in First Circuit Court 

•  12/17/2010- Fence is 90% complete; break for the holidays 

•  02/2011- Fence crew returns to complete project 

•  02/2011- Rodent removal operations begin 

•  03/2011- Fence is complete 

•  06/2011- Cats, mongooses and rats have been eradicated from within the 

reserve 

•  10/2011- Mice are eradicated from within the reserve 

 

 

 



18 
 

Limitations 

Despite this project having sufficient funding and public support to complete the 

fence construction and initial predator removal, concerns exist over how the 

long-term maintenance and biosecurity of the area will be managed. Currently, 

there is funding through 2013 (two years post-construction) from grant money 

for maintenance and ongoing predator surveillance, but once this is complete the 

future is less certain. Several community groups and individuals have expressed 

an interest in assisting in maintenance operations and long-term monitoring 

associated with this project and it  is hoped that with careful planning and 

coordination that these groups can be trained to provide assistance and fill  in 

any staffing/funding gaps within DLNR. At a minimum, a maintenance and 

buffer pest control program that includes once-weekly inspections will need to 

be conducted in perpetuity in order to keep animals from re-invading the fenced 

area through the coastal gaps, and to conduct regular maintenance needs.  

From an operational standpoint specific to the predator removal and 

biosecurity, there were clear limitations with the fence design which is a 

peninsula-style fence with unsecured openings on the coastal ends. While the 

openings on the coastal ends (2m and 1m respectively) are much narrower and 

more rugged terrain than other successful coastal peninsula fences built  

previously in New Zealand, the potential for re-invasion is stil l  present and 

directly impacts the project’s ability to conduct a true eradication and effective 

biosecurity. Despite these limitations, however, the level of risk associated with 

cancelling the project (both ecologically as well as politically) was thought to 

be greater than the level of risk associated with proceeding under the scenario 

described above, and more importantly, the predicted benefits are anticipated to 

far outweigh the costs. As such, efforts were made to mitigate those risks to the 

fullest extent possible and ensure the long term success of the project.  

 

 

  


