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Service, sometimes prepared with the assistance of recovery teams, contractors, State
agencies, and others. Objectives will be attained and any necessary funds made available
subject to budgetary and other constraints affecting the parties involved, as well as the
need to address other priorities. Costs indicated for task implementation and/or time for
achievement of recovery are only estimates and subject to change. Recovery plans do not
necessarily represent the views, official positions nor approval of any individuals or
agencies involved in the plan formulation, other than the U.S. Fish and Wildlife Service.
They represent the official position of the U.S. Fish and Wildlife Service only after they
have been signed by the Regional Director as approved. Approved recovery plans are
subject to modification as dictated by new findings, changes in species status, and the
completion of recovery tasks.
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EXECUTIVE SUMMARY

Current Species Status: Twenty of the taxa addressed in this plan are federally listed as
endangered and one, Argyroxiphium sandwicense ssp. macrocephalum, is listed as
threatened. Numbers of known remaining populations and individuals are as follows (# of
populations, # of individuals):

Acaena exigua (last seen in 1957),

Alectryon macrococcus (28, 500),

Argyroxiphium sandwicense ssp. macrocephalum (1, >64,000),

Bidens micrantha ssp. kalealaha (4, 2,000),

Clermontia oblongifolia ssp. mauiensis (1, 1),

Cyanea lobata (last seen in 1982),

Cyanea mceldowneyi (6, >144),

Geranium arboreum (4, 300),

Geranium multiflorum (11, <3,000),

Hedyotis coriacea {2, <20),

Phloguatieve v 6 <300),

Lipochaeta kamolensis (2, several hundred),

Lysimachia lydgatei (3, 150-250),

Melicope adscendens (1, 16),

Melicope balloui (1, <300),

Melicope mucronulata (1, 3),

Melicope ovalis (1, >300),

Remya mauiensis (2, 9),

Scaevola coriacea (4, <340),

Schiedea haleakalensis (3, 100-200) and

Tetramolopium capillare (2-4, <200).

Distributions: All of the 21 Maui cluster taxa occur on the island of Maui. Twelve are
endemic to the island of Maui. Bidens micrantha ssp. kalealaha, Clermontia oblongifolia
ssp. mauiensis and Cyanea lobata were formerly found on the island of Lanai, and Acaena
exigua was found on the island of Kauvai. Hedyotis coriacea is also found on the island of
Hawaii, and Melicope mucronulata is also found on the island of Molokai. Huperzia
mannii was formerly found on Kauai and is still extant on Hawaii. Scaevola coriacea
formerly occurred on Kauai, Oahu, Lanai, Hawaii and Niihau; and Alectryon macrococcus
is also extant on Kauai, Oahu and Molokai.
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Habitat Requirements and Limiting Factors: The 21 taxa included in this recovery
plan grow in a variety of vegetation communities (forests, shrubland, and volcanic cliffs),
elevation zones (coastal to high cliff faces), and moisture regimes (dry to wet). These taxa
and their habitats have been variously affected or are currently threatened by one or more
of the following: trampling, predation, and habitat destruction by introduced animals;
habitat degradation and competition for space, light, water, and nutrients by naturalized,
alien vegetation; habitat loss from fires; alien insects; disease; small number of individuals
and populations; and loss of pollinators. A few of these taxa may have been subjected to
over collection and are subject to trampling by human beings along trails. Because of the
small number of extant individuals and severely restricted distributions, populations of
these taxa are subject to an increased likelihood of extinction from stochastic events.

Recovery Objectives: Delist all taxa. Interim downlisting and delisting objectives are
provided.

Recovery Criteria:
» Interim Objectives for the 20 Endangered Taxa

The interim objective is to stabilize all existing populations of the Maui taxa. To be
considered stable, each taxon must be managed to control threats (e.g., fenced) and be
represented in an ex situ collection. In addition, a minimum total of three populations of
each taxon should be documented on Maui and, if possible, at least one other island where
they now occur or occurred historically. Each of these populations must be naturally
reproducing and increasing in number, with a minimum of 25 mature individuals per
population for long-lived perennials and a minimum of 50 mature individuals per
population for short-lived perennials.

» Downlisting Objectives for the 20 Endangered Taxa

For downlisting, a total of five to seven populations of each taxon should be documented
on Maui and at least one other island where they now occur or occurred historically. Each
of these populations must be naturally reproducing, stable or increasing in number, and
secure from threats, with a minimum of 100 mature individuals per population for long-
lived perennials, and a minimum of 300 mature individuals per population for short-lived
perennials. Each population should persist at this level for a minimum of five consecutive
years before downlisting is considered.
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» Delisting Objective for the 20 Endangered Taxa

For delisting, a total of 8 to 10 populations of each taxon should be documented on Maui
and at least one other island where they now occur or occurred historically. Each
population must be naturally reproducing, stable or increasing in number, and secure from
threats, with a minimum of 100 mature individuals per population for long-lived perennials
and a minimum of 300 mature individuals per population for short-lived perennials. Each
population should persist at this level for a minimum of five consecutive years.

« Delisting Objective for Argyroxiphium sandwicense ssp. macrocephalum

Delisting of this taxon would be appropriate if the threat to its pollinators from the alien
Argentine ant is controlled through management action, no other threat of comparable
magnitude arises during that time, and the single population continues to exceed 50,000
individuals.

Actions Needed:

Protect current populations, manage threats and monitor.
Conduct research essential to conservation of the species.
Expand current populations.

Establish new populations as needed to reach recovery objectives.
Validate and revise recovery objectives.

bl I e

Total Estimated Cost of Recovery: $80,019,000

Date of Recovery: To be determined once more is known about the biology and
population dynamics of the Maui cluster taxa.
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INTRODUCTION

A Brief TView

This recovery plan deals with 20 endangered and one threatened taxa that occur or occurred on
the island of Maui, Hawaii (Figure 1) and in some cases on other islands as well. Acaena exigua
(liliwai), Alectryon macrococcus (mahoe), Bidens micrantha ssp. kalealaha (kookoolau), Clermontia
oblongifolia ssp. mauiensis (oha wai), Cyanea lobata (haha), Cyanea mceldowneyi (haha), Geranium
multiflorum (nohoanu), Hedyotis coriacea (kioele), Huperzia mannii (wawaeiole), Lipochaeta
kamolensis (nehe), Lysimachia lydgatei (no common name [NCNY)), Melicope mucronulata (alani), and
Schiedea haleakalensis (NCN) were listed as endangered and Argyroxiphium sandwicense ssp.
macrocephalum (Haleakala silversword, ahinahina) was listed as threatened on May 15, 1992 (USFWS
1992a). Geranium arboreum (nohoanu), Melicope adscendens (alani), Melicope balloui (alani),
Melicope ovalis (alani), Remya mauiensis (NCN), Scaevola coriacea (dwarf naupaka) and
Tetramolopium capillare (NCN) were listed as endangered in a total of five listing actions between May
1986 and December 1994 (USFWS 1986; USFWS 1991; USFWS 1992b; USFWS 1994a, USFWS
1994b).

These taxa (hereafter referred to as the “Maui cluster taxa™) are scattered throughout Maui in diverse
ecosystems. Twelve are endemic to the island of Maui. Bidens micrantha ssp. kalealaha, Clermontia
oblongifolia and Cyanea lobata were formerly found on the island of Lanai, and Acaena exigua was
found on the island of Kauai. Hedyolis coriacea is also found on the island of Hawaii, and Melicope
mucronulata is found on the island of Molokai. Huperzia mannii was formerly found on Kauai and is
still extant on Hawaii. Scaevola coriacea formerly occurred on Kauai, Oahu, Lanai, Hawaii and Niihau
and Alectryon macrococcus is also extant on Kauai, Oahu and Molokai.

The Maui cluster taxa and their habitats have been adversely affected in various degrees by one or
more of the following: trampling, grazing, and habitat destruction by introduced ungulates; habitat
degradation and competition for space, light, water, and nutrients by alien vegetation; habitat loss from
fires; insects and disease; predation by rodents and slugs; and loss of pollinators. A few of these taxa may
have been subjected to overcollection, primarily for scientific or horticultural purposes, and are subject to
trampling by human beings along trails. Because of the depauperate number of extant individuals and
severely restricted distributions, populations of these taxa are subject to an increased likelihood of

extinction from stochastic (chance) events.
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The land that supports the Maui cluster taxa is owned by the State of Hawaii (including land
classified as Natural Area Reserve (NAR), Forest Reserve, State Park, Hawaiian Home Lands (HHL) and
Plant Sanctuary lands), the City and County of Honolulu, the Federal government, and various private
parties. Much of the Federal land occupied by these taxa is owned and managed by the National Park
Service as Haleakala National Park. Other Federal lands supporting these taxa are controlled by the U.S.
Army and U.S. Navy.

Part I of this plan has been constructed in a species-by-species format, allowing the reader to find all
information about a particular taxon in one section, and allowing for efficient revision to include other
Maui taxa as they are listed. This format will eventually produce one large, coordinated master plan for
recovery of plants on the island of Maui, including a comprehensive analysis of the threats to Maui
ecosystems and species as a whole, and species-by-species enumeration of actions needed for stabilization
and recovery. Taxa could then be grouped within ecosystem types, since several taxa within such
ecosystem groups could sometimes be benefitted by a single recovery action. Multispecies projects, such
as the one outlined in Appendix B, should be developed to make this possible.

The Maui cluster taxa can be divided into four groups, based on their status:

Group #1 -- Eight taxa very near extinction: Acaena exigua, Clermontia oblongifolia var. mauiensis,
Cyanea lobata, Hedyolis coriacea, Melicope adscendens, Melicope mucronulata, Remya mauiensis,
and Tetramolopium capillare. These taxa appear to be at, beyond, or near the point of no return in the
direction of extinction. Some (Acaena exigua, Cyanea lobata) may already be extinct, since no
individuals are known to exist, although careful searching over a period of years is warranted. Others
(Clermontia oblongifolia var. mauiensis, Hedyotis coriacea, Melicope adscendens, Melicope

mucronulata) have (or had when most recently surveyed) fewer than five known individuals.

Group #2 -- Four taxa that, based on current trends, are clearly declining and may be beyond the point of
no return within 5-10 years without prompt action to save them: 4lectryon macrococcus, Cyanea

mceldowneyi, Scaevola coriacea, and Schiedea haleakalensis.

Group #3 -- Three taxa that, though by no means stabilized, appear to be hanging on with the help of

positive conservation efforts underway: Geranium arboreum, Huperzia mannii, Lipochaeta kamolensis.

Group #4 -- Six taxa that, though rare and/or very localized, are already at least partially stabilized,
largely as a result of highly effective stewardship efforts already being implemented: Argyroxiphium



sandwicense ssp. macrocephalum, Bidens micrantha var. kalealaha, Geranium multiflorum,

Lysimachia lydgatei, Melicope balloui, and Melicope ovalis.

B rall Reasons for Declin nt Thr

A general description of the threats facing the Maui cluster taxa is given here. Particular threats
facing individual taxa are given in the species narratives in the following section and are summarized in
Table 1.

The primary threats to the endangered Maui taxa are coastal development and alien animals and
plants. The resident human population of the island of Maui has increased rapidly in the recent past—
from 39,000 in 1970 to 95,000 in 1990. Annual tourist visitation to Maui has increased from 169,000
visitors in 1957 to over 2 million in the late-1980s (U.S. Department of the Interior, National Park
Service 1994).

Rapid growth of the local population on Maui and ever-increasing commerce between Maui and
other islands and continents are causing accelerated introduction of potential invaders. Since the 1970s,
an average of 20 new species of alien invertebrates alone get established in the Hawaiian Islands every
year (The Nature Conservancy of Hawaii (TNCH) and the Natural Resources Defense Council (NRDC)
1992). More than 8,000 species of alien plants have already been brought into Hawaii and introductions
continue (Smith 1985). Fortunately, not all of them will adversely affect surviving native biota and
relatively few will threaten the pristine, high-elevation native ecosystems. Increasingly, concerted efforts
are being made to slow the flow of alien species through quarantine procedures, etc., but serious “leaks”
still occur (TNCH and NRDC 1992). An expanded international airport at Kahului, Maui, still in the
planning stages but scheduled to become a reality within the next few years, is likely to increase these
“leaks.”

Rapid residential development and growth in tourism on Maui since 1970 have resulted in
obliteration of extensive coastal and other low-elevation habitats, some of which still harbored native
species. Most notable among the habitats affected are the sand hills of Wailuku.  Alien animals and
plants have been responsible for drastic changes to nearly every area of the Hawaiian Islands, including
the habitats of the Maui cluster taxa (Wagner ef a/. 1990). In many cases, they are the primary causes of
the historical declines of the Maui cluster taxa, and they continue to be primary threats to survival and
recovery (USFWS 1986; USFWS 1991; USFWS 1992a; USFWS 1992b; USFWS 1994a; USFWS
1994b). Detailed descriptions of each of the alien animals and plants that threaten the Maui cluster taxa,
and an analysis of the mechanism of their impacts, are given in Appendix H. Alien species of particular

concern to individual Maui cluster taxa are also described in the Species Accounts section.



Table 1. Summary of threats to the Maui cluster taxa.

Alien Alien Disease/ Human
Taxon Animals Plants Fire Pollinators  Impacts
Acaena exigua p, s?, 1? X X X
Alectryon macrococcus p, gc, 1,1 X X X
Argyroxiphium sandwicense
ssp.macrocephalum g1 X X
Bidens micrantha
ssp. kalealaha p, &, ¢C X X
Clermontia oblongifolia
ssp.mauiensis p,s?, r? X
Cyanea lobata P X
Cyanea mceldowneyi p, s?, 1?7 X
Geranium arboreum p, g ¢,T X X X
Geranium multiflorum p. g X
Hedyotis coriacea X X X
Huperzia mannii p. &8¢ X
Lipochaeta kamolensis g c X X
Lysimachia lydgatei p, g X X X
Melicope adscendens p, g c1 X X
Melicope balloui p,1 X
Melicope mucronulata g1 X X
Melicope ovalis p.Li X
Remya mauiensis P, g X X X
Scaevola coriacea c X X
Schiedea haleakalensis s,1, g X
Tetramolopium capillare X X
Total Number of
Taxa Affected 19* 17 11 6 6
* Taxa affected by: Pigs - 14, Goats -12, Cattle - 7
Key: p-pigs
g - goats
¢ - cattle
I - 1ats
s - slugs

i - insects (notably, Argentine ant)



Fire and changes in microclimate are also partially responsible for the declines of the Maui cluster
taxa, and continue to be immediate threats. In most terrestrial environments of the world, fire has been
a pervasive disturbance strongly shaping the evolution of plants and animals. In contrast, fire does not
appear to have played an important evolutionary role in native ecosystems of the Hawaiian Islands, and
few endemic plants possess adaptations to fire. Lightning is relatively uncommon on oceanic islands
because their small land mass is not conducive to convective buildup of thunderheads. Many native
Hawaiian ecosystems may have lacked adequate fuel to carry fires ignited by lightning or vulcanism.
Fires in modern Hawaii are mostly human-caused, are fucled primarily by alien grasses, and are highly
destructive to most species of native plants. Opportunistic invasive plant species, on the other hand,
especially Melinis minutiflora and Pennisetum setaceum, spread rapidly following fire or other
disturbance. In natural areas of Hawaili, fire is therefore considered a negative influence that must be
suppressed to the extent possible (Haleakala National Park 1990). Maui cluster taxa particularly
vulnerable to fire include Lipochaeta kamolensis and Remya mauiensis.

There can be little doubt that the microclimate for native dryland forest regeneration on leeward East
Maui has been drastically altered by loss of over 95% of the forest. Canopy opening has resulted in
increased solar radiation reaching the ground, higher temperatures, and lower relative humidity—a
desiccating environment that may preclude seedling establishment. The soil environment has also been

substantially altered by cover of kikuyu grass and other alien grasses.

C. Overall Conservation Effo

1. Federal Actions

The 21 taxa in this recovery plan were listed under the Endangered Species Act on May 16, 1986
(USFWS 1986), January 14, 1991 (USFWS 1991), May 15, 1992 (USFWS 1992a), May 13, 1992
(USFWS 1992b), September 30, 1994 (USFWS 1994a), and December 5, 1994 (USFWS 1994b), and
therefore, are afforded the protection of this Act. Critical habitat was not deemed prudent because of the
possible increased threat to the plants by vandalism, researchers, curiosity seckers, or collectors of rare
plants due to the mandated publication of precise maps and descriptions of critical habitat in local
newspapers.

The U.S. Army has set aside areas within the Pohakuloa Training Area for protection of rare plants,
including the Maui cluster taxon Hedyotis coriacea. Management and fire suppression plans for these

areas are being developed by the Army.



Many of the Maui cluster taxa occur in Haleakala National Park, administered by the National Park
Service. The Park Service has conducted extensive management actions that benefit taxa of the Maui
cluster, including fencing and removal of goats from the entire Park and continued pig control. In

addition, the Park Service conducts propagation and research efforts for several of the taxa.

2. State Actions

The 21 taxa in this recovery plan are listed under State of Hawaii legislation (Hawaii Revised
Statutes (HRS) Chapter 195D). State law prohibits taking of endangered flora and encourages
conservation by State government agencies. “Take” as defined by Hawaii State law means “to harass,
harm . . ., wound, kill . . . | or collect endangered or threatened . . . species . . . or to cut, collect, uproot,
destroy, injure, or possess endangered or threatened . . . species of . . . land plants, or to attempt to engage
in any such conduct” (HRS 195D).

The primary management of the Maui cluster taxa by the State of Hawaii includes the protection of
some habitat arcas from fire and feral ungulates. Some weeding of alien plant species occurs in Natural
Area Reserves, and the State assists in the collection of seeds for the propagation of many of the Maui
cluster taxa. In addition, the State has been involved in small-scale fencing projects for the protection of

several of these taxa.

3. City and County and Nongovernmental Actions

Seeds and/or plants of many of the Maui cluster taxa have been collected by the National Tropical
Botanical Garden (NTBG), and some have been successfully propagated in their facilities (propagation
details are given in the following species accounts). Plans for these holdings include continued
propagation research and study of the feasibility of long-term seed storage (Diane Ragone, NTBG,

personal communication 1994). A summary of ex situ conservations actions is provided in Table 2.

D, Species Accounts

Figures depicting the current and historical ranges of each taxon may be found in Appendix C.
Recovery priority numbers referred to in the species accounts are based on degree of threat, recovery
potential, and taxonomic level, as described in Appendix I. Habitat types and species associated with the
Maui cluster taxa are summarized in Appendix E, and land ownership and management are summarized

m Appendix F.



Following each species account are suggested species-specific recovery actions. These do not reflect
the order in which recovery actions should be accomplished or establish priority over other recovery tasks.

Please refer to the Stepdown Narrative section of this plan for the overall recovery strategy.

1. Acaena exigua Gray
(Hawaiian name: liliwai) Recovery Priority # 5 (on USFWS scale of 1 to 18)

a. Description

Appendix D contains a line drawing of Acaena exigua.

Acaena exigua is a small perennial rosette herb in the rose family (Rosaceae) with narrow, fern-like,
divided leaves and slender flowering stalks 5-15 centimeters (2-5.9 inches) long. It is easily hidden
among the other low, tufted bog plants with which it grows. The narrow, oblong leaves are usually 10-25
millimeters (0.4-1.0 inch) long with 6-17 leaflets 1-4 millimeters (0.04-0.16 inches) long and 1-2
millimeters (0.04-0.08 inch) wide. The leaflet on the end is wider (to 3 millimeters [0.12 inches]).

The upper surface of the leaves is glossy with conspicuous veins; the lower surface is whitish.

The flowers lack petals and are arranged in short, dense spikes 5-10 millimeters (0.2-0.4 inch) long held
on slender, sparsely leafy stalks 5-15 centimeters (2-6 inches) tall. The base of the flower is urn-shaped,
sometimes with very short spines or bristles, and encloses a single cone-shaped dry fruit (achene) 1

millimeter (0.04 inches) long.

b. Taxonomy

Acaena exigua was described by Asa Gray in 1854 based on specimens collected in 1840 “on the
table-land of the mountains of Kauai, in a marsh” (Gray 1854), likely the Alakai swamp, by plant
collectors of the U.S. Exploring Expedition. Bitter (1910-1911), in a review of the genus Acaena,
described three varieties of the Hawaiian species (var. glabriuscula, var. subtusstrigulosa, and
var. glaberrima). The current taxonomic treatment (Wagner ef al. 1990) treats A. exigua as a single,
variable taxon and does not recognize varieties.

The genus Acaena comprises approximately 100 species, centered primarily in the Southern
Hemisphere (Wagner ef al. 1990). The sole Hawaiian species of the genus Acaena is distinguished from

other Hawaiian members of the rose family in that it is a small, compact, high-elevation bog species with



flowers that lack petals. The specific epithet, exigua, means “small, short, poor, scanty,” presumably due

to the small size of the species.

C. n Histori¢ R Population

No individuals of this species are currently known to exist. Historically, Acaena exigua was known
from Puu-kukui on West Maui and from Mount Waialeale on Kauai. On Kauai, Acaena exigua was last
collected by Wawra in 1869-1870; it has not been seen there in this century (Wagner ef al. 1990). Rock
(1913) states, (regarding West Maui): “Acaena exigua, which is very scarce on Waialeale, is here
exceedingly common, together with Viola mauiensis.” On West Maui, Acaena exigua has not been
collected since 1957 (Wagner et al. 1990). Botanists have been searching for this species for years, but
have not been successful, despite finding several other rare plant associates (R. W. Hobdy, Division of
Forestry and Wildlife, Hawaii Department of Land and Natural Resources, personal communication

1990).

d. Life History

No details are known.

e. Habitat Description

Acaena exigua is known only from montane bogs at elevations of 1,600-1,800 meters (5,250-5,906
feet). This habitat is characterized by a thick peat substrate overlying an impervious clay substrate, with
hummocks of sedges and grasses, stunted trees, and shrubs. Associated native species include the native
sedges and grasses Deschampsia nubigena, Dichanthelium cynodon, Dichanthelium hillebrandianum,
Dichanthelium isachnoides, and Oreobolus furcatus, and the native shrubs Metrosideros polymorpha
and Vaccinium sp. Alien species include Holcus lanatus, Juncus planifolius, Cyperus halpan, and

Sacciolepis indica.

f R ns for Decline an nt Thr

The reason for the disappearance of this species is not known. Though impact from herbivory and

rooting by pigs is assumed and often cited, feral pigs have become established at Waialeale (Kauai) only



within the past two decades. The other known habitat, Puu-kukui (West Maui), is pig-free and apparently
has always been so.
The main current threats to Acaena exigua, if it exists, are believed to include:
1) Small population size
Because Acaena exigua, if it still exists at all, presumably occurs at such low population
levels and in such a restricted area a single severe environmental disturbance, such as a prolonged
drought, could result in its extinction. In addition, the lack of genetic diversity could depress the
reproductive vigor or adaptability of the species.
2) Human impacts (collecting and site degradation)

Trampling of associated native plant species and introduction (long-distance and regional) of
invasive alien plant species in its montane bog habitat are threats to Acaena exigua caused by
excessive human visitation.

3) Other factors

Though undocumented, consumption of vegetative or floral parts of this species by alien slugs
and/or rats could have been a factor in the decline of the species and could continue to be a critical
limiting factor. An alien pathogen such as a disease, fungus or nematode could also be a factor, as
could loss of pollinators, or some as-yet-undetected micro-environmental change associated with the

species’ disappearance.

Potential future threats could include:
1) Feral pigs
In the montane bogs on Kauai, habitat degradation by feral pigs is currently a primary threat to
the native bog plant communities, which comprise potential habitat for Acaena exigua. Puu-kukui
on West Maui is currently pig-free. However, it is possible that feral pigs could reach the summit of
Puu-kukui and cause serious degradation of the montane bog habitat if not adequately controlled.
2) Alien plant species
Accompanying feral pig activity on Waialeale is a substantial loss of native plant cover, dramatic
increases in bare ground, and the progressive invasion of several invasive plant species, especially

the rush Juncus planifolius (Juncaceae).

g. Conservation

None
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h. Needed Recovery Actions

The reasons for decline of Acaena, apparently sometime between 1920 and the present, are
unknown. Chronic impacts of feral pigs and increased cover of alien plant species in the montane bogs of
Kauai have occurred only within the past two decades, long after the decline of this species. The West
Maui bog complexes of Puu Kukui and Eke are virtually pristine, having never been damaged by feral
pigs. Neither is there reason to believe that the bogs have been chemically altered, as evidenced by the
continued presence of other bog-dependent plant associates (R. W. Hobdy, personal communication
1990). If Acaena exigua is relocated, determining the cause of its decline will be a high priority recovery
action. If the specics cannot be relocated after extensive searches, delisting due to extinction may be

proposed.

1) Search for any individuals of this species in the former habitat.

Habitat is limited. Some searching has been done on an ad hoc basis, but a complete search of
former habitats is needed. The plant is diminutive and easily overlooked. However, although the
plant is small, the leaf and rosette morphology are so distinctive as to be unmistakable.

2) If plants are found, initiate research on limiting factors.

Research should investigate what more subtle threats, such as lack of pollinators, alien slugs,
rodents or disease, are limiting factors to the survival of this species. These are likely to be the same
unknown factors that caused the decline of the species in the first place.

3) If plants are found, protect and enhance existing population(s) and create new populations.

If plants are found, either on West Maui or on Kauai, steps should be taken to protect these
plants from known and possible threats. Additionally, the species should be outplanted in available
protected habitat within an existing reserve (West Maui NAR [Natural Areas Reserve], Puu Kukui
Watershed owned by Maui Land and Pineapple, or Kapunakea Preserve managed by TNCH) on
West Maui. The natural and re-established populations should be intensively monitored for vigor
and reproductive viability, to ensure their continued existence and possibly to shed light on the

original cause of decline.
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2. Alectryon macrococcus Radlkofer

(Hawaiian names: mahoe, alaalahua) Recovery Priority # - §

var. macrococcus Recovery Priority #- 3

var. auwahiensis Recovery Priority # - 6

In the original designation of endangered status for this taxon, the species as a whole was listed.
However, for the purposes of recovery, the two subspecies are being considered as separate taxa, due to

the great disparity in their status, distribution, and recovery needs.

a. Description

Appendix D contains a line drawing of Alectryon macrococcus.

Alectryon macrococcus is a tree in the soapberry family (Sapindaceae) consisting of two varieties,
macrococcus and auwahiensis. Both reach heights of 3-11 meters (10-36 feet), with reddish-brown
branches and net-veined paper- or leather-like leaves 20-55 centimeters (8-22 inches) long, with one to
five pairs of sometimes asymmetrical egg-shaped leaflets 10-28 centimeters (4-11 inches) long by 4-12
centimeters (1.6-4.7 inches) wide. The upper surface of the leaf is glossy and smooth. The underside of
the leaf has dense brown hairs, only when young in Alectryon macrococcus var. macrococcus, and
whether young or mature (persistent) in Alectryon macrococcus var. auwahiensis (Linney 1987). Flower
clusters up to 30 centimeters (12 inches) long consist of cup-shaped, small flowers 1.5-2.5 millimeters
(0.06-0.1 inches) long with unequal lobes on short, individual stalks. The flowers have no petals and
sometimes lack female parts. Fruits consist of one or two nearly spherical parts, the second of two often
abortive; the inside of the seed coat is irregularly scarlet. The hard seeds are 5-10 millimeters (0.2-0.4
inches) long and glossy pale brown with irregular projections, and have a smooth, scarlet fleshy coating
with an irregular sinus on one side.

The only member of its genus found in Hawaii, this species is distinguished from other Hawaiian

members of its family by being a tree with a hard fruit 2.5 centimeters (0.9 inches) or more in diameter.

b. Taxonomy

The noted Hawaiian botanist W. Hillebrand was the first to collect this species but was unable to
make a complete collection. Based on this incomplete material, Hillebrand (1888) described the material

as “Mahoe, gen. nov.?”, a questionably new, endemic genus. Alectryon macrococcus was described by
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L. Radlkofer (1850) based on Hillebrand’s specimens and the information in Hillebrand (1888). St. John
and Frederick (1949) described Alectryon mahoe for Oahu specimens based on leaf shape, pubescence on
lower leaflet surfaces, and details of flower structure. Linney (1987) included the Oahu population with
Alectryon macrococcus var. macrococcus but recognized East Maui plants as a new variety,
var. auwahiensis, based on the persistent pubescence on lower leaflet surfaces. This treatment of a single
Hawaiian species with two varieties, var. macrococcus and var. auwahiensis, was adopted by Wagner
et al. (1990). The specific epithet macrococcum has been used by some botanists (St. John and Frederick
1949; St. John 1973) in accordance with Gaertner’s original neuter designation of the genus; however,
Radlkofer’s (1890) revision of the genus treated the genus as masculine and renamed all existing specific
epithets to agree with the masculine gender at that time.

The genus Alectryon comprises 25 species from Malaysia, Australia, and New Zealand to Samoa
and Hawaii (Wagner ef al. 1990). The specific epithet macrococcus translates literally to “large (or long)

berry,” presumably referring to the distinctive large red seed and aril seed covering.

c. Current and Historic Range and Population Status

Alectryon macrococcus var. macrococcus occurs on Kauai, Oahu, Molokai and West Maui
(Wagner et al. 1990). Six populations of Alectryon macrococcus var. macrococcus, totalling fewer than
100 plants, are known on Kauai, all on State-owned land in Waimea Canyon and in Na Pali Coast State
Park. On Oahu, most known individuals occur at numerous sites in the Waianae Mountains (as far north
as Kaluakauila Gulch to as far south as the ridge above Lualualei) and much less often in the Koolau
Mountains. The total number of individuals on Oahu is estimated to be about 400. On Molokai, the five
extant occurrences, totalling six plants, are located at Puu Kolekole jeep road, Kaunakakai Gulch, and
Kamakou Preserve, on State and private land. On West Maui, the three existing occurrences, totalling
just a few plants, are located along the Honokowai Ditch Trail and in Launiupoko Valley on privately
owned land.

These 27 populations/occurrences are on city and county, State, Federal, and private land, most
numbering only one or two individuals. Two populations each have between 50 and 200 individuals.

The entire subspecies currently numbers about 500 individuals. Two populations of Alectryon
macrococcus var. macrococcus on Oahu are on Federal property, one population on Schofield Barracks
and the other on Lualualei Naval Reservation. Eight populations of Alectryon macrococcus var.
macrococcus on Oahu are on State land, three in areas leased to the Federal government as part of Makua

Military Reservation and five in a nearby State Conservation District.
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On leeward East Maui, the var. auwahiensis occurs in the Auwahi and Kanaio districts. In 1910,
J.F. Rock found about 40 trees in the rich forest of Auwahi on the south slopes of Haleakala. Currently,
a single scattered population of about nine individuals of this taxon remains within a 29-hectare area on

privately owned and State-owned (and privately leased) ranchland.

d. Life History

Alectryon macrococcus is a relatively slow-growing, long-lived tree that grows in xeric to mesic
sites and is adapted to periodic drought. Little else is known about the life history of Alectryon
macrococcus. Flowering cycles, pollination vectors, seed dispersal agents, and specific environmental

requirements are unknown.

e. Habitat Description

The habitat of Alectryon macrococcus is dryland forest, once widespread on leeward exposures of
all the Hawaiian Islands, but now almost completely eliminated. Both varieties of Alectryon
macrococcus typically grow on dry slopes or in gulches, within dry to mesic lowland forests at elevations
of 360-1,070 meters (1,180-3,510 feet). Mean annual rainfall is roughly 80-200 centimeters (2.6-6.6
feet) in this habitat. Most rainfall comes in the winter, whereas summers are hot and dry.

Associated native plants include Metrosideros polymorpha, Aleurites moluccana, Diospyros
sandwicensis, Nestegis sandwicensis, Psychotria, Pisonia, Xylosma, Streblus, Hibiscus, Antidesma,
Pleomele, Acacia, Melicope knudseni, Hibiscus waimeae, Pteralyxia, Zanthoxylum, Doodia,
Blechnum, Kokia kavaiensis, Bobea timonioides (USFWS 1992a; Hawaii Plant Conservation Center
(HPCC) 1994). Associated alien plants include Lantana, Setaria, Triumfetta, Melia azedarach,
Bocconia frutescens, Melinis minutiflora, Psidium cattleianum, Schinus terebinthifolius, and

Pennisetum clandestinum (HPCC 1994).

f. Reasons for Decline and Current Threats

The primary threats historically responsible for the endangerment of this species include: impacts of
feral cattle, goats and pigs; impacts of alien plant species; damage from the black twig borer; and seed

predation by rodents.

14



Current threats to Alectryon macrococcus include:
1) Competition with alien plant species

The alien plants Melinis minutiflora (molasses grass), Pennisetum clandestinum (kikuyu grass),
and Schinus terebinthifolius (Christmas berry) pose threats to Alectryon macrococcus reproduction
because of competition with seedlings for light, space, and water. Christmas berry is now replacing
the native vegetation of much of the southern Waianae Mountains and threatens to occupy the range
of all Oahu populations of Alectryon macrococcus var. macrococcus. Most populations of
Alectryon macrococcus var. macrococcus on Oahu and Molokai are immediately threatened by
molasses grass. Kikuyu grass forms a thick mat that displaces reproduction of native plant taxa at
Auwahi on East Maui. The West Maui individuals of Alectryon macrococcus var. macrococcus
are immediately threa}tened by competition with strawberry guava (Psidium cattleianum).

2) Black twig borer (Xylosandrus compactus)

The black twig borer has been cited as an immediate threat to the extant populations of both
recognized varieties of Alectryon macrococcus (J. Lau, TNCH, personal communication 1990).
This pest burrows into the branches and introduces a pathogenic fungus, pruning the host severely,
often killing branches or whole plants. The Waimea Canyon populations of Alectryon macrococcus
var. macrococcus, most populations on Oahu, and the single population of Alectryon macrococcus
var. auwahiensis suffers severe defoliation and reduced vigor due to infestations of this alien insect.
Most populations of this species probably sustain some damage from the borer.

3) Seed predation by alien rodents

Predation on fruits and flowers by rodents, both black rats (Raftus rattus) and less often house
mice (Mus musculus), threatens Alectryon macrococcus. Evidence of rat predation has been seen
on both varieties of Alectryon macrococcus. Seed predation by black rats has inhibited
reproduction of this species for many years. Virtually all Alectryon seeds lying beneath the canopies
of trees in Auwahi and Kanaio districts on Maui are destroyed by black rats (Medeiros, Loope, and
Holt 1986).

4) Alien ungulates

Herbivory, trampling, and soil erosion caused by goats are immediate threats to Alectryon
macrococcus var. macrococcus. Currently, goats contribute to the substantial decline of all four
populations of this taxon in Waimea Canyon on Kauai. Goats on State lands in this area are
managed for recreational hunting. In the Waianae Mountains of Oahu, encroaching urbanization
and hunting pressure tend to restrict goats to the drier upper slopes (Tomich 1986), where Alectryon
macrococcus occurs. Over half of the Oahu populations of Alecfryon macrococcus

var. macrococcus are affected by increasing numbers of goats in scattered locations along the
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Waianae Mountains, especially in Makua and Nakaleha. On Molokai, all five localities of
Alectryon macrococcus var. macrococcus are restricted to a 7.5 square kilometer (4.7 square mile)
area that is immediately threatened by goats (USFWS 1992a).

Both recognized varieties of Alectryon macrococcus are threatened by habitat degradation by
feral pigs and have sustained loss of individual plants or habitat as the result of feral pig activity.
Present throughout the Waianae Mountains of Oahu in low numbers, feral pigs pose a significant
threat to the scattered populations of Alectryon macrococcus var. macrococcus.

Herbivory, trampling, and habitat degradation by cattle also threaten the species, particularly
Alectryon macrococcus var. auwahiensis. The sole remaining habitat for this variety is on a cattle
ranch consisting of private and State-leased lands. Although all individuals of Alectryon
macrococcus var. auwahiensis are protected from ungulates with small woven-wire exclosures,
these must be rigorously maintained. Cattle trample seedlings and damage mature plants by
browsing (USFWS 1992a).

5) Wildland fire

Fire is a threat to some populations of Alectryon macrococcus var. macrococcus.
Unintentionally ignited fires have resulted from ordnance training practices in Makua Military
Reservation on Oahu. Although most fires have been contained within 0.01 hectares (0.02 acres),
a single 120 hectare (300 acre) fire in July 1989 spread upslope and came to within 0.3 kilometers
(0.2 miles) of a population of Alectryon macrococcus var. macrococcus, also threatening seven
other populations in the area. Fires are also a potential threat to Waimea Canyon, Kauai, and less
likely, but possibly, to west and east Maui populations (USFWS 1992a).

6) Small population size

Due to the very small remaining number of individuals of Alectryon macrococcus var.
auwahiensis and their limited distribution, a single natural or human-caused environmental
disturbance could easily be catastrophic. Given the limited size and scattered distribution of
populations and individuals of both Alectryon macrococcus var. macrococcus and A. macrococcus
var. auwahiensis, gene pool limitations may depress reproductive vigor and adaptability.

7) Other threats
Possible threats to both varieties include seed predation by insects (probably the endemic

microlepidopteran Prays cf. fulvocanella Walsingham [Yponomeutidae]) and loss of pollinators.
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g Conscrvation

Makua Military Reservation and Schofield Barracks are controlled by the U.S. Army, and portions
are used for ordnance training of their troops. The Alectryon macrococcus var. macrococcus plants on
their land are not located inside impact or buffer zones and thus are not directly affected by military
activities. The Army has constructed firebreaks around the plants on the Makua Military Reservation to
minimize damage from unintentional fires that occasionally result from stray bullets.

To protect the population of Alectryon macrococcus var. macrococcus at Naval Magazine
Lualualei, the U.S. Navy is working to control alien plants in areas where individuals of Alectryon
macrococcus var. macrococcus are located. The Navy also allows recreational hunting on their lands to
control the feral pig population (D.W. Wilborn, U.S. Navy, personal communication 1996).

At Auwahi, East Maui, small woven-wire enclosures have been constructed by a private
conservation group, the Native Hawaiian Plant Society, with cooperation from Ulupalakua Ranch, to
protect endangered and threatened plants from ungulates. One individual of Alectryon macrococcus
var. auwahiensis is protected within one of these enclosures (R. Nakagawa, Native Hawaiian Plant
Society, personal communication 1996).

Alectryon macrococcus var. auwahiensis has been propagated by Hawaii Division of Forestry and
wildlife (DOFAW) at its Maui baseyard near Kahului and at the Waimea Arboretum and Botanical
Garden on Oahu. Alectryon macrococcus var. macrococcus has been propagated at the Honolulu
Botanic Garden (Mehrhoff 1992) and at Lyon Arboretum on Oahu (G. Ray, Center for Plant
Conservation, personal communication 1997). The National Tropical Botanical Garden (NTBG) has
seed stored from a cultivated specimen of Alectryon macrococcus var. macrococcus and has successfully

propagated both varieties (D. Ragone, personal communication 1994).

h. Needed Recovery Actions

Among the known populations of Alectryon macrococcus, there are a wide variety of situations in
terms of microhabitat and degree and nature of threats. The situation is obviously most urgent for
Alectryon macrococcus var. auwahiensis, of which only about nine individuals survive. As stated above,

these two varieties are being considered as separate taxa for purposes of recovery.
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1) Alectryon macrococcus var. macrococcus
a) Identify target populations for manipulative management.

To reach the downlisting objectives outlined in part II of this plan, five populations will
need to be selected for protection, management and possible augmentation to reach the goal of
100 individuals each. Factors to consider in selection of target populations include land
ownership, size of population, quality of surrounding habitat, severity of local threats, and
geographic and morphological diversity. Management, depending on local site characteristics,
should potentially include fencing, weed control, outplanting of local genetic material, and rodent
control (perhaps only seasonally during fruiting season).

b) Survey known populations to determine effect of black twig borer and rodents.

Of existing populations, determine which sites are most vulnerable to the impacts of black
twig borer and rodents. Determine if any sites are free from these factors. Sites free or relatively
free from these influences are obviously prime candidates for protected “target” populations.
Obviously if some sites, e.g., higher elevation, are free from black twig borers, extreme care

should be taken not to introduce the insect with propagative material of Alectryon.

2) Alectryon macrococcus var. auwahiensis.
a) Initiate an emergency program.

This program needs to involve propagation, outplanting into managed (with weed control)
exclosures on protected lands, establishment of “nurse forests” (see Appendix B) to nurture
reestablishment of the taxon in the long run, and emergency assessment of and response to
limiting factors, such as the black twig borer.

b) Establish outplanted populations in “safe” (through fencing where necessary) habitat and institute
weed control as necessary at these sites.

At least four new populations of Alectryon macrococcus var. auwahiensis will have to be
discovered or created through outplanting to reach the downlisting objectives. Potential sites
include Kanaio State NAR, privately owned Ulupalakua Ranch, and the Kaupo Gap area of
Haleakala National Park on East Maui.
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3. Argyroxiphium sandwicense ssp. macrocephalum (Gray) Meyrat (Common name: Haleakala

silversword. Hawaiian names: pohinahina, ahinahina) Recovery Priority # - 9

a. Description
Appendix D contains a line drawing of Argyroxiphium sandwicense ssp. macrocephalum.

Argyroxiphium sandwicense ssp. macrocephalum (Asteraceae: Madiinae) is a distinctive, globe-
shaped rosette plant, with a dense covering of silver hairs. Usually single-stemmed, its swordlike, rigid,
and succulent leaves are 1540 centimeters (5.9-15.8 inches) long, 5-15 millimeters (0.2-0.6 inches) wide
at the middle, usually three-angled in cross-section, and progressively erect to decumbent (flat-lying with
upward-pointing ends). The inflorescence (flowering stalk) grows 0.5-3.0 meters (1.6-9.8 feet) tall and
contains numerous flower heads (capitula). These are showy with 50-600 densely packed, pink to wine-
red flowers. Each flower is 5-23 millimeters (0.2-0.9 inches) across. There are 11-42 petal-like ray
florets and 50-600 minute disk florets per head. The fruits are dry and one-seeded (achenes), straight or
curved like a bow, and 7-15 millimeters (0.3-0.6 inches) long. Each rosette dies after flowering once.

This subspecies is distinguished from Argyroxiphium sandwicense ssp. sandwicense by the shape
and ratio of the dimensions of the inflorescence, the number of ray florets per head, and the combination
of a) its longer, three-angled leaves; b) its silvery leaf hairs, which completely hide the leaf surface; and

3) its longer achenes.

b. Taxonomy

East Maui silverswords were described by Asa Gray in 1852 as Argyroxiphium macrocephalum
from a specimen collected on Haleakala, Maui, in 1841 by naturalist Charles Pickering of the U.S.
Exploring Expedition. Hillebrand (1888) reduced the taxon to varietal status as Argyroxiphium
sandwicense var. macrocephalum (Gray) Hillebr. Keck (1936) did not recognize Hillebrand’s
var. macrocephalum, including it instead within a broad interpretation of Argyroxiphium sandwicense.
Based on quantitative, geographic, and putative evolutionary differences, Meyrat ef al. (1983) restored
the Haleakala silversword to subspecies status, namely ssp. macrocephalum (A. Gray) Meyrat. This
treatment of two subspecies in the alpine cinder deserts of the islands of Hawaii (ssp. sandwicense) and
Maui (ssp. macrocephalum) was accepted in the most recent taxonomic treatments (Carr 1985, Carr in
Wagner ef al. 1990). The genus Argyroxiphium comprises five species endemic to Maui and the island
of Hawaii, Hawaiian Islands. The subspecies epithet macrocephalum refers to the large flower heads of

the Haleakala plants of this species.
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Near extinction in the 1920s due to human vandalism and to browsing by goats and cattle, the
Haleakala silversword has increased greatly under protection, and deserves attention as one of the most
dramatic conservation success stories of the Hawaiian Islands.

Argyroxiphium sandwicense ssp. macrocephalum is a classic example of a taxon considered rare
because of its highly restricted distribution (Rabinowitz ef al. 1986). It is endemic to (only known from)
a 1,000-hectare (2,500 acre) area at 2,100-3,000 meters (6,900-9,800 feet) elevation in the crater and
outer slopes of Haleakala Volcano, within Haleakala National Park, Maui, Hawaii, apparently occupying
most of its historic range (Loope and Crivellone 1986).

The first reliable information on Haleakala silversword numbers is from the summer of 1935, In
that year, Ranger S.H. Lamb tallied 1,470 plants (88 of which were flowering) on a single cinder cone
(Ka-moa-o-Pele) within Haleakala Crater (Lamb 1935). Since about 217 plants were flowering within
the crater (Lamb 1935), a reasonable estimate of the total population at that time was about 4,000
individuals (Loope and Medeiros 1994b). Lamb’s conclusion after consulting numerous individuals
knowledgeable on the subject was that, in 1935, “the plants are probably as numerous now as they have
ever been since 1906.” Information gathered since illustrates the trend of the silversword population over
about 60 years of protection. Since plants occur on otherwise barren cinder, fairly accurate counts are
possible. Methods are described in original reports (Loope and Crivellone 1986; Kobayashi 1973, 1991,
1993).

Plants have been counted by successive investigators on the cinder cone, Ka Moa o Pele, where the
largest number of plants survived in 1935. By 1979, the population on this volcanic cone had increased
by a factor of about 4.4, from 1,470 to 6,528 individuals (Kobayashi 1991). Elsewhere in Haleakala
Crater, the silversword has also increased in numbers and extent, with large local populations in areas
where few plants survived in 1935. A census of the entire Haleakala silversword population has been
attempted four times since 1971, with the following results: 1971 - 43,262 (Kobayashi 1973); 1979-80 -
35,000 (Kobayashi 1991); 1982 - 47,640 (Loope and Crivellone 1986); 1991 - 64,800 (Kobayashi
1993).

The current population of silversword is approximately 16 times larger than the estimated
population in 1935. Annual trends in 11 fixed plots, 5 x 20 meters (16.4 x 65.6 feet), from 1982 through
1989, suggest occurrence of substantial annual fluctuations in the recruitment and survival of seedlings

(Loope and Medeiros 1994c). The other subspecies of Argyroxiphium sandwicense, ssp. sandwicense,
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endemic to Mauna Kea on the island of Hawaii, is federally listed as endangered, with only several

hundred surviving individuals.

d. Life History

The monocarpic (flowers only once, at the end of its lifetime) Haleakala silversword matures from
seed to its final stage in approximately 15-50 years (Loope and Medeiros 1994c). The plant remains
a compact rosette until it sends up an erect, central flowering stalk, sets seed, and dies.

The silversword flowers from June to September, with annual numbers of flowering plants varying
dramatically from year to year. Reliable counts of flowering plants were made in 1935 (217 flowered)
and in 1941 (815 flowered) (Loope and Crivellone 1986). Numbers recorded in recent years have ranged
from zero in 1970 to 6632 in 1991. The environmental stimulus for synchronous silversword flowering is
as yet unknown. An apparent relationship of the 1991 mass flowering event to stratospheric alteration by
the eruption of Pinatubo Volcano in the Philippines is intriguing. Investigations are underway by R.
Pharis of the University of Calgary and L.L. Loope to explore a mechanism for enhanced silversword
flowering related to increased UV-B radiation due to temporary reduction of stratospheric ozone.

Flying insects, especially native bees, moths, flies, bugs, and wasps, many of which are pollinators,
are attracted in large numbers to the giant, aromatic inflorescences. It has been demonstrated that
Argyroxiphium sandwicense ssp. macrocephalum is self-incompatible (Carr ef al. 1986) and is reliant
on insect pollinators for reproduction.

Rarely, hybrids between Argyroxiphium sandwicense ssp. macrocephalum and Dubautia
menziesii, have been observed. Primarily found within Haleakala Crater, especially on Puu o Pele and

Puu o Maui cinder cones, these hybrid individuals flower for several years before dying (Carr 1985).

e. Habitat Description

The habitat of Argyroxiphium sandwicense ssp. macrocephalum consists primarily of otherwise
barren, unstable slopes of recent (less than several thousand years old) volcanic cinder cones. Mean
annual precipitation is approximately 75-125 centimeters (30-50 inches). The substrate has almost no
soil development and is subject to frequent formation of ice at night and extreme heating during cloudless
days.

Associated native species include Agrostis sandwicensis, Deschampsia nubigena, Dubautia

menziesii, Silene struthioloides, Styphelia tameiameiae, Tetramolopium humile, and Trisetum
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glomeratum. Alien species occupy little area in Haleakala silversword habitat but include Hypochoeris

radicata, Heterotheca grandiflora, and Rumex acetosella.

f Reasons for Declin nt Thr

The Haleakala silversword receives more attention from visitors to Haleakala National Park than
any other plant species because of its striking appearance and its limited distribution. There is ample
evidence that it attracted attention from indigenous Hawaiians. In pre-Park days, plants were often
removed by visitors to Haleakala Volcano to prove that the party had reached the summit, a practice that
eventually had a serious impact on the silversword population (Loope and Crivellone 1986; Loope and
Medeiros 1994¢c). At one time the silverswords on Haleakala were uprooted and rolled down cinder cones
for sport. Browsing by goats and cattle was also undoubtedly a factor in its decline, especially at the
margins of its range. By the 1920s, silversword numbers were so depleted that the Maui Chamber of
Commerce sent a petition to Washington, D.C., requesting that a serious effort be made to save the
species (Loope and Crivellone 1986).

The main current threats to Argyroxiphium sandwicense ssp. macrocephalum include:

1) Loss of pollinators

The silversword has a somewhat vulnerable combination of traits. It is a slow-growing plant that
flowers only once and dies, yet is self-incompatible. As a result, it is dependent upon the
availability of pollinating insects, primarily localized endemic species, for seed set. The greatest
threat to the pollinators of the silversword appears to be the Argentine ant (Iridomyrmex humilis).
This introduced species occupies two disjunct areas between 2,070 and 2,850 meters (6,792 and
9,350 feet) elevation, totalling about 160 hectares (400 acres) in Haleakala National Park. Because
queens are non-flighted, spread is relatively slow. This predaceous ant negatively affects the
endemic arthropod fauna (Cole et al. 1992), including pollinators, which evolved in the absence of
ant predation. A marked expansion in the ant’s range was noted in 1993, especially at the higher
elevation area (Medeiros ef al. 1994).

Unless this ant species is controlled, it appears capable of spreading widely, with potentially
catastrophic effects on endemic biota, including the silversword (Carr et al. 1986). Experimental
control efforts are underway with a hydromethylnon/protein bait, using techniques developed for
Argentine ant control in agricultural sites in California (Loope and Medeiros 1994a).

Alien yellowjackets (Vespula pennsylvanica) pose a lesser but significant threat toward

elimination of silversword pollinators.
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2) Native seed-eating and herbivorous insects
The silversword is dependent upon continuing seed production for its survival. The developing
seeds are fed upon by the tephritid fly Trupanea cratericola (Swezey 1954). On average, 60% of
the seeds produced by the silversword are destroyed by the small, white grub-like larvae of this fly
(Kobayashi 1974). Developing seeds are also fed upon, sometimes extensively by the larvae of
a native phycitid moth, Rhynchephestia rhabdotis (Swezey 1954, Zimmerman 1958). There is also
an endemic cerambycid beetle, Plagithmysus terryi, which bores in roots and stems, and sometimes
causes silversword plants to fall over (Betsy H. Gagné, DOFAW, personal communication 1987).
The impacts of these insects have probably been overestimated historically. In earlier times, these
insects were perceived as posing a serious threat to Haleakala silversword (e.g., Degener 1930), and
perusal of Park files reveals that application of DDT to protect the plants was contemplated by Park
managers as recently as the 1960s (Loope and Crivellone 1986). The locally endemic insects that
evolved with the silversword are currently regarded by Park managers as an essential part of the
silversword ecosystem.
3) Limited natural range
The limited natural range of this taxon makes it vulnerable to extinction due to a single
catastrophic event such as a natural disaster or alien plant or animal introduction.
4) Other threats
Possible future threats include competition from alien plant species, namely mullein (Verbascum
thapsus) and fountain grass (Pennisetum setaceum) (Loope, Nagata, and Medeiros 1992), and
human impacts (collecting and site degradation). The human threats are currently controlled within

the Park, but may become more serious as the number of visitors increases.

g. Conservation

As stated above, this taxon deserves attention as one of the most dramatic conservation success
stories of the Hawaiian Islands. As a result of management within Haleakala National Park, human
vandalism and feral ungulate browsing—formerly the most serious threats to the Haleakala
silversword—have been virtually eliminated. Almost all sub-populations of Argyroxiphium sandwicense
ssp. macrocephalum are within Haleakala National Park, which has successfully protected the taxon
since the 1930s. Only a few individuals survive just outside the boundaries of the Park. This species has
been successfully propagated at NTBG (D. Ragone, personal communication 1994; G. Ray, Center for

Plant Conservation, personal communication 1997).
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The Haleakala silversword is a highly charismatic, interesting species from the point of view of the
casual Park visitor as well as that of the evolutionary biologist. Continued protection from feral ungulates
and human vandalism is essential, and potential threats from the Argentine ant and alien plants must be
addressed. Even given its limited range and precarious life cycle, the long-term prognosis for survival of
this species now appears remarkably favorable. The Service will continue to evaluate the status of this

plant to determine when a proposal to delist is appropriate, based on meeting its recovery criteria.

h. Needed Recovery Actions

1) Monitor and initiate control efforts against further spread of the Argentine ant in the crater and outer
volcanic slopes of Haleakala Volcano.

Without intervention, it is likely that the Argentine ant will continue to slowly spread and
eventually perhaps come to occupy much of the range of the silversword. Such an infestation is
likely to deplete pollinator populations on which the silversword is highly dependent. The result of
such a reduction of the native pollinators of the silversword is a reduced reproductive capacity and
lessened chance for long-term survival. Chemical control using a bait-toxicant appears to be the
best chance to restrict or eliminate high elevation populations of the Argentine ant on Haleakala,
which are currently restricted in area. Such research is now ongoing in cooperation with scientists of
the Clorox technical center.

Another important consideration in control of the Argentine ant is the prevention of further
spread. Queens of the Argentine ant often forage with workers and are quick to establish small
satellite nests. Such behavior facilitates potential transfer of queens with human activities such as
transport of trash, roadfill, potted plants, firewood, etc. Management of high elevation areas on
Haleakala can prevent such unintended impacts through using carefully considered protocols.

2) Establish outplanted populations in former habitat.

One of the chief impacts of the long term degradation of high-elevation habitat of silversword on
Haleakala Volcano is the elimination of silversword populations in areas on the periphery of
Haleakala Crater. As a result of fencing the boundary of Haleakala National Park in the mid-
1980s, these areas are now protected from feral goats, which had extirpated the silversword from
certain peripheral areas. Now that the habitat of these sites is protected, they are prime candidates
for reintroduction. The best documented examples of appropriate sites are a) upper central Kaupo
Gap, b) Kalapawili grasslands, and ¢) Puu Nianiau. Other areas such as the outer leeward slopes
and southwest rift of Haleakala should be considered if protection from feral goats can be achieved

there. Extreme caution should be taken not to introduce the Argentine ant with planted materials as
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the species frequently nests in potted plants grown in the headquarters area of Haleakala National
Park.

4. Bidens micrantha Gaud. ssp. kalealaha Nagata & Ganders
(Hawaiian names for native Bidens: kokolau, kokoolau, and koolau)

Recovery Priority # - 9

a. Description

Appendix D contains a line drawing of Bidens micrantha ssp. kalealaha.

Bidens micrantha ssp. kalealaha is an erect perennial herb in the aster family (Asteraceac).
The base of the 50-150 centimeter (20-60 inches) plant is somewhat woody. Leaves are 6-19 centimeters
(2.6-7.5 inches) long with 1-9 (usually 5-9) lance-shaped leaflets 3.5-13.5 centimeters (1.4-5.3 inches)
long; some populations have ciliate (haired) leaf margins. Yellow flowers occur at the ends of branches
in loose clusters of 15-75 heads; each flower is 15-45 millimeters (0.6-1.8 inches) in diameter on 1-40
millimeter (0.04-1.6 inches) stalks (peduncles). There are $ sterile petal-like ray florets and 11-12 minute
disk florets per head. The small seeds (5-14 x 0.7-2 millimeter [0.2-0.6 x 0.03-0.08 inch] achenes) are
black, straight, and wingless.

Bidens micrantha ssp. kalealaha can be distinguished from other subspecies by the shape of the
seeds, the density of the flower clusters, the numbers of ray and disk florets per head, differences in leaf

surfaces, and other characteristics.

b. Taxonomy

Bidens micrantha was described by Charles Gaudichaud-Beaupré in 1829. Bidens distans was
described by Earl Edward Sherff in 1930 as a Lanai Island endemic, based on three collections from that
island collected between 1910 and 1918 (type=Forbes 148.L, BISH"). Sherff (1951a) described Bidens
micrantha var. rudimentifera based on a specimen of Bidens collected on Haleakala, Maui, by William

H. Hatheway and Amy B.H. Greenwell in 1950. The ssp. kalealaha was described by Kenneth Nagata

>

! Sytematists base scientific names of plants, where possible, on herbarium specimens designated as “types.’
Specimens are cited by giving the collector (Forbes), the collector’s specimen number (148.L), and the specimen’s
location (BISH is the acronym for the Bishop Museum in Honolulu).
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and Fred Ganders (Ganders and Nagata 1983) to combine the Maui and Lanai populations, hence Bidens
micrantha ssp. kalealaha Nagata and Ganders.

The genus Bidens consists of approximately 230 species, mostly native to the Americas, Africa, and
Polynesia, with fewer species in Europe and Asia (Wagner ef al. 1990). The 19 Hawaiian species of the
genus Bidens (Asteraceae) exhibit more morphological diversity than is found in the rest of the genus on
five continents (Ganders and Nagata 1984). The subspecific epithet kalealaha is an anagram of the place
name “Haleakala” (Nagata and Ganders 1983).

c. n Historic Ran Population

Historically, Bidens micrantha ssp. kalealaha was known from Lanai, the south slope of Haleakala
on East Maui, and from one locality on West Maui (Ganders and Nagata in Wagner ef al. 1990). On
East Maui, Hillebrand and Lydgate collected this species at “Kula, Maui” (ca. 1869). Forbes (1920)
collected it above Lualailua Hills and “east of Puu Keokea, south slope of Haleakala.” Hatheway and
Greenwell in 1950 collected Bidens micrantha and made this note: “5 ft. shrub, leaves shiny.
Precipitous headwall of small canyon 200 yds. west of Kahua cabin, south slope of Haleakala. Elev.
7000 ft. Apparently these plants are palatable to feral goats, which have almost destroyed the climax
subalpine woodland of this region. Persists in inaccessible places.”

Ganders and Nagata (1983) state this taxon’s distribution as: “Leeward slopes and inner crater
walls of Haleakala, East Maui, from 750-2,300 meters elevation, and at least formerly on leeward Lanai.”
This taxon remains only on East Maui (Kahua, Manawainui to Wailaulau, and in Haleakala National
Park) on State and Federal land. The four known populations, which extend over an area of about
15 x 3 kilometers (9.3 x 1.8 miles) on leeward East Maui, number no more than 2,000 individuals
(A.C. Medeiros, personal observation 1990; USFWS 1992a).

The four known populations of Bidens micrantha ssp. kalealaha are distributed as follows: (1) on
the southern slope of East Maui at 1,585-1,950 meters (5,200-6,400 feet) elevation, primarily on
drainage headwalls between Manawainui and Wailaulau; (2) farther west, with Dubautia platyphylla, in
several deep pit craters south of Kahua cabin at about 2,085 meters (6,840 feet); within Haleakala
National Park it occurs: (3) sporadically along cliff walls in western Kaupo Gap at 1,830-1,950 meters
(6,000-6,400 feet) and (4) on the inner walls of Haleakala Crater at about 2,195-2,317 meters (7,200-
7,600 feet) (Medeiros, Loope, and Holt 1986).

Bidens micrantha ssp. kalealaha was probably once widespread on East Maui and Lanai, but has
been drastically depleted by feral goats and has survived only on precipitous cliff faces inaccessible to
goats. In October 1990, three years after feral goats were eliminated from Haleakala Crater, eight

26



juvenile plants (5-80 centimeters (1.5-24.4 inches) tall) of this taxon were noted at the base of the steep
walls of western Kaupo Gap in Haleakala National Park on talus slopes and along stream courses at
elevations of 1,800-1,900 meters (5,906-6,334 feet), below cliff faces inhabited by mature plants of the
same species. The largest of the young plants was flowering. This is the first time this taxon was
observed away from its typical near-vertical rock wall habitat. There appears to be ample habitat nearby
for a much greater increase of this species, now that the effect of feral goat browsing has been eliminated

(Loope and Medeiros 1994c).

d. Life History

Bidens micrantha is known to hybridize with other native Bidens such as B. mauiensis (Gray)
Sherff and B. menziesii (Gray) SherfT, and possibly B. conjuncta Sherff (Wagner ef al. 1990).

Little else is known about the life history of Bidens micrantha ssp. kalealaha. Flowering cycles,
pollination vectors, seed dispersal agents, longevity, and specific environmental requirements are

unknown.

e. Habitat Description

The original habitat of Bidens micrantha ssp. kalealaha is diverse, from open-canopy
Metrosideros/Acacia koa forest to montane shrubland to cliff faces. Annual precipitation is in the range
of 75-150 centimeters (30-59 inches). The substrate is comprised mostly of blocky lava flows with little
or no soil development. Surviving Bidens micrantha ssp. kalealaha typically grow on sheer rock walls
at elevations of 1,600-2,300 meters (5,250-7,550 feet). Associated native species include Styphelia
tameiameiae, Coprosma montana, Dodonaea viscosa, Lysimachia remyi, Viola chamissoniana,
Dubautia menziesii, and Dubautia platyphylla. Associated alien species include Holcus lanatus,
Hypochoeris radicata, Oenothera stricta, and Sporobolus africanus (A.C. Medeiros, personal

observation 1990)

f. Reasons for Decline and Current Threats

The primary threats historically responsible for the endangerment of this subspecies were feral goats

and cattle, and competition with alien plant species. Current threats include these:
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1) Feral ungulates

Continuing habitat destruction by feral goats and pigs are major threats to the long-term survival
of Bidens micrantha ssp. kalealaha. On leeward East Maui, within the habitat of this species
outside Haleakala National Park, feral goats have destroyed much of the original native vegetation,
except in those areas inaccessible to them such as sheer rock faces and steep watercourse sides. In
these areas, ridge tops and flat areas are often eroded and pasture-like, with an abundance of alien
plants. Bidens micrantha ssp. kalealaha, quite conspicuous when flowering, is restricted to largely
inaccessible sites. Feral goats have been functionally eliminated within the habitat of this species in
Haleakala National Park. While they are no longer an immediate threat to Bidens micrantha
ssp. kalealaha within the Park, the potential still exists for the ingress and reestablishment of goats.
Feral pigs are also present on the leeward slopes of East Maui within the habitat of this species but
outside Haleakala National Park. They pose a moderate threat to this species, but modest in
comparison to that of feral goats.

Cattle ranching occurs on the southern slope of Haleakala in the vicinity of Bidens micrantha
ssp. kalealaha (R.W. Hobdy, personal communication 1990 in USFWS 1992a). Escaped domestic
cattle pose a moderate threat to the long-term survival of this species.

2) Alien plants

Competition from a variety of invasive plant species threatens Bidens micrantha ssp. kalealaha,
especially in conjunction with ecosystem damage caused by ungulates. Alien plant cover within
Haleakala National Park slows the recovery of this taxon; establishment of new individuals is
largely limited to stream beds, talus slopes, etc., where competition with alien grasses is not intense
(L. Loope, Haleakala National Park, personal observation, October 22, 1990).

3) Fire

Fire is a major potential threat to the survival of Bidens micrantha ssp. kalealaha; a single fire
could affect a significant portion of the population of Bidens micrantha ssp. kalealaha
(A.C. Medeiros, personal communication 1990 in USFWS 1992a).

g. Conservation

Bidens micrantha ssp. kalealaha is not being propagated at any of the collections surveyed by
Mehrhoff (1992)(G. Ray, Center for Plant Conservation, personal communication 1997). Propagating it
by seed is, however, easy and it is being grown by several horticulturists of native species (D. Ragone,

personal communication 1993).
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Control of feral goats has been a priority within Haleakala National Park since the late 1970s. By
the late 1980s, feral goats had been largely eliminated from Haleakala Crater and Kaupo Gap for the first
time since their introduction in the 1800s. Within a few years, new plants of Bidens micrantha
ssp. kalealaha were noted growing in the rocky scree slopes directly below the sheer cliffs where the
species had escaped the feeding of feral goats; this is apparently the first significant recruitment of new
plants of this species in decades. By the early 1990s, these new plants of Bidens micrantha

ssp. kalealaha were flowering and producing seed.

h. Needed Recoverv Actions

1) Construct exclosures on State lands between Kahua cabin and Pahihi.

Without protection, this subspecies will continue to decline due to degradation of habitat by feral
animals, although individuals will survive on vertical and near-vertical rock faces. Exclosures for
protection of this taxon could include other endangered species of the area, such as Huperzia
mannii, Cyanea comata, Ranunculus spp., and Clermontia lindseyana.

2) Outplant into protected sites within former range in a manner that would preserve genetic
distinctiveness of populations.

This genus in Hawaii—and this taxon specifically—are morphologically and genetically
complex. Each population is likely to have its own unique characteristics. Maintenance of the
individual characteristics of discrete populations is always an important factor to consider, but
perhaps more so in this genus and species. Populations of this taxon should be kept discrete, and
outplanting done in a manner that would preserve genetic distinctiveness of individual populations.
It would be appropriate and beneficial to establish new populations within probable former range in
Haleakala National Park and into the TNCH Kapunakea reserve on West Maui.

3) Monitor recovery of this taxon within upper elevation western Kaupo Gap in Haleakala National Park.

What happens at this site will indicate the potential of the taxon to recover elsewhere within its

range.
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8. Clermontia oblongifolia Gaud. ssp. mauiensis (Rock) Lammers

(Hawaiian names for genus: cha wai, oha, haha) Recovery Priority # - 6

a. Description
Appendix D contains a line drawing of Clermontia oblongifolia.

Clermontia oblongifolia ssp. mauiensis is a shrub or tree in the bellflower family (Campanulaceae)
2-7 meters (7-23 feet) tall with oblong to lance-shaped leaves (7-19 x 2-5 centimeters [2.8-7.5 x 0.8-2.0
inches]) on leaf stalks (petioles) about 2-11 centimeters (0.8-4.3 inches) long. The upper leaf surface is
smooth and glossy dark green; the lower leaf surface is whitish green and may be smooth or downy.

The edges of the leaves have small, thickened, rounded teeth. Inflorescences occur on stalks 5-45
millimeters (0.2-1.8 inches) long, bearing two or three flowers, each on an individual stalk 10-45
millimeters (0.4-1.8 inches) long. The curved, smooth, tubular flowers are greenish-white or purplish on
the outside and white or cream within, approximately 6-8 centimeters (2.4-3.2 inches) long and 1-1.3
centimeters (0.4-0.5 inches) wide with a near-hemispherical base. The lobes, except the top one, are erect
or slightly spreading, and as long as the tube. Its berries are orange and nearly spherical, 17-30
millimeters (0.7-1.2 inches) long.

Clermontia oblongifolia is distinguished from other members of the genus by its calyx and corolla,
which are similar in color and are each fused into a curved tube that falls off as the flower ages. The
species is also distinguished by the leaf shape, the male floral parts, the shape of the flower buds, and
the lengths of the leaf and flower stalks, the flower, and the smooth green basal portion of the flower
(the hypanthium) (Degener 1937, Lammers 1988, Lammers in Wagner ef al. 1990, Rock 1913, USFWS
1992a). Subspecies mauiensis is the only subspecies of Clermontia oblongifolia ever found on Maui

and Lanai.

b. Taxonomy

Clermontia oblongifolia was described by Charles Gaudichaud-Beaupré in 1829 based on
specimens he collected in August 1816, probably from Oahu. On discovering a population of Clermontia
oblongifolia on Maui in 1911, J.F. Rock described the variety mauiensis (Rock 1913). The type of the
new variety (J.F. Rock 8804 BISH) was collected in rainforest in Honomanu Valley, northern Haleakala.
In his comprehensive monograph of the Hawaiian lobelia, however, Rock (1919) did not recognize his
own var. mauiensis, stating, “The specimens from Lanai and Maui differ somewhat from the Oahu

specimens, but they must be referred to CI. oblongifolia.”

30



Otto Degener (1937) reinstated the taxon but at the level of a form of Clermontia oblongifolia,
namely forma mauiensis (Rock) Degener. Degener (1937) stated, “Though Rock finally equated his
variety with the species . . ., it proves to be at least a distinct form.” In a precursor to a modern review of
the genus, Lammers (1988) raised the forma mauiensis to its current subspecific status, namely
ssp. mauiensis (Rock) Lammers. A recent review of the genus (Lammers in Wagner ef al. 1990)
recognized three subspecies of Clermontia oblongifolia. Of the three, only the ssp. oblongifolia, which
is restricted to Oahu, is relatively common (Lammers in Wagner ef al. 1990). Degener (1937) stated that
the ssp. oblongifolia is one of the most common Clermontia species in the Koolau Mountains of Oahu,
especially above Honolulu. The ssp. brevipes (F. Wimmer) Lammers, which is restricted to Molokai,
was last collected more than 30 years ago and only twice in the past 60 years. The ssp. mauiensis (Rock)
Lammers historically occurred on Lanai and Maui but is now apparently extirpated from Lanai.

In May 1994, Richard Palmer of the University of Hawaii at Manoa collected material possibly
referable to Clermontia oblongifolia ssp. mauiensis at 945 meters (3,100 feet) elevation on the lower
flume road in Koolau Forest Reserve, northwest Haleakala. Two individuals were observed on jeep road
cuts, with Clermontia arborescens and Clermontia kakeana growing nearby. DNA analysis of these
specimens and material from the West Maui Clermontia oblongifolia ssp. mauiensis indicates that
Clermontia oblongifolia and its subspecies may be hybrids of Clermontia arborescens and Clermontia
kakeana (R. Palmer, personal communication 1997). To date, this information has not been confirmed
via peer review and publication in botanical journals. The genus Clermontia comprises 22 species, all
restricted to the Hawaiian Islands. The specific epithet oblongifolia refers to the oblong shape of the leaf

blade. The subspecies epithet mauiensis refers to Maui Island, part of its range.

c. ent and Historic R nd Population

Historically, Clermontia oblongifolia ssp. mauiensis is known from Lanai and Maui (Lammers in
Wagner et al. 1990). On Lanai, the subspecies mauiensis was first collected by Rock in Mahana Valley
(Rock 8014-a) and Kaiholena Valley (Rock 8014-b) (Rock 1919). The taxon was last collected on that
island in 1913 (Forbes 44.L; Munro 55 BISH) (Lammers in Wagner et al. 1990). For East Maui, Rock
(1913) stated regarding the ssp. mauiensis, “A small tree 15 to 18 feet high, resembling very much the
species on Oahu. This tree is not at all common, but can be found on the island of Maui on the windward
slopes of Mt. Haleakala along the Kailua ditch trail in the valley of Honomanu at an elevation of 853-914
meters (2,800 to 3,000 feet) in the rainforest . . . The tree grows in company with Clermontia
macrocarpa (= Clermontia kakeana), which is the most common species in that locality, and Clermontia

arborescens.” The last collection of this taxon on East Maui (Degener 7947 GH US) was made in 1927
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(Lammers in Wagner ef al. 1990). On West Maui, the ssp. mauiensis was collected for the first time
(Lammers and Hobdy #5690 Ohio State Herbarium) in the 1980s. This single individual exists along the
trail to Puu-kukui in the Honokowai section of the West Maui NAR on State land (Lammers in Wagner
et al. 1990).

In summary, Clermontia oblongifolia ssp. mauiensis is currently known to exist only on West
Maui. Good quality habitat still exists for this species in the windward rainforests of East Maui, and this
taxon may still occur there. Because of the degradation of forest in its former habitat on Lanai, this taxon

is likely extirpated on that island.

d. Life History

Clermontia oblongifolia ssp. mauiensis is known to flower from November to July (Rock 1919).

Little is known regarding pollination vectors, seed dispersal, or other factors.

e. Habitat Description

Clermontia oblongifolia ssp. mauiensis typically grows on the sides of ridges in ohia-dominated
montane wet forest at elevations between 850-900 meters (2,790-2,950 feet) (Hawaii Heritage Program
[HHP] references; Rock 1913). Associated native species include Coprosma, Clermontia, Hedyotis, and

Melicope (R.W. Hobdy, personal communication in USFWS 1992a).

f. Reasong for Decling and Current Threats

Possible causes for the historical decline of this species include feral pigs, rodent and slug predation,
and loss of pollinators.
Current threats include:
1) Small population size
Because no more than a single individual of Clermontia oblongifolia ssp. mauiensis is known to
exist, a single natural or human-caused environmental disturbance could easily be irreversibly
catastrophic. In addition, the extremely limited gene pool may depress reproductive vigor.
2) Feral pigs
The single known individual of Clermontia oblongifolia ssp. mauiensis is not currently

threatened by rooting of feral pigs (R. Hobdy, personal communication 1995). However, habitat
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degradation by feral pigs would be a major threat to any other existing populations or individuals

located in areas accessible to pigs.

g Conservation

Over the past three years, Maui Land and Pine and TNCH have conducted management for the
reduction of pigs in Kapunakea Preserve and the Honokowai section of the West Maui NAR where this
subspecies still occurs. The combination of fencing, snaring and hunting under this program has reduced
pigs to the point where they are no longer a direct threat to the single known individual of Clermontia
oblongifolia ssp. mauiensis, so localized fencing for this individual is no longer necessary (R. Hobdy,
personal communication 1995).

Germ plasm from Clermontia oblongifolia ssp. mauiensis is not held in any ex situ collections (G.
Ray, Center for Plant Conservation, personal communication 1997). Fruits from the East Maui plants
were collected and provided to the Lyon Arboretum (R. Palmer, personal communication 1997).
Attempts by Lyon Arboretum to propagate Clermontia oblongifolia ssp. mauiensis were unsuccessful

(G. Ray, Center for Plant Conservation, personal communication 1997).

h. Needed Recovery Actions

1) Complete taxonomic studies to determine subspecific status of the possible Koolau Forest Reserve
Clermontia oblongifolia ssp. mauiensis population.

Results of these studies should be used to determine appropriate management actions for these
individuals.

2) Search for East Maui individuals of Clermontia oblongifolia ssp. mauiensis.

Searches should be made on windward slopes (Huelo to eastern Kaupo) at 750-1,100 meters
(2,500-3,500 feet) elevation. A definitive determination of Richard Palmer’s recent specimen from
Waikamoi should be made before more extensive exploration.

3) Propagate and outplant in protected areas.

Establish in protected reserves on Maui in suitable habitat. Potential prime sites include
TNCH’s Kapunakea Preserve and West Maui State NAR for West Maui material and the Kipahulu
section of Haleakala National Park for East Maui material.
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6. Cyanea lobata Mann

(Hawaiian names for genus: haha) Recovery Priority # - §

a. Description
Suitable drawings depicting Cyanea lobata are not available.

Cyanea lobata, a member of the bellflower family (Campanulaceae), is a sparingly branched shrub
1.3-2.3 meters (4.3-7.5 feet) tall with smooth to somewhat rough stems and oblong, irregularly lobed
leaves 30-50 centimeters (12-20 inches) long, which may be broader at the end than at the base. The tops
of the leaves are smooth; the lower surfaces may be rough and/or downy along the veins. The leaf stalks
(petioles) are 7-22 centimeters (3-9 inches) long and are somewhat rough. Flower clusters
(inflorescences) occur on stalks 30-75 millimeters (1.2-3.0 inches) long bearing 5-12 flowers, each on an
individual stalk 18-35 millimeters (0.7-1.4 inches) long. The base of each flower is 8-12 millimeters
(0.3-0.5 inches) long and 3-6 millimeters (0.1-0.2 inches) wide. The flowers are partially tubular, curved,
greenish-white or purplish, 60-70 millimeters (2.4-2.8 inches) long and 5-11 millimeters (0.2-0.4 inches)
wide, downy at least on the spreading lobes, which are approximately as long as the tube. The berries are
vellow and spherical. Degener (1936) describes this species (as C. baldwinii) as a “branched straggling
shrub with one of the branches taking root again in the ground.”

This species is distinguished from other species of Cyanea by the size of the flower and the

irregularly lobed leaves with petioles.

b. Taxonomy

Cyanea lobata was described by Horace Mann, Jr., in 1867 based on a specimen collected by Mann
and William Tufts in Waihee Valley, West Maui, in 1864-1865 (Mann and Brigham 467). Rock (1919)
described a new variety of this species, var. hamakuae, from specimens from Hamakua and Nahiku,
windward East Maui. Lammers in Wagner ef al. (1990) reassigned this variety to Cyanea grimesiana
ssp. grimesiana.

Cyanea baldwinii was described by C.N. Forbes and G.C. Munro in 1920 based on Munro 674
(BISH, NY) collected in 1919. Lammers (in Wagner ef al. 1990) treated Cyanea baldwinii as
a synonym of Cyanea lobata. St. John and Takeuchi (1987) questioned the distinctions between the two
closely related Hawaiian endemic genera Cyanea and Delissea. St. John (1987) merged the two genera

under the older generic name Delissea, creating the new combinations, Delissea baldwinii (Forbes and
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Munro) St. John and Delissea lobata (H. Mann) St.John. A recent treatment of the genus Cyanea
(Lammers in Wagner ef al. 1990) did not accept the generic changes proposed by St. John (1987).

As currently accepted, the genus Cyanea consists of 52 species, entirely restricted to the Hawaiian
Islands (Lammers in Wagner ef al. 1990). The specific epithet lobata refers to the characteristic irregular
lobing of the leaf blades.

C. n Historic Range and Population

Historically, Cyanea lobata was known from Lanai and West Maui (Lammers in Wagner ef al.
1990). On Lanai, Cyanea lobata (formerly C. baldwinii) was known from a single plant discovered in
1919. Though Munro collected a number of specimens of this species, all were from a single plant
located at approximately 915 meters (3,000 feet) elevation at the extreme head of Hookio Gulch near the
island’s summit, Lanaihale, at 1,030 meters (3,380 feet) elevation. Despite intensive ficld work on that
island in search of this species from 1919 to 1934, Munro found no other individuals of this taxon.
Munro propagated material of the single known individual, outplanting individuals in the mountains of
Lanai at Lanaihale and Waikeakua and in the garden at his residence on Tantalus, Oahu. Degener (1936)
noted that by the 1940s, the original plant and all outplantings of Cyanea baldwinii on Lanai had
perished. This species has not been collected since on that island.

On West Maui, based on his own collections made in the 1870s, Hillebrand (1888) stated regarding
the distribution of Cyanea lobata, “gulches of Kaanapali, Honokahau, Wailuku, and elsewhere.” No
other collections were made on West Maui for more than a century. Cyanea lobata was rediscovered on
West Maui in 1982 (R.W. Hobdy 1675 BISH) at 600 meters (2,000 feet) elevation in Waikapu Valley on
privately owned land. The single known plant of this species was later destroyed by a landslide triggered
by heavy rains (Hobdy ef al. 1990, Lammers in Wagner ef al. 1990). Based on its fairly extensive
historical distribution and the lack of adequate surveys due to the inaccessibility of steep slopes in the

West Maui mountains, there is a good chance that Cyanea lobata may still be extant.

d. Life History

Though a low, soft-wooded shrub, this species can be relatively long-lived. The sole individual of
this species known from Lanai was discovered as an adult in 1919 and was still living in 1934, some 15
years later (Degener 1936).

Cyanea lobata is known to flower from August to February, even in individuals as small as 50

centimeters (19.7 inches) in height (Rock 1919, Degener 1936).
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e. Habitat Description

Cyanea lobata has been seen and collected on steep stream banks at elevations of 550-915 meters

(1,805-3,000 feet).

f. Reasons for Decline and Current Threats

The primary threats believed historically responsible for the endangerment of this species are the
impacts of feral pigs, possible predation by rats and slugs, and possible loss of pollinators.

Current threats to Cyanea lobata include:
1) Feral pigs

Habitat degradation by feral pigs is a major threat to any Cyanea lobata populations or
individuals located in areas accessible to pigs on West Maui.

2) Human impacts (collecting and site degradation)

Illegal collecting for scientific or horticultural purposes or excessive visits by individuals
interested in seeing rare plants could result from increased publicity and would seriously threaten
Cyanea lobata. Because of the few (if any) remaining individuals in existence, collection of whole
plants or reproductive parts and/or site degradation caused by excessive foot traffic, would adversely
impact the gene pool and threaten the survival of the taxon.

3) Small population size

The likely very small number of remaining individuals—if there are any— of Cyanea lobata and
the limited and scattered distribution of the species are threats since a single natural or human-
caused environmental disturbance could easily be catastrophic to all or part of the populations. In
addition, the limited gene pool may depress reproductive vigor. Finally, cross-pollination would be

a problem for single, isolated individuals.

g. Conservation

Cyanea lobata was propagated by Munro in the past but is not currently being propagated at any of
the collections surveyed by Mehrhoff (1992) (G. Ray, Center for Plant Conservation, personal

communication 1997).

h. Needed Recovery Actions
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1) Search for any individuals of this species in former habitat.
The best chance for rediscovery of this species is in the mountains of West Maui. Habitat on
Lanai is extremely limited (R.W. Hobdy, personal communication 1994). Searches should start in
but not be limited to, Waikapu Valley where the species was last seen in 1982. Upper Kauaula
Valley (western West Maui) is a good candidate. The vegetation of steep walls in deep valleys of
windward West Maui is largely intact, with little alien plant invasion. There is a very good chance
that this species occurs on steep walls of one or more valleys of West Maui, in sites inaccessible by
normal means but accessible to climbers fully equipped with ropes, etc.
2) If plants are located, create new populations.
West Maui has a number of ungulate-free reserves, where pigs are removed, which would be

good sites for new populations.

7. Cyanea mceldowneyi Rock

(Hawaiian names for genus: haha) Recovery Priority # - 2

a. Description

Suitable drawings depicting Cyanea mceldowneyi are not available.

Cyanea mceldowneyi, a plant of the bellflower family (Campanulaceac) is an unbranched shrub 2-3
meters (6.6-9.8 feet) tall with rough to prickly stems. Leaves of adult plants are oblong to inverted lance-
shaped, 20-35 centimeters (7.9-13.8 inches) long, and 5-9 centimeters (2.0-3.5 inches) wide. The leaves
have smooth to somewhat rough green upper surfaces and pale green, lightly downy undersides and are
characterized by thickened, finely toothed edges and a pointed wedge-shaped base on smooth to rough leaf
stalks (petioles) 3.5-6 centimeters (1.4-2.4 inches) long. Juveniles exhibit leaves that are oval to egg-
shaped (large end at tip), 15-22 centimeters (5.9-8.7 inches) long and 5-9 centimeters (2.0-3.5 inches)
wide with prickly green upper surfaces; pale-green, downy and prickly undersides; thickened, toothed
edges; and a rounded base on prickly leaf stalks (petioles) 2.5-4.5 centimeters (1.0-1.8 inches) long.
Flower clusters (inflorescences) occur on stalks (peduncles) 15-30 millimeters (0.6-1.2 inches) long
bearing five to seven flowers, each flower on an individual stalk (pedicel) 10-14 millimeters (0.4-0.6
inches) long. The base of each flower is approximately 5 millimeters (0.2 inches) long and 4 millimeters
(0.2 inches) wide. The flowers are partially tubular, curved, rough-surfaced and white with purple

longitudinal stripes. Flowers are approximately 40 millimeters (1.6 inches) long and 8 millimeters (0.3
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inches) wide, with the spreading lobes being about as long as the tube. The appearance and size of the
berries are unknown.

This species is distinguished from other species of Cyanea by the combination of a densely armed
trunk, long (40 millimeter [1.6 inches]) white-colored corollas, and leaf blade size and shape.

b. Taxonomy

Cyanea mceldowneyi was described by J.F. Rock (1957) based on the type specimen (Rock 25610
BISH) collected in rainforest west of Waikamoi Gulch, northwestern Haleakala, in 1954. Rock (1957)
considered this taxon most closely related to Cyanea rollandioides Rock, now a synonym of Cyanea
platyphylla (Gray) Hillebr., endemic to Hawaii Island. St. John and Takeuchi (1987) questioned the
distinctions between the two closely related Hawaiian endemic genera, Cyanea and Delissea. St. John
(1987) merged the two genera under the older generic name Delissea, creating the new combinations,
Delissea baldwinii (Forbes and Munro) St. John and Delissea lobata (H. Mann) St. John. A recent
treatment of the genus Cyanea (Lammers in Wagner ef al. 1990) did not accept the generic changes
proposed by St. John (1987).

As currently accepted, the genus Cyanea consists of 52 species, entirely restricted to the Hawaiian
Islands (Lammers in Wagner et al. 1990). The specific epithet mceldowneyi honors Mr. George
McEldowney, Kula (Maui) resident and friend of the species’ author, Joseph F. Rock.

c. Histori¢ R Population

Historically, Cyanea mceldowneyi is known from rainforest from west of Waikamoi to Honomanu
on northwestern Haleakala at 925-1,280 meters (3,030-4,200 feet) elevation (Rock 1919, Lammers in
Wagner ef al. 1990). Currently, this species is known from six populations, ranging from 899-1,280
meters (2,950-4,200 feet) in elevation, in the vicinity of Waikamoi Drainage on East Maui. All
populations occur on private land owned by Alexander & Baldwin, none of which is part of the TNCH
Waikamoi Preserve. All populations but one contain fewer than 10 individuals (R. Palmer, personal
communication 1994). The “large” population of Cyanea mceldowneyi, which contains an estimated
100+ individuals, has been drastically reduced by feral pig impacts since the late 1970s (A.C. Medeiros
and R W. Hobdy, personal observations 1994). Feral pig activity is intense in the area, with much fresh
disturbance (A.C. Medeiros, R.-W. Hobdy, L. Loope, and P.A. Thomas, personal observations 1994).
The status of the Honomanu population is not known.
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d. Life History

No details are known.

e. Habitat Description

The habitat of Cyanea mceldowneyi is montane wet forest with mixed Mefrosideros and Acacia
koa. A detailed description of the habitat, species composition, etc., in the vicinity is given by Kitayama
and Mueller-Dombois (1992). Cyanea mceldowneyi typically grows at elevations between 925 and
1,280 meters (3,034 and 4,200 feet).

Associated native plants include Melicope clusiifolia, Hedyotis, Metrosideros polymorpha, Acacia
koa, Clermontia arborescens, Diplazium sandwichianum, Broussaisia arguta, Cibotium, Cyrtandra,
Dicranopteris linearis, and Cheirodendron trigynum (USFWS 1992a; HPCC 1994). Associated alien

plants include Ageratina adenophora, Rubus argutus, Setaria palmifolia, and Tibouchina herbacea.

f. Reasons for Decling and Current Threats

The primary threats thought to be historically responsible for the endangerment of this species
include: destruction of habitat by cattle and feral pigs and impacts by alien slugs and black rats.
The main current threats to Cyanea mceldowneyi include:
1) Impacts of feral pigs
Habitat degradation and physical destruction by feral pigs is the major threat to Cyanea
mceldowneyi. This species has undergone a substantial decline since the late 1970s in the vicinity
of the Lower Waikamoi Flume, clearly attributable to direct impacts of feral pigs (A.C. Medeiros
and R.W. Hobdy, personal communication 1994).
2) Alien plants
Habitat degradation by feral pigs works in concert with invasion of alien plant species. As of
1994, palmgrass (Setaria palmifolia) is rapidly spreading unchecked into the habitat of Cyanea
mceldowneyi. Palmgrass invades the stream banks where C. mceldowneyi grows, forming dense

stands and displacing native vegetation,
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g. Conservation

Cyanea mceldowneyi has been successfully propagated by the Lyon Arboretum on Oahu (G. Ray,

Center for Plant Conservation, personal communication 1997).

h. Needed Recovery A@'gn_s

1) Protect habitat of known populations of Cyanea mceldowneyi, especially the large population.
2) Construct a series of exclosures to protect extant populations in the lower Waikamoi area.
3) Establish new outplanted populations within protected (i.e., fenced) appropriate habitat in the
Waikamoi area.
Some of the same areas could also be used for outplanting Clermontia oblongifolia
ssp. mauiensis. Do weed control if it is needed and can be done without undue ground disturbance.
4) Determine status of Honomanu population and manage appropriately.
If this population is extant and pigs are present, consider low-impact construction of woven-wire
exclosure to protect from feral pigs. Do weed control if needed and practical without undue ground

disturbance.

8. Geranium arboreum Gray

(Hawaiian names: nohoanu, hinahina) Recovery Priority # - 2

a. Description
Appendix D contains a line drawing of Geranium arboreum.

Geranium arboreum, a member of the geranium family (Geraniaceae), is a large, branched,
spreading shrub 2-4 meters (6.6-13.1 feet) tall. The green and somewhat hairy leaves, alternating closely
after one another on the stem, are oval- or heart-shaped, usually 4-7 centimeters (1.6-2.8 inches) long and
2.5-4.5 centimeters (1.0-1.8 inches) wide with 5-8 noticeable veins and 8-14 small teeth on each edge.
The leaf stalks (petioles) are 1-3 centimeters (0.4-1.2 inches) long and are encircled beneath (subtended)
by tiny (12-14 millimeters [0.5-0.6 inch]), hairy, leaf-like appendages (stipules), which persist after the
leaves have fallen. Magenta flowers 20-25 centimeters (7.9-9.8 inches) long occur in short-stalked
groups of usually one to four, originating from the point of attachment of leaves to the stem. The upper
three petals are erect, and the lower two petals are bent abruptly backward. Its flowers are the only ones
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in the genus that are zygomorphic (not symmetrical like pie slices around a central point). A single dark-
purple, net-surfaced 2.5 millimeter (0.1 inch) seed is produced in each of five cells of the elongated fruit.

b. Taxonomy

Geranium arboreum was described by Asa Gray (1854) from specimens collected by Charles
Pickering and William Brackenridge of the U.S. Exploring Expedition on Haleakala, Maui, in 1841. In
1956, Degener and Greenwell changed the plant's name to Neurophyllodes arboreum; however, Gray's
placement of the plant in Geranium is accepted by other botanists (Wagner ef al. 1990).

The genus Geranium comprises 300 species worldwide, especially in temperate and warm temperate

regions (Cronquist 1981). The specific epithet arboreum refers to the tree-like habit of this species.
c. Historic R: lation

The original range and abundance of Geranium arboreum are unknown; however, late 19th- and
early 20th-century collections indicate that it once grew at elevations as low as 610 meters (2,000 feet) on
the southern slopes of Haleakala Volcano, and that its distribution on the northern slopes extended
beyond its presently known range. Today, isolated populations of Geranium arboreum grow primarily in
steep, narrow gulches at 1,525-2,135 meters (5,000-7,000 feet) elevation on the northern and western
slopes of Haleakala Volcano, East Maui (USFWS 1992b). At least 300 plants remain (Funk 1988) in 21
distinct sites (A. Medeiros, personal observations 1995). At least 250 plants occur in a single population
in the Kula Forest Reserve. The remainder are mostly in two populations in the Hosmer Grove/Puu
Nianiau area on the northwestern slope of Haleakala volcano on lands belonging to Haleakala Ranch,
Haleakala National Park (fewer than six plants known), and Waikamoi Preserve. A few individuals occur
in a fourth population on the privately owned Kaonoulu and Erehwon Ranch lands on western Haleakala
(USFWS 1992b).

d. Life History

Geranium arboreum is the only species in its genus that appears to be bird-pollinated. Native
honeycreepers appear to be a major pollination vector. Geranium arboreum from the southwest area of
Haleakala in the Kula Forest Reserve produce seeds that are larger and fuller than seeds from the
northwest extension of its distribution (A.C. Medeiros, personal observation 1994). Native

honeycreepers are reasonably abundant at both sites. It is possible that the larger numbers and clumped
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distribution of the southwest rift populations facilitate inter-plant visits by native birds and higher

outcrossing frequency.

e. Habitat Description

Typical habitat of this rare shrub is in moist gulches near the upper limit of native forest growth.
The remaining isolated populations of Geranium arboreum grow in steep, narrow canyons on the north
and west outer slopes of Haleakala Volcano at 1,525-2,135 meters (5,000-7,000 feet) elevation in
a narrow band (0.25 x 14 kilometers [0.16 x 8.7 miles]). The environment of these gulches is damp and
shaded part of the day and often in clouds, as a result of the coincidence of this band with the layer just
below the trade-wind inversion, an important meteorological phenomenon in the Hawaiian Islands. Fog
drip is frequent. The climate zone just above is substantially drier and supports native shrubland, not
forest. Geranium arboreum plants appear to obtain a significant portion of their water requirement by
“combing” moisture out of the drifting fog (Funk 1982). Currently, vegetation in the ravines is often
quite dense and consists mainly of mostly medium-sized woody shrubs, alien grasses and weeds, and
mixed ferns (Funk 1982).

Associated native species include Sophora chrysophylla, Vaccinium reticulatum, Dodonaea,
Styphelia, Rubus hawaiiensis, Dryopteris wallichiana, Metrosideros, Myrsine lessertiana, and
Coprosma (HPCC 1994). Associated alien species include Ageratina adenophora, Holcus lanatus,
redwood, and pines (HPCC 1994; A.C. Medeiros, personal observation 1994).

Geranium arboreum is a minor component of the vegetation occurring in small isolated populations
in the gulches. The habitat of nearby and surrounding areas is subalpine or mesic shrubland; a few
Geranium arboreum individuals grow near areas that have been converted to agricultural uses such as

pasture land or experimental tree plots.

f R ns for Declind

The primary threats historically responsible for the endangerment of this species include the impacts
of alien cattle, goats, pigs and plants, and fire, which is known to have destroyed four individuals in the
Kula Forest Reserve in 1984 (R.W. Hobdy, personal communication 1994).

The main current threats to Geranium arboreum include:

1) Alien plants
Displacement by alien plant species, primarily grasses and trees, poses the current primary threat

to the long-term survival of Geranium arboreum. Mats of alien grasses cover ground that would
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otherwise be available to Geranium seedlings. Alien tree species (€.g., Acacia mearnsii and
Myrica faya) eventually form such dense stands that they virtually exclude native species, including
Geranium arboreum. In the Polipoli Springs area at certain times of the year, pollen from alien
pine trees completely covers the stigmas of G. arboreum and precludes any fertilization by its own
species. Geranium arboreum does, however, have a longer flowering period than do the alien pines
(Funk 1982, 1988; USFWS 1992b).
2) Impacts of feral pigs, cattle and goats
Feral animals continue to exert negative impacts on Geranium arboreum.
3) Fire
Fires in the habitat of Geranium arboreum continue to be of concern,
4) Small population size

The scattered distribution of the species has the positive effect of reducing the chance that
a single natural or human-caused environmental disturbance could affect all populations. However,
since the approximately 300 extant individuals occur in about 21 sites (grouped into four
populations), each with only 1 to 25 plants, the limited local gene pools may depress reproductive
vigor,

5) Human impacts (collecting and site degradation)

Tlegal collecting for scientific or horticultural purposes or excessive visits by individuals
interested in seeing rare plants could result from increased publicity, and could seriously impact
Geranium arboreum. The species is attractive and could become the subject of increased collection
in the future (USFWS 1992b).

6) Rabbits

Rabbits almost became established on East Maui within Haleakala National Park in 1990 as
a result of release of pet rabbits by a careless pet owner. Rapid response by Park management to the
problem is apparently all that prevented a catastrophe. The site where the incipient rabbit
population existed was adjacent to habitat of Geranium arboreum. 1t is almost certain that similar
incidents will occur in the future. If rabbits were to establish, they would pose a severe threat to the

survival of this species.

g._Conservation

Geranium arboreum is not being propagated at any of the collections surveyed by Mehrhoff (1992)
(G. Ray, Center for Plant Conservation, personal communication 1997). However, it is grown as an

ornamental by a number of individuals. Varying degrees of success have been reported with efforts at
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raising plants from wild-collected seed, inherent vigor, possibly genetic, of the seeds seems to have
a direct correlation with the success of the seedlings. A cutting of Geranium arboreum has been
successfully rooted on at least one occasion.

A very small proportion of the extant individuals of Geranium arboreum occurs within Haleakala
National Park. Although the National Park Service does provide active management protection to
sensitive resources, the small percentage of habitat of Geranium arboreum within the Park limits the

potential benefits of Park management for this species (USFWS 1992b).

h. Needed Recovery Actions

1) Protect extant populations of this species by constructing a series of five to eight exclosures from
leeward Haleakala to Puu Koolau, northwestern Haleakala.

Many sites on northwestern and southwestern Haleakala Volcano still have appreciable numbers
of Geranium arboreum on which to center exclosure locations. On leeward Haleakala, this species
is apparently extirpated and should be re-established from seed from the nearest extant populations,
i.e., those of the southwest rift. Owners of sites appropriate for exclosures are the State of Hawaii
(Kula Forest Reserve), Haleakala Ranch, Haleakala National Park, and TNCH (Waikamoi
Preserve).

2) Conduct/encourage work on pollinators and reproductive biology.

Lack of adequate pollination may be a crucial limiting factor for this species. Emphasis of this

work is to determine how important native honeycreeper birds are to quantity and quality of seed set

of this species.

9. Geranium multiflorum Gray

(Hawaiian names: nohoanu, hinahina) Recovery Priority # - 8

a. Description

Appendix D contains a line drawing of Geranium multiflorum.

Geranium multiflorum, a member of the geranium family (Geraniaceae), is a compact, many-
branched shrub 1-3 meters (3.3-9.8 feet) tall. Its stems are gray to reddish or dark-gray. The oval-shaped
leaves, green and sometimes smooth on top and grayish and silky below, alternate on the stem of the plant
and are prominently bunched only near the ends of the branches. The leaves are usually about 4.5-7

centimeters (1.8-2.8 inches) long and 1.5-3 centimeters (0.6-1.2 inches) long with 7-11 noticeable veins.
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The edges of the leaves have tiny teeth to at least 1/3 the distance from the leaf apex to the base. The leaf
stalks (petioles) are usually 1.5-2.5 centimeters (0.6-1.0 inches) long and are encircled beneath
(subtended) by small awl-shaped leaf-like appendages (stipules) on the main plant stem that persist,
covering the branches after the leaves have fallen. White flowers, normally with purple veins and purple
at the center, have petals 10-15 millimeters (0.4-0.6 inches) long and usually occur in groups of 25-50,
which extend beyond the leaves. A single dark reddish-brown shiny, lightly net-surfaced 2 millimeter
(0.08 inch) seed is produced in each of five cells of the elongated fruit.

Geranium multiflorum is distinguished from others of the genus by its white, regularly symmetrical
flowers and by the shape and pattern of teeth on its leaf margins. However, the species is morphologically
and perhaps genetically variable. The variability, especially in terms of leaf size, shape, and leaf

pubescence, exceeds that of all other species of Hawaiian Geranium.

b. Taxonomy

Geranium multiflorum was described by Asa Gray (1854) based on specimens collected by Charles
Pickering, a member of the U.S. Exploring Expedition, on Maui in 1841. Other published names
referring to the taxon as it is currently defined (Wagner ef al. 1990) include Geranium ovatifolium (Gray
1854), Geranium multiflorum var. canum (Hillebrand 1888), Geranium multiflorum var. ovatifolium
(Fosberg 1936), Geranium multiflorum ssp. ovatifolium (Carlquist and Bissing 1976), Neurophyllodes
ovatifolium (Degener and Greenwell 1952), Neurophyllodes multiflorum (Degener and Greenwell 1952),
Neurophyllodes ovatifolium var. forbesii (Degener and Degener 1967), and Neurophyllodes ovatifolium
var. superbum (Degener and Degener 1967). St. John (1973) reinstated Degener's genus Neurophyllodes
as Geranium in 1973, creating the new combinations Geranium multiflorum var. forbesii and Geranium
multiflorum var. superbum. The current treatment (Wagner ef al. 1990) does not recognize any
infraspecific taxa of Geranium multiflorum.

The genus Geranium comprises 300 species worldwide, especially in temperate and warm temperate

regions (Cronquist 1981). The specific epithet multiflorum refers to the many-flowered inflorescences.

c. nt and Historic Range and Population Sta

Historically, Geranium multiflorum was known from Ukulele, Waicleele, and Waianapanapa on
East Maui. This species is now known from Haleakala National Park, Hanawi Natural Area Reserve,
Koolau Forest Reserve, and Waikamoi Preserve on Federal, State, and private (TNCH) land. The eleven

known populations extend over a distance of about 10.5 x 5.5 kilometers (6.5 x 3.4 miles). Due to the
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inaccessibility of the populations and the difficulty in determining the number of individuals (due to the
plant's multi-branched form), the total number of individuals of this species is not known. However, it
probably does not exceed 3,000 plants. In Koolau Gap, this species is sympatric with and may hybridize

with Geranium cuneatum ssp. tridens.

d. Life History

No details are known.

e. Habitat Description

The habitat of Geranium multiflorum encompasses diverse vegetation types, with a range of mean
annual precipitation from as low as 60 centimeters (23.6 inches) to over 500 centimeters (16.4 feet).
Occurring primarily on the windward side of East Maui, this species is found mostly within wet forests.
Substrates range from lava flows to rich soils. Geranium multiflorum grows at 1,580-2,260 meters
(5,183-7,415 feet) in elevation—in montane grasslands, montane bog edges, fog-swept lava flows, gulch
slopes of montane wet forests, and occasionally in subalpine shrublands.

The largest, loosely contiguous population of this species occurs in the tangled shrub ecotone
between Metrosideros forest and Deschampsia grasslands on the northem outer slopes of Haleakala.
Here, Geranium multiflorum is a distinctive and characteristic part of the area's vegetation. It also occurs
in much drier habitats in Haleakala Crater and in Koolau Gap on sparsely vegetated lava. In these sites,
the leaves of the species are much smaller and more down-covered (canescent) than in wetter locales.

Associated native species include Vaccinium reticulatum, Vaccinium calycinum, Metrosideros
polymorpha, Coprosma, Styphelia tameiameiae, and Sadleria cyatheoides. Associated alien species
include Dactylis glomerata, Holcus lanatus, Hypochoeris radicata, Juncus planifolius, and Rubus

argutus.

f. Reasons for Decline an ent Thri

The primary threats historically responsible for the endangerment of this species were the impacts of
feral goats and pigs.

The main current threats to Geranium multiflorum include:
1) Feral ungulates

The browsing of feral goats and rooting of feral pigs continue to threaten this taxon.
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2) Alien plants
In the moister parts of its range (ecotone of forest and Kalapawili grasslands, backwalls of
Kipahulu Valley, and near Paliku), the