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EXECUTIVE SUMMARY  

The Hawaiói Department of Land and Natural Resources (DNLR), through the Division of Forestry and 

Wildlife (DOFAW), manages lands in the Puóu Waóawaóa Forest Reserve (PWW FR) and the Puóu 

Anahulu Game Management Area (PAH GMA), in North Kona, on the Island of Hawaiói.  The area is 

home to native bird, plant and invertebrate species as well as non-native game mammal and bird species.  

Current land management in the Puóu Anahulu Game Management Area is primarily for maintenance of 

non-native game mammal populations for hunting, in addition to conservation of native habitat. Puóu 

Waóawaóa Forest Reserve is a multi-use area where management includes game population maintenance 

for hunting, natural resource conservation and restoration, and other activites such as cattle grazing and 
trail use.  

This Habitat Conservation Plan (HCP) is intended to consider and mitigate for the potential impacts 

from DOFAW game mammal management activities on endangered species within the Puóu Waóawaóa 

and Puóu Anahulu areas (Plan Area 103,988 acres). Potential negative impacts on Covered Plant species 

are primarily in the form of direct take from grazing, browsing, and soil disturbance associated with the 

management of game mammals and cattle in the Plan Area.  This plan as a whole intends to provide for 

avoidance and minimization measures, and mitigation which will provide net benefit to the species and 

environment, above and beyond any incidental take of protected species which may occur due to Plan 

actions.  This plan will also utilize the grazing activities of game mammals and cattle to reduce fuel 

loads outside of planned and existing exclosures to prevent wildland fire which is a primary threat to 
dryland forests.  

Covered Species likely to be impacted by Plan activities were identified through consideration of 

previous botanical and wildlife surveys, as well as on-the-ground botanical and wildlife surveys 

performed as part of the HCP planning process. A model has been developed to estimate the density of 

individuals of each covered plant species within the Plan Area. These estimates are used to quantify the 

level of take anticipated for the covered plant species over the course of the HCP. All plant species 

located outside of fenced units are considered subject to take. Blackburnôs sphinx moth (Manduca 

blackburni) is the only insect species that has been identified as potentially impacted by activities within 

the Plan Area, primarily from removal of non-native tree tobacco (Nicotiana glauca) from fuelbreaks to 

allow access for management and hunting activities. Clearing of fuelbreaks and roads is critical for 

overall fire suppression in the Plan Area. Data from larval surveys are used to estimate take of larvae in 

the Plan Area as well as guide avoidance, minimization, and mitigation actions.  

The focus for the stabilization of threatened and endangered species occurring within the Plan Area will 

be on restoration of functional communities.  These communities should support not only stable 

Covered Species populations, but represent fully functional (insofar as possible), self-sustaining 

communities with minimal dependence on human management.  

Exclosures are the most effective tool for the avoidance and minimization of threats from ungulate 

grazing, browsing, and traffic on plant populations. Currently, 4114 acres (3.9 % of Plan Area) are 

fenced within seven exclosures across the Plan Area, and additional 4,066 acres (3.9% of Plan Area) are 

proposed for fencing under this HCP. Take estimates are combined with species stabilization criteria to 

define mitigation goals for each plant species. Monitoring of compliance and take of protected species, 

review and implementation of adaptive management measures are required by law and to ensure that the 

HCP is implemented correctly, efficiently, and effectively for the species, environment, and all parties 
concerned. 
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1.0 INTRODUCTION AND PLAN OVERVIEW 

1.1 SUMMARY  

The Hawaiói Department of Land and Natural Resources (DNLR), through the Division of Forestry and 

Wildlife (DOFAW), manages lands in the Puóu Waóawaóa Forest Reserve (PWW FR) and the Puóu 

Anahulu Game Management Area (PAH GMA), in North Kona, on the Island of Hawaiói.The proposed 

Plan Area (total of 103,988 acres) is on the western side of North Kona, includes the Puóu Waóawaóa 

Forest Reserve (TMKs 3-7-1-003-001, 3-7-1-004-001 and 3-7-1-004-018) and Puóu Anahulu Game 

Management Area (TMKs 3-7-1-001-001, 3-7-1-001-004, 3-7-1-001-006, 3-7-1-001-007, 3-7-1-002-

001, and 3-7-1-002-013)(Figure 1.1). The area is home to native and non-native game, bird, plant and 

invertebrate species.  Current land management in the Puóu Anahulu Game Management Area is 

primarily for maintenance of non-native game mammal populations for hunting, in addition to 

conservation of native habitat. Puóu Waóawaóa Forest Reserve is a multi-use area where management 

includes game population maintenance for hunting, and  natural resource conservation and restoration, 

as well as other activites such as cattle grazing and trail use. It is anticipated that these activities have the 

potential to result in the incidental take of one animal species, Blackburnôs sphinx moth (Manduca 

blackburni), and 15 federally listed  plant species
1
:  Asplenium peruvianum var. insulare, Uhiuhi 

(Caesalpinia kavaiensis), Kauila (Colubrina oppositifolia), Honohono (Haplostachys haplostachya), 

Maôo hau hele (Hibiscus brackenridgei ssp. brackenridgei), Kokióo (Kokia drynarioides), Neraudia 

ovata, óAiea  (Nothocestrum breviflorum), Hala pepe (Pleomele hawaiiensis), Poóe (Portulaca 

sclerocarpa), Hawaiian Catchfly (Silene lanceolata), PǾpolo kȊ mai (Solanum incompletum), Creeping 

Mint (Stenogyne angustifolia), Aôe (Zanthoxylum dipetalum var. tomentosum), and Aôe (Zanthoxylum 

hawaiiense).  Potential negative impacts on these listed plant species are primarily in the form of direct 

take from grazing, browsing, and soil disturbance associated with the management of game mammals 

and cattle in the Plan Area. Potential impacts to Blackburnôs sphinx moth larvae and eggs are primarily 

from the clearing and maintenance of fuel breaks and four-wheel drive access roads.  No other listed, 

proposed, or candidate plant or animal species are anticipated to be taken by Plan activities. 

 

 
State (HRS 195-D) and Federal (Endangered Species Act) law requires provisions for protected species 

impacted by Plan actions and therefore, DLNR is seeking an Incidental Take License (ITL) in 

accordance with Chapter 195-D, Hawaiói Revised Statutes. This permit is issued by the DLNR.The 

Habitat Conservation Plan (HCP) supports the issuance of this permit, and describes how the Applicant 

will avoid, minimize, mitigate, and monitor the incidental take of endangered species that may occur in 

the Plan Area during the management and maintenance of non-native game mammals and hunting 

within the PWWFR and PAHGMA. The HCP will integrate components of the Puóu Waôawaôa 

Management Plan (PWWMP) (2003), as well as the developing Game Management Plan for Hawaiói. 

The HCP outlines a monitoring protocol to determine successful mitigation for each species throughout 

the duration of game management activities in the Plan Area. Additionally, this HCP incorporates 

                                                           
1 A number of taxonomic changes have taken place during the development of this HCP. We have 

compiled a list of taxonimically accepted names for species (Appendix F) that we are aware of and left 

the commonly used names in the document for ease of understanding and use.
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adaptive management provisions to allow for modifications to the mitigation and monitoring measures 

as knowledge is gained during implementation.  

 
Timely implementation of this plan should provide net benefit to the species and environment, and will 

increase the likelihood of recovery of the endangered and threatened species that are the focus of the 

plan.  This plan, with an approved Incidental Take License for anticipated take of these species, should 
address applicable requirements under State and Federal endangered species law. 
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Figure 1.1 Plan Area (103,988 acres), including Puóu Waóawaóa Forest Reserve, Puóu Anahulu Game 

Management Area, and the Puóu Waóawaóa Forest Bird Sanctuary,  North-Kona, Island of Hawaiói. 
Internal red outlines signify private inholdings and are excluded from the Plan Area. 
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1.2 REGULATORY SETTING  

1.2.1 Endangered Species Act 

The ESA and its implementing regulations prohibit the take of any fish or wildlife species that is 

federally listed as threatened or endangered without prior approval pursuant to either Section 7 or 

Section 10 (a)(1)(B) of the ESA.  Section 9 of the ESA defines ñtakeò as ñto harass, harm, 

pursue, hunt, shoot, wound, kill, trap, capture, or collect or attempt to engage in any such 

conduct.ò The term harm means an act that actually kills or injures a federally listed wildlife 

species, and may include significant habitat modification or degradation (50 Code of Federal 

Regulations [CFR] §17.3).  In addition, Section 9 of the ESA details generally prohibited acts 

and Section 11 provides for both civil and criminal penalties for violators regarding species 

federally listed as threatened or endangered. 

 

ESA section 4(f) requires the USFWS to develop and implement recovery plans for the 

conservation and survival of listed species.  Recovery plans must describe specific management 

actions, establish objectives and measurable criteria for delisting, and estimate the time and cost 

to carry out measures needed to achieve recovery.  The USFWS has developed recovery plans 

for the Big Island Plant Cluster and Blackburnôs sphinx moth (USFWS 1996, 2005).  The 

biological goals and objectives identified in Section 4.0 are consistent with these recovery plans. 

 

 

1.2.2 Chapter 195D, Hawaiói Revised Statutes 

The purpose of Chapter 195D of Hawaiói Revised Statutes (HRS) is ñto insure the continued 

perpetuation of indigenous aquatic life, wildlife, and land plants, and their habitats for human 

enjoyment, for scientific purposes, and as members of ecosystemséò (Section 195D-1). Section 

195D-4 states that any endangered or threatened species of fish or wildlife recognized by the 

ESA shall be so deemed by State statute. Like the ESA, the unauthorized ñtakeò of such 

endangered or threatened species is prohibited [Section 195D-4(e)]. Under Section 195D-4(g), 

the Board of Land and Natural Resources (BLNR), after consultation with the Stateôs 

Endangered Species Recovery Committee (ESRC), may issue a temporary Incidental Take 

License (subsequently referred to as an ñITLò) to allow a take otherwise prohibited if the take is 

incidental to the carrying out of an otherwise lawful activity. 

 

In order to qualify for an ITL, the following must occur:  

¶ The Applicant minimizes and mitigates the impacts of the take to the maximum extent 

practicable; 

¶ The Applicant guarantees that adequate funding for the HCP will be provided; 

¶ The Applicant posts a bond, provides an irrevocable letter of credit, insurance, or surety bond, or 

provides other similar financial tools, including depositing a sum of money in the endangered 

species trust fund created by 195D-31, or provides other means approved by BLNR, adequate to 

ensure monitoring of the species by the State and to ensure that the applicant takes all actions 

necessary to minimize and mitigate the impacts of the take; 

¶ The HCP increases the likelihood that the species will survive and recover; 

¶ The HCP takes into consideration the full range of the species on the island so that cumulative 

impacts associated with the take can be adequately assessed; 
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¶ The activity permitted and facilitated by the license to take a species does not involve the use of 

submerged lands, mining, or blasting; 

¶ The cumulative impact of the activity, which is permitted and facilitated by the license, provides 

net environmental benefits; and 

¶ The take is not likely to cause the loss of genetic representation of an affected population of any 

endangered, threatened, proposed, or candidate plant species. 

 

Section 195D-21 outlines the requirements of HCPs, which are similar to those in federal regulations. 

According to this section, HCPs submitted in support of an ITL application shall: 

¶ Identify the geographic area encompassed by the HCP; the ecosystems, natural communities, or 

habitat types within the Plan Area that are the focus of the HCP; and the endangered, threatened, 

proposed, and candidate species known or reasonably expected to be present in those 

ecosystems, natural communities, or habitat types in the Plan Area; 

¶  Describe the activities contemplated to be undertaken within the Plan Area with sufficient detail 

to allow the department to evaluate the impact of the activities on the particular ecosystems, 

natural communities, or habitat types within the Plan Area that are the focus of the HCP;  

¶ Identify the steps that will be taken to minimize and mitigate all negative impacts, including 

without limitation the impact of any authorized incidental take, with consideration of the full 

range of the species on the island so that cumulative impacts associated with the take can be 

adequately assessed; and the funding that will be available to implement those steps;  

¶ Identify those measures or actions to be undertaken to protect, maintain, restore, or enhance the 

ecosystems, natural communities, or habitat types within the Plan Area; a schedule for 

implementation of the measures or actions; and an adequate funding source to ensure that the 

actions or measures, including monitoring, are undertaken in accordance with the schedule; 

¶ Be consistent with the goals and objectives of any approved recovery plan for any endangered 

species or threatened species known or reasonably expected to occur in the ecosystems, natural 

communities, or habitat types in the Plan Area;  

¶ Provide reasonable certainty that the ecosystems, natural communities, or habitat types will be 

maintained in the Plan Area, throughout the life of the HCP, in sufficient quality, distribution, 

and extent to support within the Plan Area those species typically associated with the 

ecosystems, natural communities, or habitat types, including any endangered, threatened, 

proposed, and candidate species known or reasonably expected to be present in the ecosystems, 

natural communities, or habitat types within the Plan Area; 

¶ Contain objective, measurable goals, the achievement of which will contribute significantly to 

the protection, maintenance, restoration, or enhancement of the ecosystems, natural 

communities, or habitat types; time frames within which the goals are to be achieved; provisions 

for monitoring (such as field sampling techniques), including periodic monitoring by 

representatives of the department or the ESRC, or both; and provisions for evaluating progress in 

achieving the goals quantitatively and qualitatively; and 

¶ Provide for an adaptive management strategy that specifies the actions to be taken periodically if 

the plan is not achieving its goals. 

 

In addition to the above requirements, all HCPs and their actions should be designed to result in an 

overall net benefit to the threatened and endangered species in Hawaiói (Section 195D-30). 
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1.2.3 Chapter 343, Hawaiói Revised Statutes 

DLNR has determined that the approval of an HCP and issuance of an ITL under HRS Chapter 195D 

will be accompanied by environmental review pursuant to HRS Chapter 343. The environmental 

assessment (EA) is currently being drafted. 

 

1.2.4 National Historic Preservation Act 

Section 106 of the National Historic Preservation Act of 1966, as amended (16 U.S.C. §40 et seq.), 

requires federal agencies to take into account the effects of their proposed actions on properties eligible 

for inclusion in the National Register of Historic Places.  ñPropertiesò are defined herein as ñcultural 

resources,ò which includes prehistoric and historic sites, buildings, and structures that are listed on or 

eligible to the National Register of Historic Places.  An undertaking is defined as a project, activity, or 

program funded in whole or in part under the direct or indirect jurisdiction of a federal agency; including 

those carried out by or on behalf of a federal agency; those carried out with federal financial assistance; 

those requiring a federal permit, license or approval; and those subject to state or local regulation 

administered pursuant to a delegation or approval by a federal agency.  The issuance of an ITP is an 

undertaking subject to Section 106 of the National Historic Preservation Act.  Cultural and archeological 

resources surveys have been conducted for the Plan.  The DLNR will coordinate with the State Historic 

Preservation Office on cultural resources and address any potential issues in the EA. 
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1.3 PLAN DESCRIPTION 

1.3.1 Plan History  

The PWWFR and lands just northeast within PAHGMA have been identified as the Plan Area (103,988 

acres) for the purpose of this HCP. In 2003, DLNR adopted a Management Plan for the Ahupuaóa of 

Puóu Waóawaóa and the Makai Lands of Puóu Anahulu (PWWMP).   Currently, the lands within the Plan 

Area are being managed for grazing of non-native mammals, fire management, natural resource 

management, and public hunting according to the guidelines in the Management Plan. In particular, 

management for endangered plants involves the construction of fence exclosures, the maintenance of 

existing exclosures, fence maintenance, outplanting, and weed control for 22 conservation units ranging 

in size from 10 to approximately 4000 acres for a total of approximately 8,180 acres. Currently, 4,114 

acres within seven exclosures are fenced within the Plan Area. Fifteen of the units, an approximate total 

of 4,066 acres (3.9 % of the Plan Area) will be newly constructed to protect in situ plant populations and 

allow for additional mitigation area for Covered Species. The current and proposed fenced exclosures 

will function to protect Covered Species as well as serve as outplanting sites for mitigating take of 

Covered Species found within the Plan Area.  

 

To date, several botanical surveys, larval Blackburnôs sphinx moth surveys,  a multi-year game mammal 

study (Appendix A), and a vegetation monitoring study (Appendix C) have been conducted to identify 

game mammal home ranges, the location of endangered species within the Plan Area, and the effects of 

ungulates on endangered plants, respectively. Data from botanical surveys were used, in conjunction 

with moisture and substrate maps and species range data, to extrapolate Covered Species population size 

to unsurveyed areas. The survey and extrapolation values from these studies serve as the basis for 

avoidance and minimization strategies and mitigation goals. Data gathered from game mammal home 

ranges are used to determine the geographic scope of the area of impact, hereafter ñArea of Potential 

Impact (149,228 acres)ò.  The calculated home ranges for mammals in the Plan Area are 9.35 km
2
 for 

female sheep, 12 km
2
 for male sheep, and 16.3 km

2
 for goats. The largest of the three home ranges (16.3 

km
2
 for goats, or 2.25 km diameter) was used to calculate the area of potential impact. The Area of 

Potential Impact includes a 2.25 km buffer extended out on all sides from the FR and GMA boundaries, 

except for the uphill (mauka) boundary along the Pohakuloa Training Area (PTA) border where a 

boundary fence limits ungulate ingress (fig. 1.2).  

 

Background information from the Management Plan applies directly to the HCP, and is therefore 

repeated here (2003:1-5)
2
.  In addition, the coverage area of the Management Plan does not extend into 

the mauka lands of Puóu Anahulu, and there is currently no management plan in place for this area. In 

lieu of a management plan, the guiding principles of the Puóu Waóawaóa Management Plan will be used 

wherever applicable. For more in depth background information, please refer to the PWWMP. 

 

                                                           
2 Note that the geographic setting and scope of activities in the Management Plan show some overlap but differ from than 

that of the current HCP 
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Figure 1.2. Area of Potential Impact (139,783 acres). This area includes the Plan Area with private 

inholding and exclosure acreages removed plus a 2.25 km buffer to include those areas potentially 

impacted by ungulates residing in the Plan Area. The buffer is based on empirical evidence from radio 

collar data. No buffer is included for the uphill (óMaukaô) boundary because a fence along that boundary 

prohibits movement of game mammals in that direction.  
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1.3.2 Purpose and Need for the Plan 

Hawaii's natural resources are managed under the authority and mandates of several laws and 

regulations. State law authorizes and mandates the protection, conservation, development, and 

utilization of wildlife resources of the State. Specifically, HRS 171-3 mandates that the Department of 

Land and Natural Resources (DLNR) shall manage and administer forests, forest reserves, wildlife, 

wildlife sanctuaries, game management areas, public hunting areas, Natural Area Reserves (NARs), and 

other functions assigned by law. HRS Section 183D-2 mandates that the Department shall manage and 

administer the wildlife and wildlife resources of the State which, by definition, includes both game and 

non-game species. Section 183D-3 further mandates that the Department shall adopt rules protecting, 

conserving, monitoring, propagating, and harvesting wildlife and under 183D-4, and that the Department 

is given the authority to maintain, manage, and operate game management areas, wildlife sanctuaries, 

and public hunting areas for these purposes. Within the DLNR, DOFAW has been delegated the 

management responsibility for terrestrial wildlife and the game management component of that 

program. It is because of this mandate that game mammal management occurs at Puóu Waóawaóa and 

Puóu Anahulu.  This HCP seeks to strike a balance between the needs of the game management program 

and the protection of the native biota found in the area.  
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1.4 COVERED ACTIVITES: Game Management in the Plan Area 

 
Hawaióiôs game mammal management program provides opportunities for public hunting.  However, 

game mammals in Hawaiói are not native and some may have negative impacts on sensitive native 

species and ecosystems (Coblentz 1978, Cabin et al. 2000, Campbell and Long 2009, Spear and Chown 

2009, Nunez et al. 2010, Thaxton et al. 2010, Cole et al. 2012).  Because of this, management must 

direct both game and hunting activities towards less sensitive areas.  Puóu Waóawaóa FR and the Puóu 

Anahulu GMA (collectively the Plan Area)  are actively managed for game mammals, and both contain 

a significant area of tropical dry forest (Giffin 2009), which is a globally endangered ecosystem (Miles 

et al. 2006, Thaxton et al. 2010).  Game mammals in the Plan Area include feral pigs (Sus scrofa), feral 

sheep (Ovis aries) and feral goats (Capra hircus).  The following is basic information on the history of 

the introduction of these species, their basic effects on the structure and function of ecosystems in 

Hawaiói, and their current abundance and distribution in the Plan Area. 

 

1.4.1 Background 

The only two mammals that are native to Hawaiói are the Hawaiian hoary bat (Lasiurus cinereus 

semotus) and the Hawaiian monk seal (Monachus schauinslandi) (Tomich 1969).  Because of this, 

native Hawaiian plants evolved in the absence of browsing and grazing mammals and they often lack 

physical and chemical defenses that would help to protect them (Stone 1984).  Ungulates can influence 

plant individuals, populations, communities, and the fluxes and pools of nutrients within ecosystems 

(Pastor et al. 1988, Hobbs 1996, Douglas and Evans 1997, Augustine and McNaughton 1998).  Within 

tropical dry and mixed-mesic ecosystems in Hawaiói, the effects of non-native ungulates on the 

environment interact with other factors including drought, invasive plants (e.g. fountain and kikuyu 

grasses [Pennisetum setaceum and P. clandestinum]), wildfire, and anthropogenic disturbances (Allen 

2000, Blackmore and Vitousek 2000, Cabin et al. 2000, Cabin et al. 2002, Elmore and Asner 2006, 

Castillo et al. 2007, Cordell and Sandquist 2008, Brooks et al. 2009, Thaxton et al. 2010). In particular, 

large-scale wildfires have eliminated large portions of dryland forest in Hawaiói due to the buildup of 

alien grass biomass, creating a persistent grass-wildfire cycle (Hughes et al. 1991, DôAntonio and 

Vitousek 1992, Hughes and Vitousek 1993, DôAntonio et al. 2011).  This grassðfire cycle, where 

ecosystems that are heavily invaded by alien grasses are more likely to burn, and consequently are more 

likely to be further invaded by alien grasses, can limit the re-establishment of natives (Hughes and 

Vitousek 1993).  Furthermore, conversion of forests to grasslands due to fire can degrade and reduce 

habitat quality for game mammals.  The result of these combined factors is often habitat alteration and 

loss for Hawaióiôs native flora and fauna and consequent decline in populations and loss of native 

species.  

1.4.1.1 Feral Pigs (Sus scrofa) 

Pigs were the first ungulates (hooved mammals) introduced to the Central Pacific Islands by the earliest 

colonists to Hawaiói over 1000 years ago (Kirch 1982, Hess and Jacobi 2011).  In 1793, other pig 

varieties, notably the European boar, were introduced to Hawaiói and presumably hybridized with the 

pacific variety (Tomich 1969, Ziegler 2002, Nogueira-Filho et al. 2009).  Today, feral pigs are abundant 

in Hawaióiôs tropical forests.  Pigs disturb soil by rooting for invertebrates and they can act as vectors for 

the spread of invasive plant species such as banana poka (Passiflora tarminiana) and strawberry guava 

(Psidium cattleianum), (Diong 1982, Nogueira-Filho et al. 2009).  Notably, disturbances by pigs create 
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breeding grounds for mosquitoes which spread diseases among birds such as avian malaria and avian 

pox (LaPointe 2006).  Feral pigs are most abundant in the more mesic areas of Puóu Waóawaóa (above 

3500 ft elevation), though they do occur as low as 2500 ft in elevation. 

 

1.4.1.2 Feral Sheep (Ovis aries) 

Sheep were initially introduced to the island of Hawaiói by Captain George Vancouver in 1793 (Hess 

and Banko 2011).  Because of a lack of predators, feral sheep populations have increased dramatically in 

Hawaiói since their introduction.  Feral sheep are often considered grazers, preferentially consuming 

grass, but they can also browse woody vegetation such as mǕmane (Sophora chrysophylla) (Scowcroft 

and Giffin 1983).   Feral sheep can cause soil erosion and degradation when herds occur in high 

densities on steep slopes.  On Mauna Kea, damage to native vegetation due to grazing and browsing by 

feral sheep has been cited as one of the causes for the inclusion of 15 Hawaiian plant species in the list 

of threatened and endangered species in the U.S. (Ripley 1975, Scowcroft and Giffin 1983, 

www.issg.org).  In the Plan Area, aerial surveys conducted by DOFAW show that feral sheep are 

widespread in many areas, especially near the Puóu Lani Ranch subdivision in Puóu Anahulu.  A study 

of sheep movement patterns (2002-2005) in the Plan Area showed that sheep generally used well-

defined ranges, characterized by repeated movements back and forth across their established ranges.  

There were no instances of clear dispersal from one area to another.  Sheep were found more frequently 

in open areas during the morning and late afternoon periods, feeding in small herds.  On cloudy days, 

sheep tended to remain in more open areas for longer periods.  During the hottest portion of the day 

sheep were often found bedded down beneath the shade of trees or shrubs. The calculated home ranges 

for sheep in the Plan Area are 9.35 km
2
 for ewes and 12 km

2
 for rams. See appendix A for a detailed 

description of this study.   

 

1.4.1.3 Feral Goats (Capra hircus) 

Feral goats were likely first introduced to the island of Hawaiói by Captain James Cook in 1778 (Tomich 

1969, Stone and Anderson 1988).  They are currently present from sea level to higher elevations on all 

of the main Hawaiian Islands with the exception of LǕnaói and Kahoóolawe where they were 

successfully eradicated in 1981 and 1990 respectively (Hess and Jacobi 2011).  Feral goats are mainly 

considered browsers, consuming the vegetation of woody plants, but they also consume graminoids 

(grasses, sedges, and rushes) (Williams 1980).    By preferentially browsing on palatable tree species, 

goats limit or prevent the replacement of adult trees that form a native canopy (Scowcroft and Giffin 

1983, Stone and Anderson 1988, Hess and Jacobi 2011).  For example, by 1900 on the island of LǕnaói, 

large areas of the island were deforested due to the activities of sheep and goats that were introduced in 

the mid-1800s (Hess and Jacobi 2011).  Historically at Puóu Waóawaóa, large goat drives were 

conducted by early ranchers where goats were pushed to lower elevations at Kǭholo Bay and dispatched  

(Springer 2012).  In the Plan Area, aerial and roadside surveys conducted by DOFAW show that most of 

the goat populations occur below MǕmalahoa Highway surrounding the Big Island Country Club in Puóu 

Anahulu, though other populations exist near Puóu Waóawaóa itself and along the Highwa1.4.2 Habitat 

Management for Game Resources 

In order to provide sustainable public hunting opportunities in the Plan Area, areas outside of current 

and proposed exclosures will be available for inclusion in public hunting areas and managed as a 

sustained yield resource.  In this context, sustained yield of feral, non-native ungulates will be defined as 

maintaining sufficient game population abundance and productivity to provide sustained public hunting 
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opportunities (DOFAW Management Guidelines 2001
3
).  DOFAW will also take into account the needs 

of the hunting community when considering management actions in the Plan Area.  Management actions 

that enhance game population abundance (including but not limited to improving habitat quality, 

installation and maintenance of game guzzlers, and hunter quotas or bag limits) will be used to help 

facilitate an annual sustainable harvest.  

 

Natural resource management objectives in this HCP mandate that game mammal populations be 

removed from inside fenced exclosures. Game mammals have been observed utilizing much of the 

habitat that is located within the proposed fenced exclosure areas, as these areas tend to contain 

relatively good habitat (Miles Nakahara [formerly Hawaiói DOFAW] and David Okita [Volcano 

Helicopters], pers. comm.).  It is likely that alternate habitat (habitat outside of proposed fenced areas) 

will need to be enhanced in order to ensure a sustainable game mammal hunting program, to ensure a 

quality hunting experience which can be quantified by hunter success rates More quantifiable research 

gained through the Hawaiói Experimental Tropical Forest and other research activities in foraging 

behavior, seasonal patterns and movements, and habitat suitability will assist in managing these species 

across the landscape. 

 

 

1.4.1.4. Harvest and Hunting 

Portions of Puóu Anahulu Game Management Area and Puóu Waóawaóa Forest Reserve are actively used 

by hunters for both game bird and game mammal hunting.  Hunting is conducted by residents from all 

over Hawaiói for food, sport, recreation, and social interaction.  Formal public hunting programs at Puóu 

Waóawaóa Ranch date back to 1978, although this activity has a much longer history in the area, likely 

dating to pre-contact times.  Species subject to hunting include feral sheep, mouflon hybrid sheep, goat, 

pig, and game birds.  

 

All public hunting is currently administered via either manned or unmanned hunter check stations and 

requires hunting licenses and additional harvest tags for selected game. Game bird hunting in both Puóu 

Waóawaóa Forest Reserve and Puóu Anahulu Game Management Area is usually open during weekends 

and state holidays from November through January, and in March.  Game mammal hunting in Puóu 

Anahulu Game Management Area usually is usually open during weekends and state holidays from 

March to June. In Puóu Waóawaóa Forest Reserve, feral sheep and goats are harvested through the 

issuance of nuisance control permits and regular hunting processes.  Historical trends in Puóu Waóawaóa 

Forest Reserve show a sharp increase in the harvest of goats since 2007 with a corresponding decrease 

in sheep and pig harvest, which reached their peak in 2000 (Figure 1.3). These trends are driven by a 

combination of animal abundance and distribution, hunter preference and effort, and focal game species 

that are selected by wildlife officials, as well as bag limits. 

 

Information from biannual aerial surveys will be used in part to determine acceptable harvest limits that 

lead to sustained populations of game mammals in the Plan Area.  Adaptive management will be used to 

readjust harvest limits over time if necessary. For example, if sensitive areas are being affected by 

                                                           
3  The DOFAW Management Guidelines are being updated. Classification of management in the Plan 

Area may change based on the new guidelines. 
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mammal activities, such as quantifying limiting factors like soil erosion, browsing affects, then bag 

limits can be raised   

 

 
Figure 1.3. Historical trends in number of animals harvested (goat, sheep, and pig) from 1995 to 2012 at 

Puóu Waóawaóa Forest Reserve (includes both nuisance control permits and regular hunting processes). 

 
  

 

1.4.2 Habitat Enhancement for Game Mammals 

Planting and protection of seedlings are necessary to recover portions of degraded forest that were lost to 

fire and non-native ungulates.  To mitigate the previous loss of game mammal habitat, fast growing, 

non-invasive herb, shrub, and tree seedlings, both native and non-native, will be planted annually at 

multiple sites in the Plan Area that will be chosen by DOFAW staff.  These areas will be temporarily 

fenced and when these plants reach an age and height that allows them to escape the most harmful 

effects of ungulate browsing, fences will be removed so that game animals may use these areas. 

Currently, two such sites, both less than an acre in size, in the PAHGMA, have been fenced and are 

being prepped for outplanting of Kukui. To reduce fire threat, field crews will reduce fine fuel loads 

(e.g. fountain grass and kikuyu grass) around these enhancement areas and in nearby fuel breaks through 

manual cutting and herbicide application.  Habitat improvement through these techniques will provide 
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cover, bedding sites, and foraging opportunities for game mammals.  Habitat enhancement that provides 

food, water and cover will not only improve habitat for existing populations of game species, but may 

also be used as a management tool to draw animals away from ecologically sensitive areas. For this 

reason, game habitat enhancement areas will not be placed in close proximity to conservation 

exclosures.  

 

1.4.2.1 Food Plots 

Other common habitat management and game population management practices include the use of food 

plots (to provide supplemental food resources), prescribed burns (to enhance and promote the growth of 

grasses and other fire-adapted food resources), and mineral supplementation (to improve health and 

nutrient resources for game animals) (Yarrow and Yarrow 1999). These management techniques are 

used to enhance the habitat of game species to sustain healthy populations over the long term.  Food 

plots are used to help compensate for reduced food availability during fluctuations in resource 

abundance, but these will not be a substitute for properly managed habitat.  Food plots can also be used 

to concentrate game in certain areas.  To date, no food plots have been used in the Plan Area for game 

management purposes. Future food plots may use non-invasive plant species that are already found in 

Hawaiói.  Typically, plant species that are chosen for these plots are annual legumes that have high 

protein content, such as clover (e.g. species from the Genus Trifolium).  For example, recommendations 

for food plots for white-tailed deer (Odocoileus virginianus) in the Southeastern United States include 4 

to 5 percent cover of wheat and clover (Yarrow and Yarrow 1999). 

 

1.4.2.2 Mineral Supplementation 

Mineral supplementation is often used to supplement the diet of game mammals in areas with nutrient 

deficient or depleted soils, which have nutrient-poor forage. Mineral supplementation is usually 

provided by placing mineral blocks in the vicinity of a water unit.  The substrate age of much of the land 

within the Plan Area is between 2,000 ï 15,000 years old (Sherrod et al. 2007), and thus soil 

development is limited and nutrient poor.  Moreover, the dominant grass type is fountain grass 

(Pennisetum setaceum) across the landscape until ~2100 m elevation which then transitions into kikuyu 

(Pennisetum clandestinum)-dominated grassland (Wagner et al. 1999).  Fountain grass is neither highly 

palatable nor nutritious as a forage grass. It may be grazed intensively by sheep or cattle in early spring 

while shoots are tender and succulent.  However, livestock will usually graze other desirable species 

first and avoid fountain grass when given a preference (USDA 2012).  Kikuyu grass, however, is 

relatively high in protein and is a preferred foraging grass species for game mammals and other wildlife 

(Black et al. 1994).   Therefore, in areas dominated by fountain grass, occasional mineral 

supplementation may be necessary to maintain healthy game populations.  Mineral supplementation can 

help with growth, development, and also provide critical nutrients for physiological maintenance of 

body functions, especially in those areas dominated by fountain grass. 

 

 

1.4.3 Game Mammal Infrastructure  

Other game management activities include the installation and maintenance of game guzzlers (watering 

troughs), clearing and maintenance of 4 wheel-drive roads, and installation and maintenance of 

informational signage and hunter check stations. These actions are described in greater detail below. 
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1.4.3.1 Game Guzzlers and Cattle Troughs 

Water is needed by game mammals for important physiological processes such as digestion, body 

temperature regulation, and waste elimination.  However, the efficiency by which game mammals find 

and process water varies by species.  Some species can obtain daily water requirements by eating plants 

or from dew on forage, and water can become available through the digestive process when it is a 

metabolic by-product of breaking down fat and starches.  Precipitation in the Plan Area ranges from 27.9 

inches of mean annual rainfall at the Waihou I rain shed area near the Forest Bird Sanctuary, to less than 

10 inches on the northern borders along Kaóahumanu Highway (Giffin 2009; Giambelluca et al. 2013). 

Drought combined with nutrient poor forage causes game mammals to consume more vegetation to meet 

nutritional needs and water requirements.    

 

There are currently 24 game guzzlers and 41 cattle troughs scattered across different elevations and 

habitat types within the Plan Area, however not all the cattle troughs are functional at this time (see 

figure 1.4).  Game guzzlers are watering troughs connected to large water tanks that are fed by rain 

catchment systems (usually tin or plastic roofing with rain gutters that lead to water tanks).  Pipes from 

the water tank lead to a small trough with a float valve so that water will be re-filled in the container as it 

is emptied.  The float valve shuts off the water when the water reaches a certain level in the trough to 

prevent overflow. Similarly, cattle troughs are larger long narrow open tanks with a float valve to refill 

as it is emptied. For the purposes of this HCP both game guzzlers and troughs function as a water source 

for game animals. These water units may concentrate animal activity near the troughs because water is 

limiting for game mammals in dry forests due to lack of standing water. Game guzzlers will not be 

placed in areas with sensitive plant species that are unprotected (i.e. unfenced), and they may also be 

used strategically to draw animals away from sensitive areas.  No new guzzlers will be built until HCP 

implementation has begun.  This will help ensure that added water resources donôt increase population 

abundance of game mammals to a point at which they harm sensitive resources in areas that currently 

lack large exclosures. During the 25 year ITL permit duration, we anticipate a maximum of two new 

units installed annually, for a total of 50 new units.. Finally, all game guzzlers located within proposed 

exclosures will be either relocated or fenced off to restrict access to feral ungulates, leaving them 

accessible to game birds only. 
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Figure 1.4. Game guzzler and cattle trough locations in the Plan Area.  
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1.4.3.2 Maintenance of roads and fuel-breaks 

Access to hunting areas in the Plan Area is gained through the use of 4 wheel-drive roads that 

also act as fire-fuel breaks.  Currently there are approximately 370 km of roads and fuelbreaks 

within the Plan Area.  Both fountain grass and tree tobacco, as well as other non-native species 

such as fireweed (Senecio madagascarensis) heavily colonize these roads creating hazardous 

fuel loads and contributing to fire risk.  Previous catastrophic fires in this area have been 

attributed to ignition from hot catalytic converters from vehicles parked on tall dead grass.  To 

mitigate the threat of wildfire and allow hunting and management access, it is critical that roads 

be cleared of vegetation as needed through the use of chemical and mechanical removal 

methods.  Specifically, road clearing consists of manually cutting weeds as well as spraying 

herbicides that are approved for use in forests (Methods are described in the Impacts section 

5.2.2). 

 

1.4.3.3 Information signage 

To help facilitate smooth and efficient hunting activities for all parties involved, hunting 

boundaries, rules and guidelines, and protected and sensitive areas that are closed to access must 

be known by hunters.  In order to meet this objective, informational signage will be installed 

along hunting boundaries and in appropriate places along trails and roadsides (as well as at 

hunter check stations and hiking trail kiosks).  A hunter check-station, located just inside the 

main entrance of Puóu Waóawaóa, may be staffed during hunts. 

1.4.4 Research on Game Abundance 

Knowing the abundance of game species in the Plan Area is critical for making management 

decisions regarding harvest limits and acceptable impacts on habitat.  Game mammal abundance 

for feral sheep, goats, and pigs will be estimated by DOFAW staff using aerial surveys in the 

Plan Area.  Flight transects will be established that will be flown repeatedly, and flight time, 

belt-transect length, search time and protocol, and weather will be standardized so that repeated 

surveys will provide information on relative abundance.  Relative abundance estimates will 

provide an index of changing ungulate abundance over time.  However, more research on 

foraging, seasonal patterns and movements, and habitat use will improve future management 

decisions. 

 

Conservation and research efforts in the Plan Area have benefited greatly from the establishment 

of the Hawaiói Experimental Tropical Forest (HETF) Puóu Waóawaóa Unit in 2006.  The HETF 

was authorized by the Secretary of Agriculture in 1992 through passage of the Hawaiói Tropical 

Forest Recovery Act (Public Law 102-574, 1992).  Section 606 of the Hawaiói Tropical Forest 

Recovery Act states that the HETF shall be managed as a: (1) model of quality tropical forest 

management where harvesting on a sustainable basis can be demonstrated in balance with natural 

resource conservation; (2) site for research on tropical forestry, conservation biology, and natural 

resource management; and (3) center for demonstration, education, training, and outreach on 

tropical forestry, conservation biology, and natural resources research and management.  In 

2006, the Hawaiói DLNR Land Board approved a Cooperative Agreement between the USDA 

Forest Service and DLNR to manage the HETF, which include State Lands in Puóu Waóawaóa.  

In 2007, DLNR granted a use permit to the USDA Forest Service for the HETF for purposes of 

research, education, demonstration, and related purposes.  Currently, DOFAW and the USDA 

Forest Service work together to coordinate research, management, outreach, access, and 



 Draft  Working document ς DO NOT CITE. 

30 
 

education within HETF lands.  Future collaboration on research within the HETF relating to 

game mammal management will inform game management activities in other areas of the Plan 

Area.  

 

2.0 DESCRIPTION OF THE HCP 

2.1 PURPOSE AND NEED FOR THE HCP 

This HCP has been prepared to meet the requirements of the ESA and the HRS Chapter 195D, 

which apply to the management of game and maintenance activities associated with the proposed 

Plan.  An HCP is needed because components of the Plan have the potential to result in take of 

endangered and threatened species that inhabit or utilize the Plan Area, including: Blackburnôs 

sphinx moth and 15 plant species.  Under HRS Section 195D-4(g), DLNR will authorize take 

through the issuance of an ITL.  An HCP must be prepared in support of the application a state 

ITL.  The HCP establishes the measures and means required to meet the conservation needs of 

endangered and threatened species in the Plan Area, while at the same time preserving the 

DLNRôs ability to pursue its game management objectives with assurances that incidental take of 

Covered Species is authorized.  

  

The purposes of the HCP are to: 1) determine the potential impacts that the Plan may have on the 

listed species or species under consideration for listing; 2) address the potential incidental take of 

the listed species by setting forth measures that are intended to ensure that any take caused by the 

Plan will be incidental; 3) ensure that the impacts of the take will, to the maximum extent 

practicable, be minimized and mitigated; 4) provide procedures to deal with changed and 

unforeseen circumstances; 5) ensure that adequate funding for the HCP will be provided; and 6) 

ensure that the take of the listed species will not appreciably reduce the likelihood of the survival 

and recovery of these species in the wild.  Implementation of the HCP will provide a 

conservation benefit to the Covered Species. 
 
The need for the HCP is to authorize, pursuant to HRS Chapter 195D, the take of state-listed 

threatened or endangered species (or species under consideration for listing) incidental to the 

management activities of the Plan.  In order to obtain such authorization, the DLNR developed 

an HCP that meets issuance criteria for an ITL.  The HCP assists DLNR with regulatory 

compliance under HRS Chapter 195D, serving as a vehicle for obtaining regulatory stability and 

predictability.  

 

2.2 SCOPE AND TERM   

This HCP seeks to offset the potential impact of the proposed game mammal management 

activities on the listed species (i.e. Covered Species) with measures that protect and provide a net 

benefit to these species island-wide and statewide. The Applicant anticipates a 25-year Plan life, 

throughout which this HCP would be in effect. With monitoring and review by the ESRC 

(Endangered Species Recovery Committee) and DLNR, the provisions for adaptive management 

will allow mitigation of Plan impacts to be adjusted appropriately. Accordingly, this HCP 

includes provisions for monitoring and adaptive management to allow flexibility and 
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responsiveness to new information over the life of the Plan. Monitoring and adaptive 

management will be coordinated within DLNR. 

2.2.1 List of Preparers 

This HCP was prepared by State of Hawaiói, Department of Land and Natural Resources, 

Division of Forestry and Wildlife.  

 

 

2.3 SCHEDULE 

Implementation of this HCP will be done in three phases. Phase 1: Avoidance and Minimization 

Phase, years 0-5. Phase 2: Mitigation Phase, years 6-15, and Phase 3: Maintenance, years 16-25. 

There is considerable overlap between fencing exclosures that are used for 

avoidance/minimization and mitigation. In most cases, these fences units provide avoidance of 

take for a given species while also allowing for mitigation sites for additional Covered Species. 

In these cases, avoidance/minimization and mitigation activities may occur concurrently. What 

follows is a general description of activities within each phase of implementation. Management 

and monitoring activities are described in further detail in the monitoring section of this HCP 
(See section 8.2). 

The PWWMP is currently being implemented in the Plan Area, the activities and goals of this 

HCP overlap considerably and actions taken through PWWMP will work towards fulfilling 

avoidance/minimization and mitigation goals required for this HCP. Current management 

activities include outplanting, weed control, seed collection, fencing individual Covered plant 
species, and removal of ungulates from established fenced areas.  

Phase 1: 0-5 years: Avoidance and Minimization: 

Å Installation of Avoidance and Minimization fence exclosures (protection of  in situ 

(naturally occurring wild individuals) Covered Species) 

Å Initiate exclosure management: 

Å Upon the completion of fence construction, ungulates will be removed following 

ungulate control methods as outlined in State of Hawaiói Technical Report No. 

07-01, Review of Methods and Approach for Control of Non-native Ungulates in 

Hawaiói (DOFAW 2007). Ungulate removal will begin by driving the animals 

out, to the extent possible, followed by opening the units to controlled public 

hunting. Finally, DOFAW staff will trap, snare, and shoot any remaining 

ungulates.  

Å Reduce overall alien plant cover 

Å Conduct rodent and slug control (if necessary) 

Å Maintain fuel breaks around fence lines. 

Å Conduct quarterly fence line and ungulate ingress checks.  

Å Full census of each Covered Species within a given exclosure (within a year of 
installation) to re-establish baseline and add any losses to mitigation goal.  
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Å Begin using these exclosures to mitigate for additional appropriate species not currently 
occurring within the exclosures.  

Å Begin annual monitoring of in situ populations. 

Phase 2: 6-15 years: Mitigation: 

Å Install of remaining Mitigation fence exclosures  

Å Initiate exclosure management: 

Å Upon the completion of fence construction, ungulates will be removed following 

ungulate control methods as outlined in State of Hawaiói Technical Report No. 

07-01, Review of Methods and Approach for Control of Non-native Ungulates in 

Hawaiói (DOFAW 2007). Ungulate removal will begin by driving the animals 

out, to the extent possible, followed by opening the units to controlled public 

hunting. 

Å Reduce overall alien plant cover  

Å Outplant  to mitigation goal (+ expected % mortality) in appropriate exclosure for 
each Covered Species 

Å Conduct rodent and slug control (if necessary) 

Å Maintain fuel breaks around fence lines. 

Å Conduct quarterly fence line and ungulate ingress checks  

Å Initiate mitigation outplanting and monitoring 

Phase 3: 16-25 years: Maintenance 

Å Continue monitoring  

Å Initiate adaptive management based on monitoring results 

 

  



 Draft  Working document ς DO NOT CITE. 

33 
 

 

3.0 ENVIRONMENTAL SETTING 

3.1 GEOLOGY  

The Island of Hawaiói is relatively young on a geological time scale. Geologists estimate that the 

oldest lava flows are less than 500,000 years old (McDougall and Swanson, 1972).  HualǕlai, an 

active shield volcano, is the third oldest (130,000 years old) of the five volcanoes on the Island 

(Moore and Clague, 1992). The summit caldera is buried, but the mountain rises to a height of 

8,271 ft above sea level. Three major rift zones radiate from the top of HualǕlai. One of these, a 

poorly defined northern rift, extends through the Kalamalu area of Puóu Waóawaóa, and is about 

10 km long and 5 km wide. Lavas of HualǕlai are primarily Holocene in age, but some deposits 

date to late Pleistocene (Moore and Clague, 1991). The last eruption of HualǕlai occurred in 

1801 creating the Huehue lava flow. Another eruption is highly probable in the next 200 years, 

but could occur in the next few decades (Moore et al. 1987). Walker (1990) considered HualǕlai 
as potentially the most dangerous Hawaiian volcano. 

Seismic activity within HualǕlai is currently low and there is no evidence of magmatic 

movement such as occurs on Kǭlauea and Mauna Loa (Clague and Dalrymple, 1987). The last 

major earthquake at Puóu Waóawaóa occurred in 1929. This event consisted of several thousand 

tremors that came from a source beneath HualǕlai (MacDonald and Abbott, 1970). The quake 

was especially severe at Puóu Waóawaóa. Several ranch buildings were moved from their 
foundations and rock walls collapsed. 

HualǕlai's surface lavas are primarily alkalic olivine basalts. Tholeiitic basalts have been found 

offshore and in onshore drill holes (Walker, 1990). The volcano is virtually un-dissected, but a 

few intermittent streams are subject to flash flooding. Erosion will probably not have a 

pronounced effect on the mountain for a long time, possibly for tens of thousands of years 
(Peterson and Moore, 1987). 

Two historic lava flows dominate the Puóu Waóawaóa region. They are the 1859 flow from 

Mauna Loa and the 1800-1801 KaóȊpȊlehu flow from HualǕlai. Lava from these flows covered 

thousands of acres of native forest and was responsible for the destruction of several coastal 

Hawaiian villages and fish ponds. Both flows are poorly vegetated and only slightly weathered. 

Most substrates that are between these two historic flows originated from HualǕlai. These vary 
greatly in age and intermingle to form a mosaic pattern in the lava bed (Giffin 2003). 

3.1.1 Cinder Cones 

An extinct volcanic vent known as Puóu Waóawaóa cone and its associated 900-ft-thick lava flow 

(Puóu Anahulu ridge) are the oldest geologic formations on HualǕlai (100,000 + years old). This 

distinctive hill is over 1 mile in diameter and rises 1,220 ft above the surrounding landscape to a 

height of 3,967 ft elevation. Erosion, following a radial drainage pattern, has cut many gullies 

and ridges on the cone's slopes. This geologically unique landform is composed of trachyte 

pumice and contains scattered blocks of trachyte obsidian or black volcanic glass. Trachyte is 

one of the most silicic lavas known in Hawaiói (Walker, 1990). Due to its older age, high degree 

of soil development, and complex topography, Puóu Waóawaóa cone has greater botanical 
diversity and supports a different plant community than the surrounding area. 
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Vegetation on the cone can be classified as an Olopua (Nestegis) montane forest (Wagner et al., 

1990). At least 21 species of native trees have been reported from this rare mesic natural 

community.  Some like the MǕnele or soapberry (Sapindus saponaria) are found nowhere else in 

the region. Several other prominent cinder cones occur at Puóu Waóawaóa. These include Potato 

Hill, Puóu Iki, Poóohohoóo and Kileo cones. Poóohohoóoôs dual craters have been fitted with 

rubber liners to store water for ranch use. An asphalt catchment system collects water for the 

reservoirs. Many more small volcanic vents and cinder cones are scattered throughout the area, 

but most are unnamed (Giffin 2003). 

3.2 SOILS 

The most recent comprehensive soil survey of the Island of Hawaiói (USDA, 1973) shows 

several different soil types at Puóu Waóawaóa. Recent field surveys indicate that the deepest soils 

at Puóu Waóawaóa are the Waóawaóa series that occur on Puóu Waóawaóa cinder cone. They are 
almost 2 meters deep (Giffin 2003).  

The ages of HualǕlai lava flows have been summarized using correlations between soil depth and 

age (Moore and Clague, 1991). Little or no soil cover (except in wet forest areas) occurs on lavas 

less than 5,000 years old. On lavas between 5,000-10,000 years old there is 10-20 cm of soil. 
Flows over 10,000 years old accumulate soils more than 20 cm deep. 

3.3 CLIMATE  

The weather pattern at Puóu Waóawaóa is similar to that found along the Kona coast.  Mornings 

are generally clear and sunny. During the day, the surface of HualǕlai absorbs large amounts of 

solar radiation. This heats air over the mountain and creates updrafts. This rising air mass draws 

in moist marine air that condenses as it moves upward. The result is afternoon cloud cover and/or 

rain. The cycle reverses in the evening. Cold air descends from the mountain summit and drives 

cloud cover out to sea. Mean monthly temperatures measured at Halepiula rain shed were highest 

in September (71.6º F) and lowest in February (41.7º F). Winter frost sometimes occurs at upper 
elevations (Giffin 2003). 

Northeasterly trade winds have little influence on Puóu Waóawaóa because of its leeward location 

in respect to other large mountains. Winds are generally light, but increase slightly during the 

winter months. Strong frontal storms may pass through the area once or twice a year and winds 

can reach hurricane force. These storms often uproot large trees or break trunks and limbs. 

Volcanic smog or "vog", released by Kǭlauea Volcano, is often blown to west Hawaiói by the 

trade winds and trapped there under an inversion layer. This haze consists of sulfur dioxide, 

ammonium sulfate, and ammonium hydrogen sulfate. On windless days, this natural pollutant 

sometimes drifts in from Kona and blankets Puóu Waóawaóa. Vog usually persists until winds 

shift and cause it to be blown out to sea. Recent increases in volcanic activity, beginning in 

March 2008, have resulted in an increase of vog (SO2 emissions) in the Kona region. A study by 

Nelson and Sewake has shown that vog can negatively impact a number of native and introduced 

plant species with symptoms ranging from leaf yellowing and bleaching to plant death (2008). 

The study also suggests seed germination may be affected. At this time, it is unknown if the flora 
occurring in the Plan Area is being negatively impacted by increased SO2 levels.  
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3.4 HYDROLOGY  

Infiltration of rainwater, fog drip, and dew are the primary fresh water inputs in the Puóu 

Waóawaóa and Puóu Anahulu Ahupuaóa. Rainfall in the Project Area varies by topography and 

elevation. In general the southwest corner of the Project Area, the Forest Bird Sanctuary, 

receives the most rainfall. Precipitation gradually decreases when moving northeast as the 

elevation decreases. Precipitation in the Project Area ranges from 27.9 inches of mean annual 

rainfall at the Waihou I rain shed area near the Forest Bird Sanctuary, to less than 10 inches on 

the northern borders along Kaóahumanu Highway (Giffin 2009; Giambelluca et al. 2013). 

Differences in precipitation occur with increasing elevation (fig. 3.1). The rainfall zone changes 

from mesic at mid elevations to xeric at the upper and lower boundaries. Evaporation is 

relatively high, with over 100 inches of annual pan evaporation in the driest portion of the Plan 
Area (Ekern and Chang 1985). 

Due to the high permeability of the Mauna Loa and HualǕlai basaltic lava flows, there are no 

perennial streams in the Project Area. Surface flow is minimal and generally restricted to short-

duration flash events. Subsurface water movement down to the groundwater aquifers is the main 

form of water transmission (DLNR 2003). The Plan Area lies on two aquifer units, the Kǭholo 

Aquifer System Area and the óAnaehoóomalu Aquifer System Area. The Kǭholo Aquifer is on 

the northeast rift zone of Mt. HualǕlai with an estimated sustainable yield of 18 million gallons 

per day. The óAnaehoóomalu Aquifer System Area extends from the summit of Mauna Loa 

northwest to the western shores of óAnaehoóomalu, and has an estimated sustainable yield at 30 

million gallons per day. (Lau and Mink 2006; Fukunaga and Associates 2010). 

Groundwater wells and rain water catchment systems are the two major sources of water supply 

in the area. Three man-made reservoirs are present and include two at Poóohohoóo and one in the 

Hauaina exclosure (DLNR 2003). The Poóohohoóo reservoirs are fed by rain catchment. The 

upper, smaller reservoir is partially functioning, and the lower, larger reservoir is non-functional. 

The reservoir at Hauaina is fed by rain as well as inputs from a well. There are two wells near the 

Project Area. One is on Puóu Waóawaóa Ranch property and supplies a majority of the water 

users. The other, Old Kǭholo Well, is no longer functioning, likely due to damage from an 

earthquake.  
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 Figure 3.1. Moisture zones within the Area of Potential Impact. The Plan Area is outlined in 

red.  
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3.5 FLORA   

Covered Species likely to be impacted by Plan activities were identified through consideration of 

previous botanical surveys, on-the-ground botanical surveys performed as part of the HCP 

process, and previous biological assessments done in the area.  The results of these surveys are 

included in this section.  Following survey results, short description of species, their historic and 

current distribution, and habitat needs follow. Plants known to currently and historically occur 

within the Plan Area are listed in Appendix B. The areas encompassed by the Plan Area 

represent a highly diverse array of habitat types, ranging from dry shrublands and forest, to 

mesic-wet forest and subalpine shrubland. The dry forests of Hawaiói were once host to some of 

the worldôs most unique and diverse flora and were richer in tree diversity than comparable areas 

of wet forest (Rock 1913; Carlquist 1980; Sohmer and Gustafson 1987).  Dry forest systems 

have experienced a rapid and significant loss of area throughout the world (Murphy and Lugo 

1986; Janzen 1988; Bullock et al. 1995), and in Hawaiói, these communities have now been 

reduced to approximately 10% of their former extent (Bruegmann 1996; Mehrhoff 1998). 

Extensive impacts on and alterations of these Hawaiian ecosystems began with the agricultural 

and hunting practices of the early Polynesians, their use of fire for land clearing, and the 

introduction of non-native animals such as the Polynesian rat (Rattus exulans) (Kirch 1982; 

Sadler 1999; Burney et al. 2001; Athens et al. 2002). This deterioration and loss accelerated after 

the arrival of Europeans through the introduction of ungulates such as cattle, sheep, pigs, and 

goats; further land clearing for agriculture and development; accidental and intentional fires; and 

the introduction of aggressive weeds, including fire-carrying grasses such as fountain grass 

(Stone 1989; Cuddihy and Stone 1990; Loope 1998). The North Kona region of the island of 

Hawaiói contains some of the largest remaining dry forest remnants in Hawaiói (Giffin 2003). 

 

3.5.1 Vegetation Zones (Giffin 2003) 

Several different ecological regions are present at Puóu Waóawaóa and Puóu Anahulu. Starting on 

the upper slopes of HualǕlai and continuing downward, the following zones can be recognized: 

subalpine (generally above 6,000 ft.), montane (2,500-6,000 ft.), lowland (below 2,500 ft.) and 

coastal (sea level). A variety of vegetation communities occur within each zone. At mid 

elevations, montane dry woodlands dominate the eastern side of Puóu Waóawaóa while moister 
montane mesic forests lie to the west. 

Rare plants are found in all vegetation zones at Puóu Waóawaóa and Puóu Anahulu. At least 40 

rare plant taxa have been reported from the area to date. Of these, 22 are officially listed as 

endangered or are proposed endangered species. Botanical surveys reveal that a great number of 

plants have been extirpated at Puóu Waóawaóa in recent years. These include the endangered and 

threatened Bonamia menziesii, Asplenium dielerectum, Gardenia brighamii, Ochrosia 

kilaueaensis, Dissochondrus biflorus, Mariscus fauriei, and Nesoluma polynesicum. Many of 

these species still exist on adjacent lands, particularly at KaóȊpȊlehu. Some rare plants, such as 

Asplenium peruvianum var. insulare, have only been found in lava tube openings where they are 
protected from ungulate damage. 

Subalpine Zone 

This zone is found at upper elevations on HualǕlai and other high volcanoes in Hawaiói. Plants 

growing here are adapted to relatively dry conditions and dramatic temperature fluctuations. 
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Days are typically hot and nights cold. These forests at Puóu Waóawaóa are characterized by 

open, low stature óǽhióa trees (Metrosideros polymorpha) and scattered stands of native shrubs 

and grasses. Dominant understory species are PȊkiawe (Leptecophylla tameiameiae), ᾶǽhelo 

(Vaccinium spp.), óAóaliói (Dodonaea viscosa), and various sedges and rushes. Native mints, 
lilies, and ferns often grow abundantly in shaded areas like lava tube openings.  

Montane Dry Forest Zone  

This zone is found directly below the subalpine zone on the eastern side of Puóu Waóawaóa. 

Many rare and endangered plant species are found in this habitat type. Vegetation damage by 

feral ungulates, particularly goats and sheep, is widespread. These forests are dominated by 

óǽhióa, Naio and óAóaliói. Scattered stands of MǕmane, ᾶIliahi (Santalum paniculatum) and 

ᾶAkoko (Chamaesyce olowaluana) are also present. Non-native grasses, such as fountain grass 

(Pennisetum setaceum) and weeds, such as fire weed (Senecio madagascariensis) have replaced 

most native understory species. Covered plant species that occur in the montane dry forest are 

Asplenium peruvianum var. insulare, Stenogyne angustifolia, Hawaiian Catchfly, and Aóe 

(Zanthoxylum hawaiiense). Eragrostis deflexa, a native grass and SOC is scattered throughout 
the Plan Area above 4,000 ft elevation.  

Montane Mesic Forest Zone  

This zone is relatively moist, but not as wet as rain forests. The mesic forest supports a rich 

assemblage of vascular plant species. It is best represented in the Forest Bird Sanctuary. Koa and 

óǽhióa are the dominant overstory tree species. KǾlea (Myrsine lessertiana) dominates the mid-

story, while native short-stature trees and shrubs make up the understory. Introduced grasses, 

primarily Kikuyu (Pennisetum clandestinum), and native ferns, especially Laukahi (Dryopteris 

spp.), cover the ground in forest openings. Other ferns such as HǾᾶiᾶo (Athyrium 

sandwichianum), ᾶAkolea (Athyrium microphyllum), and Palapalai (Microlepia strigosa) are 

common in wetter, shaded areas. No tree fern stratum exists although HǕpuóu (Cibotium 
glaucum) is scattered throughout the forest. 

Two species covered under this HCP, óAiea, Aóe (Zanthoxylum dipetalum var. tomentosum), 

occur in the lower mesic zone. óAiea is a stout tree in the nightshade family (Solanaceae). The 

montane mesic forest at Puóu Waóawaóa changes from a Koa/óǽhióa community to an open-

canopied óǽhióa/ MǕmane community at about 4,200 ft elevation. This latter woodland is a 

transitional vegetation type that descends to about 3,000 ft elevation. Although greatly altered, it 

is still an important conservation link between the moist montane and dry forest types. 

The óǽhióa/ MǕmane woodland supports many rare and endemic  plants and is still one of the 

most botanically diverse sections at Puóu Waóawaóa. Trees that characterize this zone include 

Koa, óAkoko, óIliahi (Santalum paniculatum), KǾpiko (Psychotria hawaiiensis), PǕpala 

(Charpentiera obovata), PǕpala kǛpau (Pisonia brunoniana), Poóola (Claoxylon sandwicense), 

Aóiaói (Streblus pendulinus), Olopua (Nestegis sandwicensis), and HǾóawa (Pittosporum 

hosmeri). The understory is composed primarily of non-native pasture grasses, but scattered 

stands of Kuluói (Nototrichium sandwicense), mint (Stenogyne rugosa), and ferns (Dryopteris, 
Pteris, Asplenium) still persist. 

Lowland Dry Forest Zone 

This zone occurs below the montane forests. Lama (Diospyros sandwicensis) and óǽhióa are the 

dominant tree species and occur in both mixed and pure stands. Other less common trees include 
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Alaheóe (Psydrax odoratum), Wiliwili ( Erythrina sandwicensis), ᾶOhe makai (Reynoldsia 

sandwicensis), Hala pepe (Pleomele hawaiiensis), and Kauila. The rare Lama and Lama/Kauila 

plant communities are restricted to this zone at Puóu Waóawaóa. Descriptions of Puóu 

Waóawaóaôs lowland dry forests and information on their floristic composition were presented in 
detail by W. Takeuchi (1991) and The Nature Conservancy (l992). 

Endangered plants of the lowland dry forest are Maóo hau hele , Uhiuhi, Kokióo, Kauila  and 

Hala pepe. Koaióa (Acacia koaia) is a species of concern. 

 

3.5.2 Previous Botanical Surveys in the Plan Area  

Data were compiled from a number of sources documenting the locations of rare and endangered 

species found within Puóu Waóawaóa and Puóu Anahulu. The data were then used to guide survey 

efforts in 2003-2007 for this Plan, in order to calculate baseline species numbers and locations, 

and to update and identify areas for conservation efforts within the Plan Area. The original data 
sources included in this review were: 

1. The Heritage Database (Hawaiói Natural Heritage Program/Hawaiói Biodiversity and 

Mapping Program): Maps the occurrences of listed species in Puóu Waóawaóa and Puóu 

Anahulu.  The primary source of these data is from botanical surveys conducted along 

DOFAW Forest Bird Survey transects in the early 1980s.  The landscape has been greatly 

altered in the 30 years since these surveys and many of the individuals are no longer 
extant. 

2. Shaw, Castillo, and Close; Puóu Anahulu, 1997: This was a general botanical survey with 

an emphasis on threatened and endangered species.  These data focused search efforts 

within Puóu Anahulu and upper Puóu Waóawaóa during subsequent HCP surveys.  In the 

years since this survey, frequent wildfires and the subsequent invasion of fountain grass 

(Pennisetum setaceum) have profoundly altered plant communities.  Soil kǭpuka located 

on the Keamuku flow, which were relatively free of fountain grass in 1997, are now 

overgrown by fountain grass.  The result is a drastic reduction of available habitat for 

listed species.  For example, Shaw et al. (1997) mapped the distribution of 12 individuals 

of Melicope hawaiiensis on the Keamuku flow. None of these individuals were found 

during subsequent HCP surveys and no recruitment of Melicope hawaiiensis has since 
been observed. 

3. Lyman Perry, Hawaiói District Botanist (DOFAW), 1999-2004: Rare plant locations 

mapped during periodic surveys within Puóu Anahulu and Puóu Waóawaóa.   

4. Steve Evans (U.S. Army Pohakuloa Training Area): Locations of rare plants on adjacent 

Pohakuloa Training Area (data property of U.S. Army and not included as appendix).  
This information guided survey efforts in the upper Puóu Anahulu region. 

5. Arnett survey, 2002: Survey of the recently-acquired Keamuku Parcel. 
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3.5.3 Plan Specific Botanical Surveys 

3.5.3.1   2003-2007 Surveys 

Botanical surveys were conducted in the Plan Area from 2003 to 2007 to determine locations of 

rare and endangered species located within the Plan Area.  The Plan Area is too large to survey 

completely; therefore a stratified systematic sampling scheme was utilized.  Survey areas were 

stratified based on the following parameters: the likelihood of harboring listed species, mid-scale 

ecological conditions, predicted habitat parameters, as well as input from expert knowledge of 

the area. Previous survey maps, wildfire history, and lava flow substrate maps were used to 

select areas likely to harbor listed species.  Consultations with Miles Nakahara and Lyman Perry 

(Hawaiói DOFAW), Mick Castillo (Hawaiói Natural Resource Services), and James Kwon 

(USFWS) also assisted in identification of these areas of high likelihood.  These areas of 

potential habitat for listed species were then subject to systematic survey by a trained botanical 

survey crew.   

Large portions of Puóu Anahulu and Puóu Waóawaóa (particularly makai of Highway 190) have 

suffered repeated wildfires in the past two decades and prior (fig. 3.2). The fires and subsequent 

fountain grass invasion have virtually eliminated native species from most of these areas.  Plan 

survey efforts were therefore focused on remaining intact kǭpuka in upper Puóu Anahulu and 

Puóu Waóawaóa.  In most cases, the surveyed areas have been spared from fires because the 
substrate is rough ᾶaᾶǕ  lava and does not yet support a blanket of fire-carrying fountain grass. 

A large portion of the HCP surveys were carried out along systematic transects (fig. 3.3).  Survey 

teams were comprised of two trained botanists who walked roughly parallel lines along each 

transect, navigating between waypoints with a hand-held Garmin 12 XL GPS unit.  Transects 

were positioned 1 km apart oriented along the contour of the land in most cases, following 

waypoints every 500 m along transect pathways.   

Using the Garmin GPS units, tracks were recorded at two minute time intervals, along all 

transects.  Survey crews generally followed a straight transect, but could meander along transects 

in order to inspect nearby vegetation, and to search the area once a rare plant was located.   

Approximately 144 km of transects were surveyed (fig. 3.3).  Results from systematic transects 
are included in baseline population estimate calculations. 

The other survey method employed was ñguided searching,ò or sampling targeted to areas with 

high likelihood for occurrence of rare plant species (fig. 3.3).  Guided searches were conducted 

by two or more botanists searching in a ñfree formò manner in an area where a particular plant 

species of interest was likely to occur.  Area selection for guided searches was based on elements 

such as past known locations, preferred substrate age and type, elevation, moisture level, and 

proximity to other known plant locations.  GPS units were carried during guided searches and 

tracks were recorded at 2-minute time intervals (fig. 3.3).  Successive guided searches were 
planned after reviewing the coverage and success of earlier search efforts.   

Botanical surveys focused on endangered and threatened species.  However, the location of 

locally rare species and SOC were also mapped. For all endangered and threatened species, the 

following data were recorded: date, time, UTM, elevation, aspect, topography, slope, age, vigor, 

reproductive status, height, diameter at breast height (dbh), presence/absence of ungulate 

damage, substrate type, and   habitat description (based on Jacobi, 2002). For non-listed locally 
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rare species, the following data were recorded: number, UTM, date, time, vigor, reproductive 
status, height, dbh, and notes.  

Sixteen endangered plant species, totaling 2,242 individuals, as well as nine SOC totaling more 

than 9,000 individuals were identified and mapped during the 2003-2007 surveys (Table 3.1).   

 

 

 

Figure 3.2. Locations of historical fires in the Plan Area.  
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Figure 3.3. Ground (transects and guided searches) and aerial (helicopter) botanical survey 

tracks completed during the 2003-2007 and 2011 survey periods totaling 144 km survey 

transects. 
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Table 3.1. List of species and number of individuals found during 2003-2007 botanical surveys.   

 

Scientific Name Common Name # of Individuals 

Endangered   

Asplenium peruvianum n/a 65 

Caesalpinia kavaiensis Uhiuhi 50 

Colubrina oppositifolia Kauila 735 

Haplostachys haplostachya Honohono 126 

Hibiscus brackenridgei Maᾶo hau hele 65 

Kokia drynarioides4 Kokiᾶo 2 

Neraudia ovata n/a 7 

Nothocestrum breviflorum ᾶAiea 47 

Pleomele hawaiiensis Hala pepe 320 

Phyllostegia velutina5 n/a 35 

Silene lanceolata Hawaiian Catchfly 419 

Solanum incompletum PǾpolo kȊ mai 14 

Stenogyne angustifolia n/a 97 

Vicia menziesii n/a 4 

Zanthoxylum dipetalum var. 
tomentosum 

Aᾶe 14 

Zanthoxylum hawaiiense Aᾶe 234 

Species of Concern   

Alphitonia ponderosa Kauila 42 

Eragrostis deflexa n/a 732 

Chamaesyce olowaluana ᾶAkoko 473 

Erythrina sandwicensis Wiliwili  11 

Exocarpus gaudichaudii Hulumoa 35 

Fragaria chiloensis ᾶǽhelo papa 9 

Melicope hawaiiensis Manena 34 

                                                           
4 Kokia drynariodes: The 2 individuals found during surveys have since died. 
5 Phyllostegia velutina and Vicia menziesii are both located within the FBS where no game 

management occurs, and are therefore not Covered Species. 
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Scientific Name Common Name # of Individuals 

Reynoldsia sandwicensis ᾶOhe makai 21 

Sisyrinchium acre o Mauᾶu lǕᾶili 

 

64 

Stenogyne macrantha n/a 1 

Tetramalopium consanguineum n/a 8000+ 

Tetramalopium humile n/a 2 

 

3.5.3.2   2011 Surveys  

The data collected during the 2003-2007 botanical surveys (table 3.2)  were used to create a 

model (in conjunction with habitat type, species ranges, and moisture regime) to predict where 

within the Plan Area it is most likely to find Covered plant species in unsurveyed areas (see 

Modeling Section for further details). From this analysis, new areas to be surveyed were 

highlighted, and surveys were conducted in summer of 2011. A total of approximately 35 miles 

of transect were surveyed, primarily in the lower dry forest areas within the Plan Area, and 

additional transects were surveyed in the mauka areas abutting the Forest Bird Sanctuary (fig. 

3.4). The data collected during these surveys was used to update the plant population model and 

assist in developing more accurate take values for a number of the Covered Species (please see 
section 5.3 Estimating Plan Related Impacts for more information).  

 

Table 3.2. List of species and number of individuals found during 2011 botanical surveys.  

Scientific Name Common Name # of Individuals 

Endangered   

Colubrina oppositifolia Kauila 88 

Nothocestrum breviflorum 6 ᾶAiea 46 

Pleomele hawaiiensis Hala pepe 18 

   

   

 

 

                                                           
6   Number of individuals found does not necessarily reflect previously undetected individuals as 

some of the areas surveyed in 2011 were previously surveyed in the 2003-2007 surveys. 
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3.5.4 Covered Species in the HCP 

 

Plant Extinction Prevention Program 

The Plant Extinction Prevention Programôs mission is to protect Hawaióiôs rarest native plants 

from extinction focusing on those species with fewer than 50 individuals remaining.  Currently 

on Hawaiói Island, currently approximately 85 species are managed by the PEPP program by 

activities including: collection of fruits, cuttings, and seeds from each species for propagation 

and storage; monitoring of plants in the wild; surveying of additional areas for future 

conservation actions; minimization of threats to survival of individuals or populations (fencing, 

ungulate control); and), propagation and reintroduction of plants into protected areas (K. Bio, 

personal communication). Those Covered Species which are considered PEP species are defined 

within this section (table 3.3).  

 

Critical Habitat Designation 

Critical Habitat (CH) is defined in Section 3 of the ESA as: (1) The specific areas within the 

geographical area occupied by a species, at the time it is listed in accordance with the Act, on 

which are found those physical or biological features (a) essential to the conservation of the 

species and (b) which may require special management considerations or protection; and  

(2) Specific areas outside the geographical area occupied by a species at the time it is listed, upon 

a determination that such areas are essential for the conservation of the species. In 2003, the 

USFWS designated critical habitat for 46 plant species on the Island of Hawaiói. Of those 46 

species, eight species are Covered Species under this HCP. The USFWS is currently proposing a 

new CH designation for three additional species (Bidens micrantha ssp. ctenophylla, Uhiuhi, and 

Isodendrion pyrifolium) of which one of these species (Uhiuhi) is a Covered Species under this 

HCP.  For those Covered Species with a CH designation within the Plan Area, maps showing 

critical habitat and exclosures locations are provided below.  

Asplenium peruvianum var. insulare 

Description: Asplenium peruvianum var. insulare is a fern of the spleenwort family 

(Aspleniaceae) with a short sub-erect stem. The leaf stalks are 2-6 in (5-15 cm) long. The main 

axis of the frond is dull gray or brown, with two greenish ridges. The long and narrow fronds are 

thin-textured, bright green, 9-16 in (23-41 cm) long, 0.8 in (2 cm) wide above the middle, and 

pinnate with 20-30 pinnae or leaflets on each side. The pinnae are rhomboidal, 0.3 in (7 mm) 

wide, and notched into two to five blunt lobes on the side towards the tip of the frond. The sori 

(spore-producing bodies) are close to the main vein of the pinna, with one to two on the lower 

side and two to four on the upper side. The Hawaiian fern species most similar to A. peruvianum 

var. insulare is A. macraei. The two can be distinguished by a number of characteristics, 

including the size and shape of the pinnae and the number of sori per pinna.  

  

Historic and Current Distribution: A. peruvianum var. insulare was known historically from East 

Maui, where it was recorded from the north slope of HaleakalǕ and Kanahau Hill. On the island 

of Hawaiói, this fern was found historically below Kalaieha, Laumaia, Keanakolu, and Umikoa 

on Mauna Kea; Puóu Waóawaóa on HualǕlai; west of Keawewai, above Kǭpuka Ahiu on Mauna 

Loa; and near Hilo.  
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This species has eight extant populations on the island of Hawaiói at elevations between 5,250 

and 7,800 ft (1,600 and 2,400 m). A ninth occurrence was recently reported from East Maui, in 

Hanawi NAR. The current populations on Hawaiói are located at Puôu Huluhulu, Pohakuloa 

Training Area (nine subpopulations), Kulani Correctional Facility, Keauhou, the Mauna Loa 

Strip Road in Hawaiói Volcanoes National Park, Kapapala Forest Reserve, KaóȊ Forest Reserve, 

and the summit area of HualǕlai. The largest population of this fern occurs at Pohakuloa Training 

Area; monitoring in 1995 put total numbers at about 200 plants, a slight reduction in numbers 

from 1992. The nine known populations on Federal, state, and private land totaled approximately 

278 plants in 1995. At Puóu Waóawaóa, this species was only found in moist lava tubes or pit 
craters at 4,200-6,500 ft elevation, with most individuals occurring above 5500 ft.    

Habitat: This fern is found on the island of Hawaiói in ᾶǽhiᾶa dry montane forest, óAóaliói dry 

montane shrubland, Naio/ MǕmane dry montane forest, ᾶǽhiᾶa /Koa forest as well as subalpine 

dry forest and shrubland. A. peruvianum var. insulare grows almost exclusively in lava tubes, 

pits, deep cracks, and lava tree molds, with at least a moderate soil or ash accumulation, 

associated with mosses and liverworts. This fern has been found growing infrequently on the 

interface between younger lava flows and much older pahoehoe lava or ash deposits. The 

population recently found on Maui is growing in montane wet ᾶǽhiᾶa forest in a rocky gulch with 

other species of ferns. Although this plant is found in habitats with three different moisture 

regimes, the micro-habitat for A. peruvianum var. insulare is fairly consistent. The fern generally 

occurs in areas that are moist and dark; its relatively specialized habitat requirements may 

account for its apparently patchy distribution. Reproductive cycles, longevity, specific 

environmental requirements, and limiting factors are unknown. Critical Habitat has been 
designated for this species, however, the CH is outside of the Plan Area (USFWS 2003). 

 

Uhiuhi (Caesalpinia kavaiensis) 

Description: Uhiuhi, a member of the pea family (Fabaceae), is a tree that can grow up to 10 

meters (33 ft) tall, with trunks that have dark gray bark with rough rectangular or oblong plates. 

The flowers are perfect (with both male and female organs) with a pink to rose calyx and red 

anthers borne in terminal racemes that are pink to red in color. Uhiuhi has pink seedpods that are 
winged on one side, making this a very attractive tree (Wagner et al. 1999). 

Historic and Current Distribution: Uhiuhi is endemic tree to the Hawaiian Islands and was once 

widespread on the islands of Kauaói (Waimea Canyon), Oôahu (Waiôanae Mountains), west 

Maui, North Kona District, Hawaiói, and LǕnaói. Today, Uhiuhi is extinct on LǕnaói and is now 

found only on Oóahu (Central Waiôanae Mountains), Hawaiói (HualǕlai), and one wild plant was 

recently found on Kauaói in Waimea Canyon (NTBG 2013).  Wagner (1999) reported there were 

fewer than 50 individuals known, however recent surveys indicate many more individuals 

persist. 50 Individuals were found in Puóu Anahulu makai from 800-1,600 ft elevation during the 

2003-2007 HCP surveys.  A small population also occurs at similar elevation south of Waikoloa. 

Habitat: Uhiuhi is restricted to dry or mesic forests between 80 to 920 m (262 to 3,018 ft) 

elevation. Associated native species include óAóaliói, Lama, óǽhióa, Alaheóe, Wiliwili, 

ᾶǔweoweo, and KauilaC.. Critical habitat has been proposed but not yet designated for this 

species (fig. 3.4). 
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Figure 3.4. Proposed critical habitat for Uhiuhi within the Plan Area. 
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Kauila (Colubrina oppositifolia) 

Description: Kauila, a member of the buckthorn family (Rhamnaceae) is a tree approximately 

16-40 ft (5-13 m) tall, with extremely hard red wood. Opposite, oval-shaped leaf blades are 2.4-

4.7 in (6-12 cm) long and 1.2-2.8 in (3-7 cm) wide.  Leaf blades are thin, dull green on the upper 

surface, and olive green beneath.  Two kinds of glands occur on the lower surface: small black 

glands near the margin and small glandular projections in the axil of the leaf vein.  Leaf stalks 

are 0.6-1.2 in (1.4-3 cm) long.  Lance-shaped stipules are fused at the base of each pair of leaves.  

Ten to 12 flowers are arranged on a flower cluster stalk 0.1-0.3 in (3-8 mm) long.  Each flower is 

subtended by a flower stalk 0.07-0.1 in (2-3 cm) long, which increases in length as the fruit 

matures.  Five sepals are triangular and about 0.06-0.08 in (1.5-2 mm) long.  Five green-yellow 

petals are about 0.06 in (1.5 mm) long.  Fruits are brown, almost round, about 0.3-0.4 in (8-11 

mm) long, and explosively split apart, discharging oval or oblong, black, shiny, hump-back 

seeds, 0.2-0.3 in (6-8 mm) long and 0.1-0.2 in (4-5 mm) in diameter.   

This species is readily distinguished from the other species in Hawaiói by several characters:  
opposite leaf position, dull leaf surface, and entire leaf margins (Wagner et al. 1990). 

Historic and Current Distribution: Kauila is known from Oóahu, Maui and the Big Island.  

Historic populations are known from the central and southern Waianae Mountains on Oóahu, and 

from the Kohala mountains; western, southwestern, and southern slopes of Mauna Loa; and 

northern slopes of HualǕlai on the Big Island. Six populations on the Big Island are distributed 

on the northern slope of HualǕlai and near the extreme southern part of the island, on State and 

privately owned land.  Previously there were thought to be 200-300 individuals at Puóu 

Waóawaóa, however, recent HCP surveys indicate the population at Puóu Waóawaóa consists of at 

least 735 individuals.  This species was found primarily at 1,600-2,800 ft elevation in Puóu 

Waóawaóa, with some individuals at higher elevation on the Puóu Waóawaóa cinder cone, and 
three individuals found in Puóu Anahulu at 2,400 ft. 

Habitat: Kauila occurs in lowland dry and mesic forests.  The dominant species of these forests is 

Lama.  Individuals are found at elevations between 800 and 3,000 ft (240-910 m), sometimes on 

ᾶaᾶǕ lava flows and associated with Alaheóe and óOhe makai. Critical habitat was designated for 
this species in 2003 (fig. 3.5) (USFWS 2003). 
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Figure 3.5. Critical habitat for Kauila within the Plan Area. 
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Honohono (Haplostachys haplostachya) 

Description: Honohono is an erect sub-shrub in the mint family (Lamiaceae) growing up to 1.5 

m. The leaves are fleshy, narrowly cordate and the upper surfaces are green, rugose and densely 

puberlent. Leaf lower surfaces are densely white tomentose. The inflorescence is racemose with 
white tubular flowers. Reproduction is through seed and basal sprouting (Wagner et al 1999).  

Historic and Current Distribution: Honohono was once present on the islands of Kauai, Maui, 

and Hawaiói. It is found at Pohakuloa Training Area and at Puóu Anahulu. In the Plan Area, 

Honohono is found at 4,200 ft elevation on a Mauna Kea lava flow (14,000-65,000 years old), in 

a kǭpuka on the Keamuku lava flow.  These are the only known plants that occur on State lands. 
This species is currently under evaluation to determine PEPP status (Table 3.3). 

Habitat: Honohono grows in dry exposed areas on lava, shallow soils, and lava outcrops. Historic 

accounts indicate it was once found as component within the upper forest zone along with 

stunted vegetation (USFWS 2003). At PTA, this species is found in óAkoko tree land, open 

ᾶǽhiᾶa forest with dense shrub understory, and open óAóaliói mixed shrubland. This species has 

been noted growing almost exclusively on Mauna Kea lava flows (U.S. Army 2003). Critical 
habitat has not been designated for this species.  

 

Maóo hau hele (Hibiscus brackenridgei ssp. brackenridgei) 

Description: Maóo hau hele is a shrub in the malvaceae and can sometimes become a small tree 

growing up to 30 ft tall. When planted as an ornamental, it is most often a 3 to 15 foot tall shrub 

with a diameter of 8 to 15 ft. Young plants have smooth tan trunks; the trunks of older plants 

have a wrinkled appearance. The fuzzy leaves have toothed edges; three, five, or seven lobes; 

and are up to 6 inches long and equally wide. The large flowers are 4 to 6 inches in diameter. 

They are yellow, generally with a maroon center, and form singly or in small clusters at the ends 

of the branches. The staminal column is yellow. Garnett reports that the flowers open between 2 

and 4 p.m. and close between 9 a.m. and 1 p.m.  Spring through early summer is the main 

blooming season with occasional flowers during the rest of the year. It is native to dry forests and 
shrub lands at elevations from 400 to 2,600 ft.  

Historic and Current Distribution: Maóo hau hele is endemic to the Hawaiian Islands, it is found 

on all the main Hawaiian Islands except Ni'ihau and Kaho'olawe, but it is not common in any 

location (Wagner 1990). This species has three recognized subspecies: H. b. ssp. brackenridgei, 

H.b. ssp. mokuleianus, and H.b. ssp. molokaianus. Hibiscus brackenridgei ssp. brackenridgei is 

known from the islands of Molokaói, LǕnaói, Maui, and Hawaiói Island. Subspecies mokuleianus 

is only known from Kauaói and Oahu and subspecies molokaianus is only known from Molokai. 

Currently, the only known wild population of Maóo hau hele is found in one exclosure on the top 

of Puóu Anahulu bluff across from the hunter check station at Puóu Waóawaóa at 2,400 ft 

elevation. 

Habitat: Maóo hau hele occurs in lowland dry to mesic forest and shrubland from 425-2,625 ft 

(130-800 m) in elevation. Associated plant species include óAóaliói, Alaheóe, Wiliwili, óOhe 

makai, and óIlima. Critical habitat was designated for this species in 2003 (fig. 3.6) (USFWS 

2003). 
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Figure 3.6. Critical habitat for Maóo hau hele within the Plan Area. 
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Kokióo (Kokia drynarioides) 

Description: A tree in the malvaceae grows to heights of 8 m tall, with shallowly lobed leaves 

and with large, ornamental, scarlet flowers. Kokióo is one of four species in the Kokia genus and 

the only one found on the island of Hawaiói. The sap of this rare tree has been used by Native 

Hawaiians to make red dyes for fish nets and its bark was used to treat thrush. In the early 

1900ôs, botanists became concerned about the survival of this species and collected several 

pounds of seed that were later distributed to various gardens and arboreta for germination. 

Despite this, Kokióo has become increasingly rare in the wild. This decline may have had severe 

impacts on organisms that rely on the species, such as the now endangered nectar drinking 

honeycreepers which depend on these trees for food. 

Historic and Current Distribution: Occurs in native dry forests on the island of Hawaiói on rough 

lava with a thin, extremely well drained soil at elevations of 455 to 1,915 meters. Only six plants 

are known, although three may have been destroyed in fires. Many other plants have been out-

planted in exclosures managed by the State of Hawaiói and private conservation groups. The last 

four individuals occurred in 2 fences along the edge of the Kaóupulehu flow above the 25 mile 

road entrance to Puôu Waôawaóa.  There were two senescent plants alive at the beginning of this 

Plan and both have since died.  This species is considered a PEPP species (Table 3.3).  

Habitat: Associated native species include Aweoweo, óAóaliói, Hala pepe, Wiliwili, Kuluôi, óOhe 

makai, MǕmane, and Maua. Alien species that have invaded this habitat include fountain grass, 

tree tobacco, fireweed and lantana. Critical habitat was designated for this species in 1984 (fig. 

3.7) (USFWS 1984). 

 

 

Figure 3.7. Critical habitat for Kokióo within the Plan Area. 
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Neraudia ovata 

Description: In the nettle family (Urticaceae), this species is a sprawling or rarely erect shrub to a 

small tree, with stems 1 to 3 m (3 to 10 ft) long, and branches bearing short, somewhat erect 

hairs.  The alternate, thin, stalked leaves are smooth-margined, grayish on the undersurface, 5 to 

14 cm (2 to 5.5 in) long and 2 to 6.5 cm (0.8 to 2.6 in) wide, and have spreading, curved, nearly 

translucent hairs.  Male and female flowers are found on separate plants.  Male flowers have 

extremely short stalks and a densely hairy calyx.  Female flowers have no stalks and a densely 

hairy, boat-shaped calyx.  The fruit is an achene (a dry, one-seeded fruit that does not open at 

maturity).  This species is distinguished from others in this endemic Hawaiian genus by the 

density, length, and posture of the hairs on the lower leaf surface; smooth leaf margin; and the 
boat-shaped calyx of the female flower. 

Historic and Current Distribution: Historically, Neraudia ovata was found from North Kona all 

the way to Kau.  There are currently five extant known plant locations.  One population of three 

individuals was known from privately owned land in Kaloko, North Kona. The second 

population of 8 individuals was surveyed in late 1995 and again in 1997 by Colorado State 

University personnel.  This population is located at the boundary of the PTA and Puóu Anahulu, 

owned by the State (Shaw et al. 1997) and was resurveyed by the HCP botanical crew.  A third 

population, which is located within PTA, has not been surveyed since 1980.  It is unknown how 

many plants occur at this site. One individual is known to occur in the Manuka Natural Area 

Reserve (L. Perry, pers. comm.), and a final population has been located in windward Kohala. 
This species is considered a PEPP species (Table 3.3).  

Habitat: Neraudia ovata grows in open Ohióa and MǕmane dominated lowland and montane dry 

forests at elevations of 115 m (380 ft) at Kaloko and 1,325 and 1,520 m (4,350 to 5,000 ft) at 

Pohakuloa Training Area.  Associated taxa include ᾶOhe makai, Naio, Huehue, KǾlea species, 

and christmas berry, as well as the federally endangered óAiea and Hala pepe, and other species 

of concern, including Pua pilo, Fimbristylis hawaiiensis, and Koóokoóolau (Bidens micrantha 

ssp. Ctenophylla). Critical habitat was designated for this species in 2003 (fig. 3.8) (USFWS 
2003). 
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Figure 3.8. Critical habitat for Neraudia ovata within the Plan Area.. 
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 óAiea (Nothocestrum breviflorum) 

Description: óAiea is a stout tree 33-39 ft (10-12 m) tall int eh night shade family (Solanaceae). 

The trunk, about 18 in (45 cm) in diameter, has a soft, sappy wood with dark brown bark.  

Oblong to elliptic, toothless, stalked leaves, 2-4.7 in (5-12 cm) long and 1.2-2.4 in (3-6 cm) 

wide, are generally confined to the ends of the branches and are seasonally shed.  In texture, they 

are relatively thick and papery.  The upper leaf surface is glabrous (smooth) to sparsely whitish 

pubescent (downy), and the lower surface is often densely whitish pubescent.  Several to 

numerous flowers appear in clusters at the tips of shortened, spur-like branches.  Each flower is 

subtended by its own stalk (pedicel) 0.2-0.4 in (4-10 mm) long.  The 4-lobed, tube-shaped calyx, 

0.2-0.4 in (6-11 mm) long, is split on one side.  Green-yellow, 4-lobed petals are fused at the 

base and generally are enclosed in the calyx.  The lobes are hairy on the outside.  Fruits remain 

enclosed by the calyx and are orange-red, round berries about 0.2-0.3 in (6-8 mm) in diameter. 

This species is distinguished from other Hawaiian members of the genus by leaf shape, number 

of flowers (more than three) in the flower clusters at tips of short spur-like branches, and the fruit 
remaining enclosed in the calyx (Symon 1990). 

Historic and Current Distribution: óAiea is known from the southern Kohala mountains, the 

western, southern, and eastern slopes of Mauna Loa, and the northern slopes of HualǕlai, 

Hawaiói. Since 1975, a number of populations have been identified on the western side of the Big 

Island from South Kohala to Kamaoa-Puueo.  Recent HCP surveys indicate that at least 47 

individuals are known to exist within the Puóu Waóawaóa Forest Reserve.  

Habitat: Habitats of óAiea are lowland dry forest, montane dry forest, and montane mesic forest 

dominated by ᾶǽhiᾶa, Koa, and or Lama.  Individuals occur on ᾶaᾶǕ lava substrates at elevations 

ranging from 260 to 6,000 ft (180 to 1,830 m) (Gagne and Cuddihy 1990; Symon 1990). 

Associated taxa include ᾶIliahi, Uhiuhi, and Wiliwili.   Critical habitat was designated for this 
species in 2003 (fig. 3.9) (USFWS 2003). 
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Figure 3.9. Critical habitat for óAiea.within the Plan Area. 
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Hala pepe (Pleomele hawaiiensis) 

Description: Hala pepe, in the Asparagus family (Asparagaceae), is a branching tree, 5 to 6 m 

(16 to 20 ft) tall, with leaves spirally clustered at the tips of branches and leaving large brown 

leaf scars as they fall off.  The leaves measure 23 to 38 cm (9 to 15 in) long and 1.4 to 2.7 cm 

(0.6 to 1 in) wide.  Flowers are numerous in terminal clusters with a main stalk 6 to 13 cm (2 to 5 

in) long and individual flower stalks 5 to 12 mm (0.2 to 0.5 in) long.  The three sepals and three 

petals of the flower are similar and pale yellow, 33 to 43 mm (1.3 to 1.7 in) long, with a 

constricted base.  The fruit is a red berry about 10 to 13 mm (0.4 to 0.5 in) long.  This species 

differs from other Hawaiian species in this genus by its pale yellow flowers, the size of the 

flowers, the length of the constricted base of the flower, and the width of the leaves (Service 
1996a).   

Historic and Current Distribution: Historically, Hala pepe was found ranging from the Kohala 

mountains to KaóȊ.  Nine populations are currently known: one in the Kohala mountains at Puóu 

Kamoa (2 individuals); four from Puóu Waóawaóa (2 populations of 200 individuals and 50-100 

individuals), Kaóupulehu (no information available), and Kaloko (11 individuals); two in the 

South Kona area at ManukǕ and Kahuku (11 individuals); and two populations in Hawaiói 

Volcanoes National Park (HVNP). These populations total 284-334 individuals. During the 
2003-2007 HCP surveys, 320 individuals were mapped in the Plan Area. 

Habitat:  Hala pepe typically grows on open ᾶaᾶǕ lava in diverse Lowland Dry Forests at 

elevations between 300 and 800 m (1,000 and 2,700 ft). Associated taxa include ᾶǽhiᾶa, Lama, 

MǕmane, Alaheóe, Hue hue, Naio, Olopua, Kuluói, ᾶIlima, Wiliwili, ᾶIliahi, Ulei, and fountain 

grass as a dominant ground cover, as well as four federally endangered species: Uhiuhi, Kauila, 

óAiea , Neraudia ovata, and species of concern, including Pua pilo and Koóokoóolau (Bidens 

micrantha ssp. ctenophylla). Critical habitat was designated for this species in 2003 (fig. 3.10) 
(USFWS 2003). 
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Figure 3.10. Critical habitat for Hala pepe within the Plan Area. 
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Poóe (Portulaca sclerocarpa) 

Description: Poóe is a perennial with a fleshy, tuberous tap root that becomes woody with 

maturity (Wagner et al. 1990). Stems are prostrate or ascending and the leaves, 8-12 mm long 

and 1.5-2.5 mm wide, are narrowly oblance-shaped to linear, almost round in cross section, 

succulent, grey-green, and stalkless. Dense tufts of yellow-brown hairs occur in the axil between 

stem and leaf. Three to six flowers occur at the end of a stem and from a dense flower 

cluster.Flowers are white, pink, or pink with white base petals.  

 

Historic and Current Distribution: Known from the islands of Hawaiói and LǕnaói. Populations 

were found on an islet off of the coast of LǕnaói, and the Kohala Mountains, the northern slopes 

of HualǕlai, the northwestern slopes of Mauna Loa, and near Kiauea Crater on the Big Island 

(USFWS 1996). At the time this species was listed as federally endangered in 1994, there were 

11 known extant populations totaling 72-122 individuals on private, state, and federal lands on 

the island of Hawaiói (USFWS 1996). One individual was found in upper Puóu Anahulu in 

January 2014 by Josh VanDeMark (Hawaiói Island PEPP Coordinator).  

 

Habitat: Occurs in montane dry shrubland. The taxon often is found on bare cinder, near steam 

vents, and in open Ohióa dominated woodlands, at elevations between 3,380 and 5,340 ft  (Gagne 

and Cuddihy 1990, Wagner et al. 1990). Associated taxa are MǕmane, ᾶǽhiᾶa, and Naio 

(USFWS 1996). Critical habitat was designated for this species in 2003; however CH does not 

occur within the Plan Area.  

 

Hawaiian Catchfly (Silene lanceolata) 

Description: Hawaiian Catchfly is a sub-shrub with erect to ascending stems 15-50 cm long. 

Flowers are white and occur in open cymes. Leaves are linear to lanceolate, and ciliate toward 

the base but otherwise glabrous (Wagner et al.1999). 

Historic and Current Distribution: Known from Molokaói, Oóahu, and Hawaiói; historically also 

known from Kauaói and L Ǖ naói. On the island of Hawaiói, eight occurrences are known from 

Pohakuloa Training Area, and on the island of Oóahu, one occurrence is known at Makua 

Military Reservation.  During HCP surveys, 419 individuals were mapped in Puóu Anahulu.  

Habitat: Occurs from 330-1,900 m in dry to mesic shrubland on Molokaói, Kauaói, LǕnaói, and 

Hawaiói (Wagner et al. 1999). The populations on the island of Hawaiói grow in two dry habitat 

types: shrubland dominated by dense Naio, MǕmane, PȊkiawe with óAóaliói, Pilo, and fountain 

grass; and on ᾶaᾶǕ lava in a former óAkoko forest now converted to fountain grass grassland with 

óAóaliói, MǕmane, Naio, and ᾶǔweoweo. Critical habitat was designated for this species in 2012; 

however CH does not occur within the Plan Area.  
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PǾpolo kȊ mai   (Solanum incompletum) 

Description: PǾpolo kȊ mai is a woody shrub in the nightshade family (Solanaceae) that grows 

up to 3 m tall with prominent reddish prickles scattered to abundant on stems and leaves. The 

oval leaves measure 10 to 15 cm long by about 7 cm wide. The leaf margins are lobed with one 

to four lobes on each side. Numerous flowers grow on loose branching clusters with each flower 
on a stalk about 9 mm long. The star-shaped flowers are white.  

Historic and Current Distribution: Historically known to occur from 600-2,200 m on the islands 

of Maui, LǕnaói, and Hawaiói. Fourteen individuals were recently discovered on the island of 

Hawaiói in the upper Puóu Anahulu region, along the PTA border, this is the only population 

known to occur on State land. At least 70 individuals are also known to occur within PTA (L. 

Perry, pers. comm.). Previous to this, the species was last seen in 1949 and thought extinct. This 
species is considered a potential PEPP species (Table 3.3).  

Habitat: Dry and mesic shrublands and forests on ridges and in gulches. On Hawaiói island, on 

cinder cones or on older lava flows. Critical habitat was designated for this species in 2003 (fig. 

3.11) (USFWS 2003). 

 

 

 

 

 

Figure 3.11. Critical habitat for PǾpolo kȊ mai within the Plan Area. 
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Stenogyne angustifolia 

Description: A member of the mint (Lamiaceae) family, this vine may sprawl on the ground for a 

portion of its length prior to becoming erect, but may also become a climber. It has thin oval 

finely toothed leaves, up to 2 in long and 0.5 in wide.  The narrow, tubular flowers are 

approximately 0.75 in long and grow at the base of the leaves.  Flower color varies from yellow 

to red to purple and has a short lower lobed lip and a long upper lobe. The pale colored fruits 

become dark when mature.  

Historic and Current Range: Historically the species was known from the islands of Molokaói, 

Maui, and Hawaiói. Currently, estimated 5,000-7,500 individuals occur only on the Island of 

Hawaiói, at Pohakuloa Training Area (U.S. Army 2003) and 97 individuals were mapped at Puóu 

Waóawaóa and Puóu Anahulu during the HCP surveys.  

Habitat: S. angustifolia grows on relatively flat lava flows and shallow soils in semi-arid 

shrublands and ᾶǽhiᾶa woodlands at an elevation of 1,555-2,150 m. The species has been 

described as abundant on various aged lava or rock outcrops associated with the following 

vegetation: Eragrostis grassland, Chenopodium shrubland, óAkoko, open ᾶǽhiᾶa forest, 

óAóaliói/Naio shrubland, and mixed native shrubland. Critical habitat has not been designated for 
this species.  

 

Aóe (Zanthoxylum dipetalum var.  tomentosum) 

Description: Aóe (Z. dipetalum var. tomentosum), in the citrus family (Rutaceae), is a thornless 

tree 4 to 15 m (13 to 49 ft) tall with a trunk up to 30 cm (12 in) in diameter.  It has alternate 

leaves comprised of three to seven leathery, elliptical, gland-dotted, smooth-edged leaflets 

usually 6 to 36 cm (2.4 to 12 in) long and 2.5 to 13.5 cm (1 to 5.3 in) wide.  The undersurface of 

the leaflets is densely covered with fine, short hairs, and the lowest pair of leaflets is often 

strongly reduced.  The stalks of the side leaflets have one joint each, and the stalk of the terminal 

leaflet has two joints.  Flowers are usually either male or female, and usually only one sex is 

found on a single tree.  Clusters of 5 to 15 flowers, 9 to 18 mm (0.4 to 0.7 in) long, have a main 

flower stalk 10 to 40 mm (0.4 to 1.6 in) long and individual flower stalks 3 to 8 mm (0.1 to 0.3 

in) long.  Each flower has four broadly triangular sepals about 1 to 1.5 mm (0.04 to 0.06 in) long 

and two or four yellowish-white petals, sometimes tinged with red, 6 to 10 mm (0.2 to 0.4 in) 

long.  The fruit is an oval follicle (dry fruit that opens along one side) 15 to 33 mm (0.6 to 1.3 in) 

long, containing one black seed about 10 to 26 mm (0.4 to 1 in) long.  This variety is 

distinguished from Zanthoxylum dipetalum var. dipetalum by the hairs on the undersurface of the 

leaflets.  It is distinguished from other Hawaiian species of the genus by its reduced lower 

leaflets, the presence of only one joint on some of the leaflet stalks, and the large seeds (Service 

1996a).   

Historic and Current Distribution: Only one population of Aóe (Z. dipetalum var. tomentosum) 

has ever been known, located at Puóu Waóawaóa.  Thirteen previously known and one new 

individual were mapped during the HCP surveys.  Recent monitoring (2010 and 2011) indicates 

that 11 individuals persist and three have died. This species is considered a PEPP species (Table 
3.3). 
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Habitat: Aóe (Z. dipetalum var. tomentosum) grows in degraded ᾶǽhiᾶa -dominated montane 

mesic forest, often on ᾶaᾶǕ lava, at elevations between 915 and 1,040 m (3,000 and 3,400 ft).  

Associated species include MǕmane, Lama, ᾶǔlaᾶa, ᾶIliahi, Ohe, KǾlea, and KǾpiko. Critical 
habitat was designated for this species in 2003 (fig. 3.12) (USFWS 2003). 

 

 

Figure 3.12. Critical habitat for Aóe (Zanthoxylum dipetalum var. tomentosum) within the Plan 

Area 
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Aóe (Zanthoxylum hawaiiensis) 

Description: A medium-size tree 10 - 26 ft (3 - 8 m) tall, with a trunk 10 in (25 cm) in diameter 

(Stone et al. 1990).  The bark is pale to dark gray, and the leaves are lemon-scented.  Alternate 

leaves are composed of three small leaves (leaflets), one being terminal and two lateral.  The 

surfaces are usually without hairs, or the lower may be finely hairy and glandular.  Fifteen to 20 

flowers are arranged in open flower clusters, 1.6 - 3.1 in (4 - 8 cm) long, which are subtended by 

main flower stalks 0.8 - 2 in (20 - 50 mm) long.  Each flower is subtended by a flower stalk, 0.08 

- 0.2 in (2 - 4 mm).  Usually, all flowers on a tree are of one sex, either male or female. A sickle-

shaped, round-tipped fruit, 0.3 - 0.4 in (8 - 10 mm) long, opens on one side to release one round, 

slightly compressed seed.  The seed covering is pitted and sculptured, about 0.27 - 0.31 in (7 - 8 

mm) long, distinguished from other Hawaiian members of the genus by several characters: three 

leaflets all of similar size, one joint on lateral leaf stalk, and sickle-shape fruits with a rounded 

tip (Stone et al. 1990). 

Historic and Current Distribution: Aóe (Z. hawaiiense) is known from five main islands:  Kauaói, 

Molokaói, LǕnaói, Maui, and Hawaiói.  Populations were located in central Kauaói; eastern 

Molokaói; central LǕnaói; southern and southwestern slopes of Haleakala, Maui; and the Kohala 

mountains, northern slopes of HualǕlai, and northwestern slope of Mauna Loa, Hawaiói (Stone et 

al. 1990). Since 1975, Aóe (Z. hawaiiense) has been identified as extant on at least four of the 

five islands on which it originally occurred, with at least 11 known populations and over 250 

individuals.  On Kauaói, one extant individual is found in Waimea Valley.  On Molokaói, at least 

two populations occur, one in Pelekunu Valley and one near Puóu Kolekole.  On eastern Maui, 

three extant populations are located at Auwahi, Lualailua, and Kanaio. On the Big Island, five 

populations are located at Puóu Waóawaóa, Puóu Anahulu, and the Pohakuloa Training Area.  In 

addition, Shaw and Giffin have found numerous individuals located between Puóu Waóawaóa and 

Pohakuloa Training Area, and on the western periphery of Pohakuloa Training Area.  During the 

HCP surveys 234 individuals were mapped.  

Habitat: Aóe (Z. hawaiiense) occurs in lowland dry and mesic forests, and montane dry forest, at 

elevations between 1,800 and 5,710 ft (550 and 1,740 m) (Gagne and Cuddihy 1990, Stone et al. 

1990). The taxon grows in forests dominated by ᾶǽhiᾶa, Lama, and Hala pepe.  Other associated 

species include Hame (Kauaói), Aóiaói, KǾlea, MǕmane, and Naio. Critical habitat was 

designated for this species in 2003; however CH does not occur within the Plan Area (USFWS 
2003).
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Table 3.3. Species distribution, PEPP Status (PEPP: Less than 50 individuals remain in the wild, ROI: rare on island, AS: assumed 

stable, apparently apparently secure, POP: potentially PEP species), and Federal Status (E: endangered, SOC: species of concern, C: 

candidate for listing) for species mapped during HCP botanical surveys.  

Taxon Common 

Name 

Family Distribution PEP  

Status 

Status 

Asplenium peruvianum var.  

insulare 

n/a Aspleniaceae  Hawaiói and Maui none E 

Caesalpinia kavaiensis Uhiuhi Fabaceae Hawaiói, Maui, LǕnaói,  

Oóahu, and Kauaói 

ROI E 

Colubrina oppositifolia Kauila Rhamnaceae Hawaiói, Maui, and Oóahu 

 

AS E 

Haplostachys haplostachya Honohono Lamiaceae Hawaiói, Maui, and Kauaói 

 

None E 

Hibiscus brackenridgei subsp. 

brackenridgei 

Maᾶo hau 

hele 

Malvaceae Hawaiói, Maui, and LǕnaói PEP E 

Kokia drynarioides Kokiᾶo Malvaceae Hawaiói 

 

PEP E 

Neraudia ovata n/a Urticaceae Hawaiói 

 

PEP E 

Nothocestrum breviflorum ᾶAiea Solanaceae Hawaiói 

 

None E 

Pleomele hawaiiensis Hala pepe Agavaceae Hawaiói 

 

None E 

Portulaca sclerocarpa Poᾶe Portulacaceae Hawaiói and LǕnaói 

 

 E 

Silene lanceolata Hawaiian 

Catchfly 

Caryophyllaceae Hawaiói, LǕnaói,  Molokaói, 

 Oóahu, Kauaói 

None E 

Solanum incompletum PǾpolo kȊ 

mai 

Solanaceae Hawaiói, Maui, LǕna`i, 

Molokaói, and Kauaói 

POP E 

Stenogyne angustifolia n/a Lamiaceae Hawaiói, Maui, and Molokaói 

 

None E 

Zanthoxylum dipetalum var.  

tomentosum 

Aᾶe Rutaceae Hawaiói PEP E 
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Zanthoxylum hawaiiense Aᾶe Rutaceae Hawaiói, Maui, LǕnaói,  

Molokaói, and Kauaói 

None E 

Alphitonia ponderosa Kauila Rhamnaceae Hawaiói, Maui, LǕnaói,  

Molokaói, and Kauaói 

None SOC 

Eragrostis deflexa n/a Poaceae Hawaiói, Maui, LǕnaói, 

and Molokaói, 

None SOC 

Erythrina sandwicensis Wiliwili  Fabaceae All the main Hawaiian islands 

 

None SOC 

Chamaesyce olowaluana ᾶAkoko Euphorbiaceae Hawaiói and Maui 

 

None SOC 

Exocarpus gaudichaudii Hulumoa Santalaceae All the main Hawaiian islands 

except Kauaói 

None SOC 

Fragaria chiloensis ᾶǽhelo 

papa 

 

Rosaceae Hawaiói and Maui 

 

None SOC 

Melicope hawaiensis Manena Rutaceae Hawaiói, Maui, LǕnaói,   

and Molokaói, 

None SOC 

Reynoldsia sandwicensis ᾶOhe 

makai 

Araliaceae Nióihau, Hawaiói, LǕnaói,   

Molokaói, Oóahu, Kauaói 

None SOC 

Sisyrinchium acre o Mauᾶu 

lǕᾶili 

 

Iridaceae Hawaiói and Maui 

 

None SOC 

Stenogyne macrantha n/a Lamiaceae Hawaiói 

 

None SOC 

Tetramolopium consanguineum n/a Asteraceae Hawaiói and Kauaói 

 

None SOC 

Tetramolopium humile n/a Asteraceae Hawaiói and Maui None SOC 
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3.5.5 Plant Species of Concern 

Plant SOC were also documented during the HCP surveys (Table 3.4). While these 

species are not  óCovered Speciesô for the purposes of licensing; exclosures and 

outplanting of SOC will benefit Covered Species by working towards creating more 

functional communities composed of a diverse array of plant species. SOC species will 

be outplanted in existing and planned exclosures, along with appropriate common native 

species, to increase species diversity, provide synergistic and functional gains between 

species, and benefit native species, within the limitation of the HCP. Gains for these 

species provide additional net environmental benefit, and assist in protection and 
restoration of natural communities within the Plan Area. 

 

Table 3.4.  Documented flora SOC in the Plan Area. These species will potentially 

benefit from existing and planned exclosures.  Existing and outplanted individuals of 

these species will be included in HCP protection and restoration, to the extent feasible 
and appropriate.   

Scientific Name Common Name 

Alphitonia ponderosa Kauila 

Chamaesyce olowaluana óAkoko 

Eragrostis deflexa Love Grass                     

Erythrina sandwicensis Wili wili  

Exocarpus gaudichaudii Hulumoa 

Fragaria chiloensis ᾶǽhelo papa 

Melicope hawaiensis Manena 

Reynoldsia sandwicensis óOhe Makai 

Sisyrinchium acre o Mauᾶu lǕᾶili 

Stenogyne macrantha n/a 

Tetramolopium consanguineum n/a 

Tetramolopium humile n/a 
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3.6 WILDLIFE  

3.6.1 Covered Species  

Blackburnôs Sphinx Moth (Manduca blackburni)  

Background (Adapted from the USFWS Draft Recovery Plan for the Blackburnôs sphinx 

moth, 2003) 

The Blackburnôs sphinx moth (Manduca blackburni) is one of Hawaióiôs largest native 

insects, with a wingspan of up to 12 centimeters (5 inches) and is one of four federally 

listed insects in the State of Hawaiói (USFWS 2003). Like other sphinx moths in the 

family Sphingidae, it has long, narrow forewings, and a thick, spindle-shaped body 

tapered at both ends. It is grayish brown in color, with black bands across the apical (top) 

margins of the hind wings, and five orange spots along each side of the abdomen. The 

larva is a typical, large ñhornwormò caterpillar, with a spine-like process on the dorsal 

surface of the eighth abdominal segment.  Although the moth probably occurred on the 

islands of Kauaói, Kahoóolawe, Oóahu, Molokaói, Maui, and Hawaiói , extant populations 

are now limited to Maui, Kahoóolawe and Hawaiói .  On Hawaiói, it was known from 

Hilo, PǕhala, Kalaoa, Kona, and HǕmǕkua.  They have been observed from sea level to 

1,525 meters (5,000 ft) elevation.   Manduca blackburni is designated as an endangered 

species under Federal and State laws.  

Manduca blackburni larvae feed on plants in the nightshade family (Solanaceae). The 

native host plants are trees within the genus Nothocestrum (óAiea), on which the larvae 

consume leaves, stems, flowers, and buds. However, many of the host plants recorded for 

this species are not native to the Hawaiian Islands, and include commercial tobacco 

(Nicotiana tabacum), tree tobacco (Nicotiana glauca), eggplant (Solanum melongena), 
tomato (Lycopersicon esculentum), and possibly Jimson weed (Datura stramonium).  

Little is known from direct observation of this species, as it was unobserved and 

considered extinct until it was rediscovered on Maui in 1984.  In general, sphingid moths 

can develop from egg to adult in as little as 56 days, but pupae may remain in a state of 

torpor (inactivity) in the soil for up to a year.  Adult sphingid moths have been found 

throughout the year and are known to feed on nectar from a variety of host plants. 

Sphingids generally live longer than most moths because of their ability to feed and take 

in water from a variety of sources, rather than relying only upon stored fat reserves. 

Because they live longer, female sphingid moths will often take more time in locating the 

best host plants for egg laying (Kitching and Cadiou 2000), relative to other moth 
species. 

Two field observations of feeding M. blackburni adults have been made, one within the 

Kanaio Beach area of southeast Maui, where adults were documented to be feeding upon 

the nectar of the native Hawaiian morning glory species, Ipomoea indica. The second 

observation was made in the upper Kanaio NAR, where a single adult was found feeding 

upon the nectar of I. indica. It is expected the native Hawaiian species of caper, Capparis 

sandwichiana and Plumbago zeylanica are also likely native adult M. blackburni food 

sources. All three species, C. sandwichiana, P. zeylanica, and I. indica bear flowers 

which share some traits suggestive of moth pollination, including nocturnal anthesis 
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(opening at night), light coloration, and/or the emittance of strong fragrances (C. 
sandwichiana) upon opening.  

Previous M. blackburni larvae sightings have been documented between the months of 

October and May, but more recent observations in the Plan Area confirm larval presence 

on N. glauca in July and September (Adkins, pers. obs.). Adult moths are found 

throughout the year.  Recent light trapping surveys indicate that the species does occur in 

the Plan Area, with larvae predominantly occurring on N. glauca in areas of high 

disturbance such as near fire-fuel breaks and roadsides and in areas previously burned by 

wildfires. Future surveys for larvae on óaiea are necessary to establish distribution and 

density on the native host plant. The limited data collected to date suggests that the 

species has a moderate to wide distribution in the Plan Area, and that potential impacts to 
the species should be considered and, if significant, mitigated. 

 

M. blackburni critical habitat designation 

Critical habitat is the term used to define those areas of habitat containing physical and 

biological features that are essential for an endangered or threatened species to recover 

and that require special management or protection. In July of 2003, the U.S. Fish and 

Wildlife Service designated a total of about 55,000 acres of critical habitat for the 

Blackburnôs sphinx moth. Approximately 25,000 acres of this designated critical habitat 

occur within the HCP Plan Area, specifically within Puóu Waóawa óa Forest Reserve 

(Figure 3.13). Critical habitat designation requires the Service to consult under section 7 

of the ESA with regard to actions carried out, funded, or authorized by a federal agency 

when those actions may harm endangered species.  
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Figure 3.13. Blackburnôs sphinx moth critical habitat within the Plan Area.  

 

M. blackburni within the Plan Area 

Blackburnôs sphinx moth has been identified as being potentially impacted through the 

maintenance and creation of fuel breaks and four-wheel drive access roads.  There is no 

expected take of adult M. blackburni due to fuel break and road maintenance; however, 

while take of eggs, larvae, and pupae can be largely avoided, some take is anticipated and 
will be covered under this HCP.   

Within the Plan Area, M. blackburni larvae have been observed on both native plants 

(óaiea), and non-native plants (tree tobacco). The HCP botanical surveys documented the 

location and distribution of óAiea within the Plan Area (See map 6.9). Because the 

botanical surveys did not cover 100% of all land within the Plan Area due to financial, 

logistical, and staff constraints, modeling was used to determine the number of óAiea that 
may have been missed  (See Modeling and Estimated Take section 5.3 for more details).  

In January 2010, HCP staff began documenting the distribution of tree tobacco that 

occurs on roadsides and fuel breaks within the Plan Area by recording plant locations 

using Global Positioning System (GPS) technology as HCP staff drove 4x4 roads. For 

each location, a general description of the number of plants (limited to those occurring 

along roadsides) in that given area was recorded (For more information see Section 

5.3.6).  

 
























































































































































































































































































