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EXECUTIVE SUMMARY

Haplostachys haplostachya (Honohono) is an endangered perennial shrub from the mint family
(Lamiaceae). This species occurs in upper montane to subalpine areas on the island of Hawai‘i,
in the district of Hamakua. The only remaining wild plants are found at or nearby the Pohakuloa
Training Area (PTA), located between the Mauna Kea, Mauna Loa, and Hualalai mountains.
This shrub occurs at elevations ranging from 1500-1800 meters. All remaining wild populations
are located on the Southern and western slopes of semi-arid shrubland cinder cones (pu‘u),
where afternoon fog is intercepted (USFWS 1993, p.7).

Haplostachys haplostachya occurs in two habitat types with 14 known populations, seven of
which are wild populations. All age classes are represented, but field surveys of outplanted
individuals revealed that minimal recruitment has occurred. The main threats for H.
haplostachya are invasive species (such as ungulates and nonnative plants), wildfires, land use
changes, loss of pollinators and reduced reproductive success, disease, loss of genetic diversity,
and climate change. Conservation actions for this species includes the fencing of wild
populations and eradication of feral ungulates, rats, and nonnative plants, propagation, and
outplanting. Conservation actions vary among populations, but PTA has fenced all wild
populations, and one of two locations at Pu‘u Anahulu Mauka is fenced, for a total of 97% of the
population counted at PTA protected by fencing. The outplanted populations at Pu‘u huluhulu,
Pu‘u wa‘awa‘a, and Kipuka Oweowe are all fenced. Both of the outplanted populations of H.
haplostachya in Hawaii Volcanoes National Park (HAVO) are also fenced.

The species viability is measured by assessing the conservation principles of resiliency,
redundancy, and representation. In this report, we identify resiliency as the capacity of a species
to survive stochastic events and use population size as our measurement of that ability.
Redundancy is defined as having sufficuent resilient populations distributed across the landscape
to survive catastrophic events. For redundancy, we will use the number of distinct populations
over the habitat range. Finally, representation is defined as maintaining genetic diversity by
having more than one population distributed across a variety of habitat types and representing the
genetic structure of the species, thereby increasing the ability to survive changing environmental
conditions over time. Because many of the poplutions are large, seed germination is low, but
regeneration is occuring, we have assessed the overall viability of H. haplostachya as low to
moderate.
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INTRODUCTION

Haplostachys haplostachya (honohono) is an endangered perennial shrub from the Lamiaceae
(mint) family. This species occurs in upper montane to subalpine areas on the island of Hawai‘i.
The only remaining wild plants are found nearby at Pu‘u Anahulu and within the PGhakuloa
Training Area (PTA), located between the Mauna Kea, Mauna Loa, and Hualalai mountains.

Species Report Overview

This Species Report summarizes the biology and current status of Haplostachys haplostachya
and was conducted by Pacific Islands Fish and Wildlife Office. This report provides an in-depth
review of the species’ biology, factors influencing viability (threats and conservation actions),
and an evaluation of its current status and viability.

The intent is for the Species Report to be easily updated as new information becomes available,
and to support the functions of the Service’s Endangered Species Program. As such, it will serve
as a living document and biological foundation of other documents including recovery plans,
status in biological opinions, and 5-year reviews.

Regulatory History

Haplostachys haplostachya was listed as endangered under the Endangered Species Act of 1973
(16 U.S.C. 1531 et seq.), as amended (ESA) on October 30, 1979 (Federal Register
44(211):62468-62470). A draft recovery plan was written and published September 20, 1993.
Critical habitat was designated for this species in 2003 (Federal Register 68(127):39624-39761).
The most recent 5-year review was completed on April 8, 2010. During this review the recovery
priority was elevated from 2 to 1 (based on USFWS scale of 1-18) since it is the only extant
species within the Hawaiian endemic genus and is effectively a monotypic species.

Methodology

We used the best scientific and commercial data available to us, including peer-reviewed
literature and grey literature (government and academic reports). Because some information
is not available about Haplostachys haplostachya, we used data available from other plants
within the same family to fill in data gaps such as plant biology to identify needs of
individuals, populations, and species. To the best of our ability, we used the current taxonomy
at the time this report was drafted.

To assess the current status and viability of Haplostachys haplostachya, we identified population
units. The classic definition of a population is a self-reproducing group of conspecific individuals
that occupies a defined area over a span of evolutionary time, an assemblage of genes (the gene
pool) of its own and has its own ecological niche. However, due to information gaps, we could
not assess the viability of H. haplostachya using this definition. The Hawaii and Pacific Plants
Recovery Coordinating Committee revised its recovery objectives guidelines in 2011 and
included a working definition of a population for plants: “a group of conspecific individuals that
are in close spatial proximity to each other (i.e., less than 1,000 meters apart), and are presumed
to be genetically similar and capable of sexual (recombinant) reproduction” (HPPRCC 2011, p.

).
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Based on this working definition, maps were created to display population units. In an effort to
protect the sensitivity of species data, we created maps with symbol markers rather than
displaying species points or polygons. We created the symbols in steps. First, we added a 500-
meter buffer around each individual species point and polygon. We then dissolved all buffer
areas intersecting each other into a single shape. Next, we created a centroid (i.e., point
representing the center of a polygon) within each dissolved buffer area. The symbol marker
represents the centroid. Finally, the Disperse Marker tool in ArcGIS Pro was used shift symbol
markers that were overlapping so they would all be visible at the scale of the map. All points and
polygons were used in this process, regardless of observation date or current status (historical,
current, extant, or extirpated), to represent the known range of the species.

Species Viability

The Species Report assesses the ability of Haplostachys haplostachya to maintain viability over
time. Viability is the ability or likelihood of the species to maintain populations over time, i.e.,
likelihood of avoiding extinction. To assess the viability of H. haplostachya, we used the three
conservation biology principles of resiliency, redundancy, and representation, or the “3Rs”
(Figure 1; USFWS 2016, entire). We will evaluate the viability of a species by describing what
the species needs to be resilient, redundant, and represented, and compare that to the status of the
species based on the most recent information available to us.

Definitions

Resiliency is the capacity of a population or a species to withstand the more extreme limits of
normal year-to-year variation in environmental conditions such as temperature and rainfall
extremes, and unpredictable but seasonally frequent perturbations such as fire, flooding, and
storms (i.e., environmental stochasticity). Quantitative information on the resiliency of a
population or species is often unavailable. However, in the most general sense, a population or
species that can be found within a known area over an extended period of time (e.g., seasons or
years) is likely to be resilient to current environmental stochasticity. If quantitative information is
available, a resilient population or species will show enough reproduction and recruitment to
maintain or increase the numbers of individuals in the population or species, and possibly expand
the range of occupancy. Thus, resiliency is positively related to population size and growth rate,
and may also influence the connectivity among populations.

Redundancy is having more than one resilient population distributed across the landscape,
thereby minimizing the risk of extinction of the species. To be effective at achieving redundancy,
the distribution of redundant populations across the geographic range should exceed the area of
impact of a catastrophic event that would otherwise overwhelm the resilient capacity of the
populations of a species. In the report, catastrophic events are distinguished from environmental
stochasticity in that they are relatively unpredictable and infrequent events that exceed the more
extreme limits of normal year-to-year variation in environmental conditions (i.e., environmental
stochasticity), and thus expose populations or species to an elevated extinction risk within the
area of impact of the catastrophic event. Redundancy is conferred upon a species when the
geographic range of the species exceeds the area of impact of any anticipated catastrophic event.
In general, a wider range of habitat types, a greater geographic distribution, and connectivity
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across the geographic range will increase the redundancy of a species and its ability to survive a
catastrophic event.

Representation is having more than one population of a species occupying the full range of
habitat types used by the species. Alternatively, representation can be viewed as maintaining the
breadth of genetic diversity within and among populations, in order to allow the species to adapt
to changing environmental conditions over time. The diversity of habitat types, or the breadth of
the genetic diversity of a species, is strongly influenced by the current and historic
biogeographical range of the species. Conserving this range should consider historic latitudinal
and longitudinal ranges, elevation gradients, climatic gradients, soil types, habitat types, seasonal
condition, etc. Connectivity among populations and habitats is also an important consideration in
evaluating representation.

The viability of a species is derived from the combined effects of the 3Rs. A species is
considered viable when there are a sufficient number of self-sustaining populations (resiliency)
distributed over a large enough area across the range of the species (redundancy) and occupying
a range of habitats to maintain environmental and genetic diversity (representation) to allow the
species to persist indefinitely when faced with annual environmental stochasticity and infrequent
catastrophic events. Common ecological features are part of each of the 3Rs. This is especially
true of connectivity among habitats across the range of the species. Connectivity sustains
dispersal of individuals, which in turn greatly affects genetic diversity within and among
populations. Connectivity also sustains access to the full range of habitats normally used by the
species, and is essential for re-establishing occupancy of habitats following severe environmental
stochasticity or catastrophic events (see Figure 1 for more examples of overlap among the 3Rs).
Another way the three principles are inter-related is through the foundation of population
resiliency. Resiliency is assessed at the population level, while redundancy and representation
are assessed at the species level. Resilient populations are the necessary foundation needed to
attain sustained or increasing representation and redundancy within the species. For example, a
species cannot have high redundancy if the populations have low resiliency. The assessment of
viability is not binary, in which a species is either viable or not, but rather on a continual scale of
degrees of viability, from low to high. The health, number and distribution of populations were
analyzed to determine the 3Rs and viability. In broad terms, the more resilient, represented, and
redundant a species, the more viable the species. The current understanding of factors, including
threats and conservation actions, will influence how the 3Rs and viability are interpreted for
Haplostachys haplostachya.
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Figure 1. The three conservation biology principles of resiliency, redundancy, and representation,
or the “3Rs”.
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SPECIES ECOLOGY

Species Description

Haplostachys haplostachya (honohono) is a perennial shrub in the mint family (Lamiaceae), one
of the largest endemic plant lineages in the Hawaiian archipelago. The shrubs grow to
approximately 1.5 m (meters) tall, with square stems that are white-woolly. Leaves are simple
and narrowly heart-shaped, the upper surfaces of which are wrinkled and covered with downy,
straight, erect hairs. Leaf margins are scalloped with shallowly rounded teeth. H. haplostachya
has an inflorescence of large pale scented flowers with long (14-22 millimeters (mm)) corolla
tubes and convoluted aperture. The stalked flowers are arranged in a terminal main axis, which is
4-12 in (inches) (10.2-30.5 centimeters (cm)) long, with two flowers positioned at each node.
Individual flowers are approximately 1.8 cm in width (Aslan et al. 2019, p.315). The flowers are
either pure white, or tinged with a purple color, with a prominent lower corolla lip (Lindqvist et
al. 2003, p.481). While no pollinator vector has been identified, moths are suspected because of
plant structure, and moths and other insects have been observed on and around flowers. Mature
fruits are dry, hard, and dark brown in color, and are obconical (cone-shaped) and three-angled.
(USFWS 1993, p.4). Flowering occurs with terminal inflorescence emerging first and axillary
inflorescences appearing sequentially for a blooming period of a few weeks (Questad 2020, p.1).

Haplostachys haplostachya was also once found on Kaua‘i and Maui, but now primarily occurs
only in semi-arid shrubland cinder cones (pu‘u) at an elevation between 1500-1800 meters on the
island of Hawai‘i (USFWS 1993, p.14). The only remaining wild plants are found at Pu‘u
Anahulu and the Pohakuloa Training Area (PTA), located between the Mauna Kea, Mauna Loa,
and Hualalai Mountains. The climate in these areas range from upper montane to subalpine
(Shaw 1995, p.1). Populations of H. haplostachya occur most frequently on the southern and
western slopes of pu‘u, which are first to intercept afternoon fog. The vegetation on pu‘u is
mostly comprised of grasses, shrubs, herbs, and few trees (USFWS 1993, p.7).

Endemic Hawaiian mints in the family Lamiaceae are considered one of the largest endemic
plant lineages in Hawaiian archipelago, and are used as a model system to study rapid
evolutionary radiation in a remote setting (Welch et al. 2016, p.14). This endemic Hawaiian
lineage diverged from new world mints 4-5 million years ago. There are 59 extant members of
Hawaiian Lamiaceae, with distinct phenotypic and ecological diversity (p.2). In recent
evolutionary history, Hawaiian mints diverged from ancestral plants within the same family, and
the Lamiaceae in Hawai‘i diversified into three endemic genera: Haplostachys, Phyllostegia,
Stenogyne (p.3). Each of these filled ecological niches throughout the archipelago and are
uniquely adapted to their particular environments and pollinators. An analysis of chloroplast
genetics revealed that Hawaiian mints have remarkably low levels of variability (p.16). As
typical of species radiations, sequence divergence among species is relatively low, making it
difficult to use genome sequence comparison to assess evolutionary relationships (p.14). The
results of the genetic analysis performed on North American Stachys and Hawaiian mint
sequences suggests that Hawaiian mints are likely the result of the hybridization of at least two
separate American Stachys lineages, whose descendants colonized the Hawaiian Islands
independently (Welch et al. 2016, p.14, Lindqvist and Albert 2002, p.1719-1720).

Haplostachys haplostachya has fragrant white flowers associated with insect pollination and
produce dry fruits. On the other hand, plants in the genera Phyllostegia and Stenogyne produce

9
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fleshy fruits, and flowers of Phyllostegia individuals are suspected to be insect pollinated, while
the morphology of flowers of individuals in Stenogyne suggest flowers are bird-pollinated
(Lindqvist et al. 2003, p.481). Mints in Lamiaceae occur in a wide range of habitat types and
elevation, and are usually endemic to one or two islands (Lindqvist and Albert 2002, p.1710). Of
the Hawaiian mints found within Lamiaceae, at least 13 members are extinct, and the majority
are threatened or endangered, with many species descriptions coming from taxonomic
collections preserved in herbaria and botanical gardens (Lindqvist and Albert 2002, p.1710,
Lindgvist et al. 2003, p.481, Welch et al. 2016, p.15).

Individual Needs

Suitable habitat for Haplostachys haplostachya consists of xerophytic grassland and shrubland
that is located in mid-elevation (1650-1800 m) (Morden and Loeffler 1999, p.618). As there are
few dense forest patches located on pu‘u there is little direct canopy cover. Most occur in mixed
shrubland with Dodonaea viscosa (‘a‘ali‘i), Myoporum sp. (naio), Chenopodium oahuense
(‘aweoweo), Sida fallax (‘ilima), Bidens menziesii (ko‘oko‘olau), Eragrostis atropioides
(lovegrass), and Cenchrus setaceus (fountain grass)(SNMNH 1994). Reproduction and growth
in this species appear to be highly dependent on water availability. Field specimens are found in
full sun, and appear to be highly drought tolerant, as population numbers have decreased in
drought years only to be present again after extensive periods of rain (Evans et al. 2006, p.37). In
some instances, dead plant material persists for years, likely because individuals die back to the
roots during dry seasons or extended periods of drought (USFWS 1993, p.15).

Little is known about the phenology and reproduction of Haplostachys haplostachya. While the
vector of pollination is unknown, moths are suspected based on the structure of flowers and
insect observations in the field. The nonnative insect floral visitors most observed include the
keyhole wasp (Pachodynerus nasidens), pea blue butterfly (Lampides boeticus), Western
honeybee (Apis mellifera), Hoverfly (family Syrphidae), and unidentified moths (Lepidoptera
spp.)(Aslan et al. 2019, p. 320). The flowering period has been reported from February through
July, but plants with flowers and fruit have also been observed in August and September
(SNMNH 1980, SNMNH 1994, NTBG 2001, Native Plants 2020).

There were originally five members of the Haplostachys genus, but H. munroi (Lana‘i), H.
bryanii (Moloka‘i), H. truncata (Maui), and H. linearfolia (Moloka‘i and Maui) are now
considered extinct (Fosberg and Herbst 1975, p.41). Haplostachys haplostachya is the only
remaining species in its genus, which was previously found on Maui on the slopes Haleakala
Mountain and on barren ridges on Kaua‘i (Hillebrand 1888, p.346). Its current range is now
limited to areas on Hawai‘i island.

Reproduction and recruitment are dependent upon open habitat with access to water, soil, and
sufficient sunlight, as well as sufficient soil and nutrients. Propagation by cuttings is relatively
easy for this species, and many mints reproduce asexually by producing roots along the lateral
stems (PTA 2015, p.17).

Population Needs
Haplostachys haplostachya is currently only found on Hawai‘i island and most individual plants
are within the Pohakuloa Training Area (PTA). PTA is a 438 km? subalpine tropical dryland
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ecosystem containing 24 unique vegetation communities and substrates from numerous volcanic
eruptions (Kellner et al. 2012). The average rainfall at PTA is 37.4 cm, and the soil consists of a
thin layer of soil, cinder, or ash deposits (Shaw and Castillo 1997, p.8-10). The presence of
pollinators is also required for resiliency of this species. Much of the PTA area is used for live
fire military training, and as a result there are vast areas where populations cannot be sustained.
The current populations reside on south and west slopes of pu‘u, an elevated position where they
take advantage of fog drip that rolls in during the afternoon. These pu‘u are scattered and are
limited within PTA, therefore restricting the preferred habitat in the area. Historic lava flows and
military training activities at PTA also fragment some areas, potentially reducing the
connectivity among isolated populations

The population as whole as undergone a dramatic shift during the historical record. When listed
in 1979 only 69 wild individuals remained (USFWS 1979, p. 62469). As a result of outplanting,
the fencing of vulnerable populations, and increased survey effort, numbers have increased at
PTA to more than 24,400 individuals at 3,180 microsites distributed across more than 6,000
acres (2,428 hectares) (PTA 2015, entire, PTA 2020, p.56). Additionally, outplanting efforts
have increased the number of populations to areas outside of PTA. When combined with PTA
plants, these individuals make up 14 distinct population units, ranging from populations
comprised of a single plant to larger populations with as many as 23,000 individuals.

Small sized populations generally exhibit lower levels of genetic diversity, relative to
neighboring species with large population size (Morden and Loeffler 1999, p.617). Small
population sizes are often attributed to a number of threats including habitat loss, invasive
species, loss of pollinators, or climate change. Small populations are more prone to inbreeding,
which results in higher homozygous individuals within a population and genetic drift (p. 618).
This increase in homozygosity may result in fixation of alleles and inbreeding depression within
the population.

Genetic analysis of plants at PTA (Figure 2, population letter D) have revealed that larger
subpopulations of Haplostachys haplostachya displayed negligible levels of genetic
differentiation, while two other subpopulations are showing some signs of genetic isolation
(Morden and Loeffler 1999, p.623). The Morden and Loeffler (1999) study examined plants
from Pu‘u Ka Pele, Pu‘u Leilani, and Kipuka Kalawamauna (all within population unit letter D,
Figure 2). The genetic evidence suggests that genetic drift may be occurring in Pu‘u Ka Pele
subpopulation plants, and limited genetic differentiation was observed in Pu‘u Leilani. The Pu‘u
Leilani subpopulation appears to have separated from the larger population and has become both
physically and reproductively isolated over time.

Species Needs

Species viability is the likelihood that a species will sustain populations over time. To achieve
this, Haplostachys haplostachya needs a sufficient number and distribution of self-sustaining
populations able to withstand environmental stochasticity (resiliency), adapt to changes in the
environment (representation), and withstand catastrophic events (redundancy) (Table 1). The
resiliency is measured by the number of individuals in the population, the reproductive output, as
well as the quality of the habitat in which they live (Evans 2006, p.29, USAG 2017, p.63).
Reproductive output can be defined as the production of seeds, as well as the recruitment of new
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offspring, in wild and outplanted individuals. The redundancy for this species is measured by the
number of populations, which is currently listed at 14, as well as their distribution throughout the
species’ range, their proximity to one another, and their connectivity (Morden and Loeffler 1999,
p.617-625, USAG 2017, p.63). The representation is measured by the number of resilient
populations within unique habitat types in which this species is found, and overall, how well the
entire genetic structure of the species is secured throughout multiple populations. Representation
is also measured through the presence of unique traits, and how well they are represented among
populations. Although it once existed on two other main Hawaiian Islands, H. haplostachya is
now only present on Hawai‘i island and exists in two habitat types (USFWS 1993, p.14, Pe‘a et
al. 2020, entire, Javar-Salas 2020, entire).

Table 1. Metrics for assessing resiliency, redundancy, and representation.

Conservation Metric (s) Notes

Biology Principle

Resiliency Number of Varies from 1 to over 23,000
individuals per
population

Resiliency Habitat quality Populations prone to invasive species, fires

Resiliency Reproductive output | Low outplant recruitment, low seed

germination

Redundancy Population some PTA subpopulations show negative
connectivity signs of genetic differentiation

Redundancy Distribution of Spread out over 6,000 acres of PTA, other
populations sites on island

Redundancy Number of resilient | 14 population groups with approximately
populations 24,400 individuals

Representation Number of resilient | 2 habitat types with a mixture of
populations per populations in each, with remaining plants
habitat type in other habitat types extirpated

Representation Unique traits among | Genetics study of 3 areas in population D
populations show unique traits

FACTORS INFLUENCING VIABILITY

Many factors play into the ability for Haplostachys haplostachya to persist into the future. Most
notable are the threats the plants face, as well as conservation actions being undertaken to
mitigate for these threats. General threats to the dry grasslands and shrublands habitat can be
found in Pe‘a et al. (2020) and threats to dry forest habitats can be found in Javar-Salas et al.
(2020).

Threats
A number of threats are present which jeopardize the continued existence of the species. When
Haplostachys haplostachya was listed as endangered in 1979 its threats were listed as destruction
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of habitat, overutilization for commercial, sporting, scientific, or educational purposes, disease or
predation, the inadequacy of regulatory mechanisms, and other natural or manmade factors
(USFWS 1979, p.62468-62469). The recovery plan published in 1993 revised those threats to
include land conversion, military use, trampling, herbivory, competition with nonnative invasive
plants, loss of pollinators and seed dispersers, fires, and stochastic events (USFWS 1993, p.18-
20). In the most recent 5-year review of the species, the threats are listed as habitat destruction
caused by invasive ungulates, invasive plant species, and agriculture and urban development
(USFWS 2012, p.11). Additionally, disease and predation, fire, drought, military activities, and
climate change are threats facing the species (USFWS 2012, p.12-14).

Invasive Species

Feral ungulates are a major threat to the continued existence of Haplostachys haplostachya in its
natural environment. Ungulates have severe impacts on upper montane vegetation, and the
primary invasive species are mouflon sheep (Ovis musimon), cattle (Bos taurus), goats (Capra
hircus), and pigs (Sus scrofa) (Daehler et al. 2005, p.204, Stephens 2014, p.57). Direct predation
by ungulates is an issue that continues to threaten plant populations and recruitment. Surveys
performed at PTA in 2005 noted that more than 1/3 of H. haplostachya found during surveys
were being impacted by ungulates through predation or trampling (p.65). Direct predation of
seeds and seedlings has severely impacted the recovery of this species (Shaw 1995, p.24,
Dacehler et al. 2005, p. 205).

The presence of non-native ungulates can exert a large effect on native plant communities,
causing substantial decreases in native plant cover and species richness (Litton et al. 2018, p.6).
Changes in vegetation communities, caused by the pressure of ungulate grazing, have led to the
replacement of native plant species by invasive species and has altered soil infiltration processes,
directly impacting plant-available water (Perkins et al. 2018, p.1).

The presence of invasive herbaceous plants is the direct result of frequent physical disturbances
by ungulates and humans, as well as ranching which occurs nearby (Daehler et al. 2005, p.209).
The presence of herbaceous invasive plants directly affects native species, which are often slow
growing, and are outcompeted for the already limited available habitat and resources. Invasive
grasses such as Cenchrus ciliaris (buffel grass), Cenchrus setaceus (fountain grass), and
Cenchrus clandestinus (kikuyu grass) are present at PTA and are fast growing, producing a large
volume of seeds (Perkins et al. 2018, p.2). Additionally, woody shrubs such as Ulex europaeus
(gorse) forms impenetrable thickets, reducing open areas and restricting native plant growth and
recruitment (Daehler et al. 2005, p.209). Dozens of plant species have been reported as
disruptive invaders of Haplostachys haplostachya habitat, with the naturalization of more than
151 invasive species above 1,200 m in elevation (Daehler et al. 2005, p.207). Over 90% of
naturalized plants occurring above 2,000 m are herbaceous, while among native vegetation
occupying the same habitat only 28% are herbaceous. Grasslands and shrublands in the PTA area
may have covered more area prior to the introduction of ungulates and alien grasses (Cuddihy
and Stone 1990, p.15).

Another barrier to recruitment and growth of native plant species is the presence of seed

predators, which have been well documented in PTA (USFWS 1993, p.19-20). Small
mammalian predators such as rats (Rattus rattus) and mice (Mus domesticus) eat and destroy
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seeds and seedlings of plants, preventing recruitment of native species (Daehler et al. 2005, p.
205). The presence of these predators has the potential to shift the vegetative composition of the
habitat, allowing for the encroachment of non-native species into H. haplostachya habitat.

Fires

Fires are a continued threat to the endangered plants and habitat that occupy the Pohakuloa area,
and occur in the area periodically (Beavers 2010, entire). PTA has been used for military training
since the 1950s (Shaw 1995, p.5), and is currently managed by the U.S. Army Garrison. The
Kipuka Kalawamauna Endangered Plant Habitat Area (KKEPHA) was established cooperatively
by the U.S. Army, State of Hawai‘i, and the U.S. Fish and Wildlife Service to protect federally
listed species and their habitats (Shaw 1995, p.27). Units from all U.S. military services utilize
PTA for live fire training, which may increase the risk of fire occurrence as the ordinances are
exploded, or human activities are present within the area. In July of 1994, approximately 25% of
the 2,750 ha KKEPHA was burned due to a wildlife. The fire burned for two days, and continued
to flare up and smolder for almost a month before being fully extinguished (p. 8). The fire
impacted 25% of the estimated 20,000 individual Haplostachys haplostachya plants surveyed
prior to the burn (p. 22, 24). Plants that were only scorched were able to recover, as noted when
surveyed several months following the fire. While H. haplostachya individuals were killed in
slightly or moderately burned areas, substantial precipitation (~6.5 cm) that occurred two months
after the fire led to an emergence of seedlings in areas with known populations. Unfortunately,
the intense grazing of new seedlings and re-sprouts by feral ungulates severely inhibited the
recovery of the species (p.24). As an additional effect of the fire, large areas of KKEPHA were
opened up due to the loss of vegetation. The invasive fountain grass that had dominated the area
was expected to increase its range as a result of the fire and the area denuded by the fire (p. 28).

In July of 2018 a fire occurred in training areas 18, 19, and 22 at PTA (USAG 2018b, p.4). There
were 228 microsites of Haplostachys haplostachya within the burn footprint, with an estimate of
3,030 individuals. Surveys performed post-burn found a total of 444 individuals remaining in
those areas that were directly affected by the fire.

Land use changes

Land development is a threat to Haplostachys haplostachya. The vast majority of H.
haplostachya populations are located in PTA, which is used for military training exercises. The
U.S. Army Garrison has submitted plans to improve infrastructure at PTA, including the upgrade
of utilities in the area, that would allow for greater capacity (USAG 2018a, p.2-7). While no
expansion plans are currently planned, they were considered in recent National Environmental
Policy Act (NEPA) documents regarding facilities improvement (USAG 2018a, p.2-17). The
firing of weapons and large number of troops in the area increases the likelihood that fires could
ignite, leading to destruction of habitat (Cuddihy and Stone 1990, p.99). The area surrounding
PTA has a history of being used for both sheep and cattle grazing since at least 1889 (Maly and
Maly 2005, p.393, 422). The federal government has been leasing open lands for grazing on
Mauna Kea since at least 1891, when it was grazed by cattle (Maly and Maly 2005, p.422). We
do not believe there are current plans to convert any portion of PTA to grazing area. An
additional negative effect of military use in the area is the bulldozing of military roads, which
may be useful as firebreaks but could also act as a corridor to facilitate the intrusion of invasive
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weeds, as well as cover plants in dust as a result of vehicular traffic (Cuddihy and Stone 1990,
p.99, USFWS 1993, p.18).

Loss of pollinators and reduced reproductive success

The reduction and extinction of native insects and pollinators has the potential to reduce the
evolutionary fitness of Haplostachys haplostachya over time (USFWS 1993, p.19-20, Morden
and Loeftler 1999, p.617). A study of insects visiting H. haplostachya throughout their flowering
season at different times of the day, revealed that it is visited by primarily non-native insects
(Aslan et al. 2019, p.319). Aslan et al. (2019) noted that Haplostachys haplostachya exhibit
pollen limitation which can reduce reproductive success, including reduced seed quantity and
quality (p.322). A reduction in the number of native pollinators may also put the H. haplostachya
further at risk. A species in the closely related genus, Stenogyne angustifolia (with an avian
pollinator), which shares the same habitat and range as H. haplostachya, also showed pollen
limitation (Aslan et al. 2018, p.5). This species was hand pollinated and resulted in a higher
number of fruit than flowers that were either covered with a bag or pollinated by insects (p.6).
The nonnative pollinators do not efficiently pollinate the mints, resulting in reduced seed
quantities. This suggests that these native mints are strongly dependent upon native pollinators
for survival and reproduction, and may face ecological extinction as a result of their absence

(p-2).

This species also suffers from poor seed germination, leading to low levels of recruitment in the
natural environment and plant propagation facilities. Poor germination had been reported in the
draft recovery plan (USFWS 1993), where 500 seeds, half scarified and half unscarified, were
planted, and only three of the scarified seeds and none of the unscarified seeds germinated. In
2019, seed trials occurred in an effort to determine an effective method of seed germination. A
total of 20 trials occurred, with a total of 701 seeds sown. Of those, only three seeds yielded
seedlings, indicating a very low level of success (PTA 2020, p.40). This low level of germination
is likely due to unknown dormancy and germination requirements. The treatments that yielded
some success, albeit low, were 1000 parts per million treatment of gibberellic acid on filter paper
(one seed, 4% success rate) and a 4-day soak in growth chamber plus vermiculite and greenhouse
mixture soil (two seeds, 5% success rate) (PTA 2020, p. 112-113).

Disease

Both disease and predation are serious threats to the continued existence of Haplostachys
haplostachya in its limited natural environment. The current land use by the U.S. military and
movement of equipment among islands increases the likelihood that invasive pests or diseases
could be inadvertently transported to PTA. A powdery mildew has been observed on a number of
H. haplostachya plants at PTA (Arnett 2002, p.23). The powdery mildew on monitored
outplanted individuals are suspected of causing mortality. Surveys revealed that the problem
appears to be widespread, and that populations should be monitored for disease progression
(Evans et al. 2006, p.124).

Genetic diversity

The loss of genetic diversity has serious implications for the continued survival of Haplostachys
haplostachya in the natural environment. Population fragmentation to small subpopulations is the
result of feral ungulate grazing, habitat destruction from military use, and conversion of forest to
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pasture lands (Morden and Loeffler 1999, p.617). Smaller populations generally exhibit lower
amounts of genetic diversity, relative to larger population sizes (p.617). The fragmentation of
large populations into small, inbreeding populations place the smaller populations at higher risk
of undergoing genetic drift (p.618). Genetic drift is the variation of genotypes in a small
population, which emerge by chance as individuals die or fail to reproduce. This can lead to
genetic homozygosity, where an individual inherits the same alleles from both parents, and
potentially lead to inbreeding depression, or reduced biological fitness in the next generation
(Alberts et al. 2007, entire). This can also lead to reduced ability for the population to withstand
environmental stochasticity. Chloroplast genetic analyses among Hawaiian mints have revealed
remarkably low levels of genetic variability among genera (Welch et al. 2016, p.16). Genetic
analyses performed by Morden and Loeffler (1999) have revealed that there are subpopulations
of H. haplostachya that are undergoing a loss in detectable genetic variation, and that increased
genetic homozygosity could lead to genetic drift and inbreeding depression (p.622). Small plant
populations, specifically in Pu‘u Ka Pele and Pu‘u Leilani subpopulations (grouped within
population D in Table 2), show genetic evidence of genetic differentiation and loss of genetic
heterozygosity (p.623). Plants found within the Pu‘u Leilani subpopulation in particular show
evidence of highly disturbed habitat, poor flowering, and no evidence of recruitment. Loss of
genetic heterozygosity in small populations is linked to inbreeding depression, as well as higher
disease susceptibility (p.623).

Climate change

The effects of climate change are expected to negatively affect Haplostachys haplostachya
populations, and exacerbate threats already challenging the remaining populations. Changes in
precipitation and regional climate patterns are discussed in Pe‘a et al. (2020) and Javar-Salas et
al. (2020). An analysis by Fortini et al. (2013) determined that H. haplostachya has a
vulnerability score of 0.32, indicating a low to moderate risk from climate change (p.77). The
family Lamiaceae (with a total of 51 family members analyzed) showed among the biggest
increases in vulnerability due to hypothetical additional habitat degradation with a mean
vulnerability score of 0.401, a 32.8% increase (Fortini et al. 2013, p.33). The changes in regional
climate patterns are expected to increase incidence of disease, and extend the range of invasive
species. Cold temperature constraints on invasive species will be reduced at their upper-elevation
limits. Since many invasive species are fast growing and are responsive to resources, their
presence is expected to increase as the resources are also increased as a result of climate change
(Hellmann et al. 2008, p.7). This applies not only to invasive species such as ungulates or
insects, but also for pathogens and their hosts. Changes in the temperature and/or range of
parasites or hosts may change the geographical distribution of plant diseases to extend into areas
where current climatic conditions make their persistence impossible (Coakley et al. 1999, p.
403).

Conservation Actions

Conservation actions currently being implemented include installation of fencing to control feral
ungulates, wild population surveys, an ungulate removal plan, removal of invasive plant species
to allow for recruitment of natural populations, the storage of seeds, propagation of plants in
nurseries, and outplanting of propagated individuals.
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Fences with cleared firebreak areas have been installed throughout PTA, which protect 97% of
known of Haplostachys haplostachya plants (USFWS 2012, p.11). Since most of the H.
haplostachya plants occur on pu‘u that are spread out over large areas, it presents a logistical
challenge and can be expensive to implement. Of the 12 plant groups that are present at PTA, the
majority are enclosed by ungulate proof fencing. While this fencing protects against feral sheep,
cows, and goats, it does not protect against seed predators such as rats and mice. These fences,
combined with increased survey effort, have shown increases in population numbers over time
(PTA 2015, entire, PTA 2020, entire).

In 2012, the Hawai‘i Department of Land and Natural Resources (DLNR) proposed aerial
shooting and public hunting as methods for removing ungulates from critical habitat for the
palila bird (Loxioides bailleui) on the slopes of Mauna Kea (Stephens 2014, p.57). While palila
critical habitat does not directly overlap with known populations of H. haplostachya, removal of
ungulates from the adjacent habitat is expected to have a positive benefit on all native plant
populations in the area. Ungulate removal is ongoing, but large populations of feral sheep remain
in the area.

The genetic conservation program being implemented by the U.S. Army Garrison includes
propagule collection and storage. As of 2019 approximately 42,508 seeds stored that represent
849 wild plants and another 40,319 seeds stored that represent 64 additional wild plants (USAG
2019, p.10, USAG 2017, p.63). Seeds will be stored for long term viability of the species. Seeds
will be shared with other agencies for use in satisfying their own conservation goals. The
Volcano Rare Plant Facility (VRPF) is a joint collaboration among the U.S. Fish and Wildlife
Service, the State of Hawai‘i Division of Forestry and Wildlife (DOFAW), and the University of
Hawai‘i. The VRPF facility manages a gene bank of plants and seeds, to preserve genetic
diversity. This facility has been propagating H. haplostachya seeds since 2002, and has 29,189
seeds in storage as of 2019 (VRPF 2019).

Outplanting efforts of greenhouse propagated plants are another conservation measure being
implemented to secure the continued existence of H. haplostachya. There have been a total of
eight outplanted populations across Hawaii island, corresponding to letters G-N in Figure 2.
Additionally, two natural populations in PTA (population D and E) have been augmented with
outplanted individuals to enhance existing populations and increase connectivity. An outplanting
site was established in 2002 (population J, Figure 2), and is the only new outplanting site located
within PTA.

A reintroduction occurred at Nohona O Hae (population G, Figure 2), and surveys performed in
2014 revealed that of the three sites located within this fenced unit, no living individuals
remained (PTA 2015, p.10). In 2014, a population of H. haplostachya was established within the
Hawai‘i Volcanoes National Park (HAVO), with 50 individuals within one of the upper elevation
Kahuku exclosures (population H, Figure 2). In 2015, a total of 60 plants were planted at HAVO
near the top of the Mauna Loa strip road (population I, Figure 2) (HAVO 2020, p. 15). The
Kipuka Alala South (KAS) population unit was established in 2002, and after multiple
outplanting efforts the 2014 survey revealed 70 individuals with evidence of natural recruitment
(population J, Figure 2)(PTA 2015, p.22-23). A total of 81 individuals were outplanted at Pu‘u
Huluhulu, Pu‘u Wa‘awa‘a, and Kipuka Oweowe (populations K-M, Figure 2). In 2014 surveys
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determined that there were seven individuals remaining at Pu‘u Huluhulu, 58 individuals at Pu‘u
Wa‘awa‘a with signs of recruitment, and only a single individual remaining at Kipuka Oweowe
(PTA 2015, p.24-27). After multiple populations were established from 2008-2012 in the West
Hawaii Veteran’s Cemetery (population N, Figure 2), a survey in 2014 revealed no surviving
individuals present (PTA 2015, p.28). However, because reports exist demonstrating the
reemergence of individuals after periods of drought, fire, and presumed death, this site is still
considered a potentially viable outplanted population (PTA 2005, p.73, Shaw 1995, p.28).

Haplostachys haplostachya
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Figure 2. The current range of Haplostachys haplostachya across the Hawaiian Archipelago.
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Regulatory Actions

Endangered Species Act: The Service in 1979 determined endangered status under the ESA, as
amended, for three plants on October 30, including for Haplostachys haplostachya (USFWS
1979). The primary purpose of the ESA is the conservation of endangered and threatened species
and the ecosystems upon which they depend. The ultimate goal of such conservation efforts is
the recovery of these listed species, so that they no longer need the protective measures of the
ESA. Conservation measures provided to species listed as endangered or threatened under the
ESA include recognition of threatened or endangered status, recovery planning, requirements for
Federal protection, and prohibitions against certain activities. The ESA encourages cooperation
with the States and requires that recovery actions be carried out for all listed species. The ESA
and its implementing regulations in addition set forth a series of general prohibitions and
exceptions that apply to all endangered wildlife and plants. For plants listed as endangered, the
ESA prohibits the malicious damage or destruction on areas under Federal jurisdiction and the
removal, cutting, digging up, or damaging or destroying of such plants in knowing violation of
any State law or regulation, including State criminal trespass law. Certain exceptions to the
prohibitions apply to agents of the USFWS and State conservation agencies. The USFWS may
issue permits to carry out otherwise prohibited activities involving endangered or threatened
wildlife and plant species under certain circumstances. With regard to endangered plants, a
permit must be issued for scientific purposes or for the enhancement of propagation or survival.
For federally listed species unauthorized collecting, handling, possessing, selling, delivering,
carrying, or transporting, including import or export across State lines and international
boundaries, except for properly documented antique specimens of these taxa at least 100 years
old, as defined by section 10(h)(1) of the ESA, is prohibited.

Damaging or destroying any of the listed plants in addition is violation of the Hawai‘i State law
prohibiting the take of listed species. The State of Hawai‘i’s endangered species law (HRS,
Section 195-D) is automatically invoked when a species is federally listed, and provides
supplemental protection, including prohibiting take of listed species and encouraging
conservation by State government agencies. Haplostachys haplostachya occurs on both Federal
and non-Federal lands.

CURRENT CONDITION
Historical Condition

Pre-human Habitat Distribution

In pre-human times, the dry shrublands of the upper mountain slopes between Mauna Loa and
Mauna Kea may represent a former subalpine forest that has since been degraded by feral
animals, fires, and human activities at PTA (Cuddihy and Stone 1990, p.11). Forested areas in
mesic sections of Hawai‘i have since been overrun with nonnative grasses, which may have
resulted in drier conditions, and reduced distribution (p. 16).

Historic Trends of Haplostachys haplostachya

Haplostachys haplostachya individuals were historically found on the islands of Hawai‘i, Maui,
and Kaua‘i (Morden and Loeftler 1999, p.618). A single collection was made on Kaua‘i in 1840
on barren ridges in the mountains. A collection was made on Maui between 1838 and 1842 from

19



Haplostachys haplostachya Species Report, Final Version 1.0

the sands of a low isthmus. A second collection was made in the Haleakala Mountains 1 at Kula,
at an altitude of 2,000 feet (Sherff 1935, p.6). On Hawai‘i island H. haplostachya occurs on the
slopes of Mauna Kea near Waiki‘i. Another population was located on the slopes of Nohona O
Hae crater off the Saddle Access Road outside of Waimea (Sherff 1935, p.6, USFWS 1993, p.2-
3,14). The Nohono O Hae population unit was surveyed in 2002 and found to contain wild
populations of H. haplostachya (Arnett 2003, p.22). The Waiki‘i and Nohona O Hae populations
were last surveyed in 2014, and no living plants were found (PTA 2015, p.12). However, it is
possible that seeds could exist in the soil, or that plants could reemerge if ungulate pressures are
removed. This species occurs on both dry forest habitat and dry grasslands and shrublands
habitat, both of which had a larger historical range than currently exists (Javar-Salas et al. 2020,
p.6, Pe‘a et al. 2020, p.5).

Current Condition

Haplostachys haplostachya is currently found on the island of Hawai‘i, in dry forest and dry
grasslands and shrublands habitats (Javar-Salas et al. 2020, p.6; Pe‘a et al. 2020, p.5). Wild
populations are limited to 7 distinct population units located within Pu‘u Anahulu and the PTA
(Figure 2, letters A-G, J) (Population E includes fenced and unfenced wild individuals at Pu‘u
Anahulu, located just outside of PTA), two outplanted populations at HAVO (Figure 2, letters H-
I), outplanted populations at Pu‘u Huluhulu (Figure 2. letter K), outplanted populations at Pu‘u
Wa‘awa‘a (Figure 2, letter L), an outplanted population at Kipuka Oweowe (Figure 2, letter M),
and an outplanted population at the West Hawai‘i Veteran’s Cemetery (Figure 2, letter N) (Table
2). When listed in 1979, only 69 wild individuals remained (USFWS 1979, p. 62469). Increased
survey and conservation efforts have increased that numbers to 24,400 individuals. Propagation
in greenhouses at the Volcano Rare Plant Facility (VRPF) and at PTA is underway as genetic
source material for future conservation work.
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Table 2. Current and Historic Populations Units of Haplostachys haplostachya.

Population | Population Unit Name Last Extant? Population Population | Estimated | Estimated
Unit Letter Observation | (Y/N/Unk) | Type Trend * Number Number of
Date of Sites Individuals

A Menehune 2019 Y Wild I 19 236
B Pu‘u Ahi 2019 Y Wild I 97 877
C Pu‘u Kea (Malihini 2019 Y Wild 1 10

South)
D Kipuka Kalawamauna / 2019 Y Augmentatio | | 3083 23,114

Naohuleelua n
E Pu‘u Anahulu 1 & 2 2020 Y Wild D 2 31
F Waiki‘i 2014 Unk Wild D 1 0
G Nohona O Hae 2014 Unk Reintroducti | C 3 0

on

H HAVO Kahuku 2014 Y Introduction | C 1 50
I HAVO Mauna Loa Strip | 2015 Y Introduction | C 1 60

Road
J Kipuka Alala South 2019 Y Augmentatio | C 3 70

(KAS) n
K Pu‘u Huluhulu 2014 Y Reintroducti | C 1 7

on

L Pu‘u Wa‘awa‘a 2014 Y Introduction | I 1 58
M Kipuka Oweowe 2014 Y Introduction | D 1 1
N West Hawai‘i Veteran’s | 2014 Unk Introduction | D 1 0

Cemetery

* I = increasing; D = decreasing; C = Constant (same individuals)
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Resiliency

In order for Haplostachys haplostachya to maintain viability, the population must be resilient.
The definition of resiliency is the ability of the population to withstand stochastic events,
meaning they must have healthy, stable populations, and a functioning habitat. We determine
resiliency for H. haplostachya to be low to moderate based on the number of individuals per
population, as well as habitat quality. The species was listed as endangered in 1979, and at the
time listing there were 69 individuals remaining in the wild. Subsequent propagation, increased
survey effort, conservation measures such as fencing, invasive species removal, and outplanting
have brought the current population to 24,400 individuals. Population sizes range from a single
individual up to a population of over 23,000 plants. Though 14 population units exist, many are
all located within a small geographic area, 3 are possibly extirpated, and all are subject to a large
number of threats. Most of the plants at PTA are found within population letters D and B (Figure
2). Among the most influential threats are invasive species and fires. Fires in particular have had
substantial impacts on population numbers at PTA (Evans 2006, p.29, PTA 2018, entire).
Though outplanting sites exist, they are limited in the number of individuals, and show little or
no recruitment. Additionaly, low rates of seed germination have been observed in trials
performed ex situ (USAG 2017, P.65).

Redundancy

The redundancy of Haplostachys haplostachya is based on the distribution of populations and
the number of populations across the range of the species. The species exists in one area on the
island of Hawai‘i, where there are 14 population units. The majority of H. haplostachya plants
occur at PTA (Figure 2, letters A-G, J), but most of these plants are confined to a single area
within PTA (Figure 2, letter D). Genetic connectivity among and within populations is suspected
to be low or absent based on genetic analysis of subpopulations within population D (Figure 2)
(Morden and Loeffler 1999, p.617-625). Two populations have been outplanted at HAVO,
consisting of 110 total individuals (Figure 2, letters G and H). An outplanted population of 58
individuals has been established at Pu‘u Wa‘awa“a, located downslope from PTA (Figure 2,
letter L). While other outplanting sites have been established on the island of Hawai‘i, numbers
are low and little recruitment has occurred (Figure 2, letters K, L, and N) (USAG 2017, p.65).
Therefore, redundancy in the current condition is low, due to its limited range and small number
of populations.

Representation

We define representation for Haplostachys haplostachya based on the metric of connectivity
among populations, and how well genetic differences are represented throughout populations. It
is unknown if there is any connectivity among population units, but based on genetic analyses, at
least two subpopulations within PTA are exhibiting a loss of genetic variation (Morden and
Loeffler 1999, p.622). Three subpopulations within population D (Figure 2) showed unique traits
that are not represented in other populations or subpopulations. This can lead to reduced ability
for the population to withstand environmental stochasticity, and may affect the reproductive
output. The genetic analysis is based on a subset of the population, which has grown
significantly in size since it was performed in 1999. The populations are limited to only two
habitat types, dry forest and dry grasslands and shrublands. The majority of populations occur
where the dry grassland, dry shrubland, and dry forest habitat types are overlapping and
integrated in more of a mosaic pattern across the landscape where the populations are found.
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Both of these habitat types are at an increased risk of degradation due to climate change, fires,
and invasive species. This species historically existed in other habitat types on the islands of
Maui and Kaua‘i, but are now extirpated (USFWS 1993, p.14). Therefore, representation is low
to moderate in the current condition.

SPECIES VIABILITY SUMMARY

The current condition of Haplostachys haplostachya is described as having a 14 wild and
outplanted populations that are confined to a narrow geographic range. All populations are at risk
due to high level of threats, and at least one was found to have low genetic diversity (Morden
and Loeffler 1999, entire). Overall, the number of individuals and populations have increased as
a result of restoration efforts and conservation initiatives. Some redundancy and representation is
maintained in ex sifu seed storage and nursery living collections, but low germination levels have
been observed in seeds collected from this species (USAG 2017, p.63). Outplanted populations
produced from wild individuals have been translocated to different areas of Hawai‘i island, but
show only few signs of recruitment. Since this species has low to moderate resiliency, low
redundancy, and low to moderate representation in its current condition, the overall viability of
this species is low to moderate (Table 3).

Table 3. Viability of Current Condition of Haplostachys haplostachya

Species Name Overall Redundancy | Representation | Viability
Resiliency

Haplostachys haplostachya | Low to Low Low to Low to
Moderate Moderate Moderate
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