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EXECUTIVE SUMMARY

This report summarizes the Species Report conducted by Pacific Islands Fish and Wildlife Office
(PIFWO) for Bidens hillebrandiana ssp. hillebrandiana. Bidens hillebrandiana ssp.
hillebrandiana was listed as an endangered species on October 29, 2013, along with 14 other
plant and animal species on the island of Hawai‘i (USFWS 2013a, p. 64639).

Bidens hillebrandiana ssp. hillebrandiana (ko‘oko‘olau), is a short-lived perennial herb in the
sunflower family (Asteraceae) known only on the island of Hawai‘i from the windward eastern
coast of Kohala near the northern tip of the island (PEPP 2019, pp. 4-5). Recent surveys indicate
only one population of 40 wild plants of B. hillebrandiana ssp. hillebrandiana divided in two
subpopulations. This species is threatened by habitat degradation due to invasive weeds, seed
predation by rodents, and flooding and landslides caused by storm events, among other threats.
Habitat degradation and herbivory by feral ungulates was likely a key driver of the current low
number of individual plants and is current threat to one of the two remaining subpopulations of
wild plants.

Conservation measures that benefit Bidens hillebrandiana ssp. hillebrandiana and the
ecosystems on which it depends include the prevention of the introduction of novel alien plant,
invertebrate, and vertebrate species to Hawai‘i and the removal of established invasive species.
Conservation actions that benefit this species include fencing and ungulate removal to protect
existing populations from browsing and trampling by feral ungulates, habitat restoration for
future translocations, and surveys to find new populations. Additional planned actions include
collection of seeds, seed storage, ex situ propagation, and translocation to bolster existing and to
establish new populations.

We evaluate the viability of Bidens hillebrandiana ssp. hillebrandiana 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. 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). Redundancy is having more than one resilient population distributed across the
landscape, thereby minimizing the risk of extinction of the species. Representation is having
more than one population of a species occupying the full range of habitat types used by the
species. Additionally, 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. For the purpose of this Species Report, we define viability
as the ability of a species to persist over time and thus avoid extinction. Current condition for B.
hillebrandiana ssp. hillebrandiana for resiliency, redundancy, and representation is “very low”
and species viability “very low.”
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INTRODUCTION

Bidens hillebrandiana ssp. hillebrandiana is a short-lived perennial herb in the sunflower family
(Asteraceae) that is found only on the island of Hawai‘i on the windward eastern coast of Kohala
near the northern tip of the island (Wagner et al. 1990, p. 276). Historically, B. hillebrandiana
ssp. hillebrandiana was more broadly distributed in at least four known populations on
windward Kohala coast (PEPP 2019, p. 4). The species today is known from only two small
subpopulations from Pololi to ‘Awini (PEPP 2019, p. 3; USFWS 2020).

Species Report Overview

This Species Report summarizes the biology and current status of Bidens hillebrandiana ssp.
hillebrandiana and was conducted by Pacific Islands Fish and Wildlife Office. It is a biological
report that 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, the Species
Report will be a living document upon which other documents such as recovery plans and 5-year
reviews will be based.

Regulatory History

Bidens hillebrandiana ssp. hillebrandiana was listed as an endangered species on October 29,
2013, along with 14 other plant and animal species on the island of Hawai‘i (USFWS 2013a, p.
64639). The draft recovery plan for 15 species from the island of Hawai‘i, which includes B.
hillebrandiana ssp. hillebrandiana was published on November 8, 2022 (USFWS 2022, entire).
Critical habitat was proposed for this species on March 29, 2023 (USFWS 2023, entire).

Methodology

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 Bidens hillebrandiana ssp. hillebrandiana, 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 B. hillebrandiana ssp. hillebrandiana 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 3,280 ft
(1,000 m)), and are presumed to be genetically similar and capable of sexual (recombinant)
reproduction” (HPPRCC 2011, p. 1).

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 to shift
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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 Bidens hillebrandiana ssp. hillebrandiana 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 B. hillebrandiana ssp.
hillebrandiana, we use the 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
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 take into account historic
latitudinal and longitudinal ranges, elevation gradients, climatic gradients, soil types, habitat
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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 is, the more viable the species is. The current understanding of factors,
including threats and conservation actions, will influence how the 3Rs and viability are
interpreted for Bidens hillebrandiana ssp. hillebrandiana.
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Figure 1. The three conservation biology principles of resiliency, redundancy, and representation,
or the “3Rs.”

SPECIES ECOLOGY

Species Description

Bidens hillebrandiana ssp. hillebrandiana is one of two largely similar subspecies of B.
hillebrandiana. Bidens hillebrandiana ssp. hillebrandiana is known only from the Island of
Hawai‘i, while B. hillebrandiana ssp. polycephala is endemic to Moloka‘i and east Maui. Both
subspecies are erect or decumbent, somewhat woody herbs that reach approximately 1 feet (ft)
(0.3 meters (m)) tall, but differ in the number of flower heads born on peduncles. Bidens
hillebrandiana ssp. hillebrandiana has between 1 and 4 flower heads, while B. hillebrandiana
ssp. polycephala has as many as 30. Like all Hawaiian Bidens species, the flowers are yellow
and the fruits are small dark grey or black achenes (Wagner et al. 1990, p. 268).

The following description of Bidens hillebrandiana ssp. hillebrandiana is compiled from
Wagner et al. (1990, pp. 275-276). Bidens hillebrandiana ssp. hillebrandiana, is an erect or
usually decumbent, slightly suffrutescent perennial herb 8 to 12 inches (in) (0.2 to 0.3 m) tall.
Leaves rarely simple, usually pinnately or bipinnately compound, usually 1 to 3 in (3.5 to 8
centimeters (cm)) long including petiole, leaflets 3 to 9, fleshy, ovate, usually 0.2 to 1 in (5 to 25
millimeters (mm)) long, 0.1 to 0.6 in (2 to 15 mm) wide, glabrous or sparsely pubescent, margins
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crenately toothed or lobed. Flower heads solitary or 1 to 3, sometimes 4, per inflorescence on
peduncles 0.8 to 3.3 in (2 to 8.5 cm) long in simple or compound cymes terminating main stem
and lateral branches. Achenes gray to grayish black, straight, wingless, 0.2 to 0.3 in (6 to 8§ mm)
long, 0.03 to 0.05 in (0.8 to 1.2 mm) wide, setose.

Individual Needs

Bidens hillebrandiana ssp. hillebrandiana has not been directly studied to ascertain the
individual requirements for the subspecies in the wild, however, research has been done on other
Bidens in Hawai‘i. About half of the Bidens species in Hawai‘i are gynodioecious (have both
hermaphroditic and female-only plants in a population) (Sun 1987, p. 327). Outcrossing rates in
hermaphroditic Bidens species range widely, from 24.2 percent to 88.7 percent (Sun and Ganders
1988, p. 520). For many Bidens species, cross-pollination is important and no or low seed set
occurs if pollinators are not present (Sun and Ganders 1988, p. 522). While unknown for B.
hillebrandiana ssp. hillebrandiana, we anticipate this species falls within the range of these
characteristics.

Dispersal for Bidens species is usually by mechanical means via attachment to animals, such as
birds. However, most Bidens species in Hawai‘i (including this species) have lost entirely or
have greatly reduced awns (or barbs) that provided the mechanical connection between the
achene and animal, which likely leads to a low dispersal ability (Knope 2012, p. 1212). Most
individuals of this species are associated with coastal cliffs near shoreline and coastal flats (PEPP
2019, pp. 5-7).

Population Needs

The United States Geological Survey (USGS) Carbon Assessment of Hawai‘i Land Cover Map
(https://www.sciencebased.gov/catalog/item/592dee56e4b092b266efeb6b; USGS 2017) was the
foundation for identifying current habitat types throughout the State of Hawai‘i. This assessment
did not delineate coastal habitats, however all populations of Bidens hillebrandiana ssp.
hillebrandiana are within coastal habitat. No information is available on the structure of the
populations of this species (numbers of adults, juveniles, or seedlings). Nor has this species been
researched to determine optimal population structure or needs, though a limited amount of
information has been examined for the genus as a whole. Bidens species in Hawai‘i are all
interfertile (capable pollination with another species), though most species do not co-occur, so
while hybridization is possible and documented within the genus, it is not especially common
(Wagner et al. 1990, p. 268). As mentioned above, all populations are also mixed mating, which
means they do not exclusively outcross or self (Sun and Ganders 1988, p. 516). This means that
cross-pollination within a population is important for the maintenance of population structure for
these species. The native pollinator for Bidens hillebrandiana ssp. hillebrandiana is unknown
but may have been native bee species, and most pollination in the genus is now theorized to be
facilitated by non-native honeybees (Sun and Ganders 1988, p. 516).

Habitat Description

Bidens hillebrandiana ssp. hillebrandiana is endemic to the Island of Hawai‘i, the largest of the
eight main Hawaiian islands (Hawai‘i, Maui, Kaho‘olawe, Lana‘i, Moloka‘i, O‘ahu, Kaua‘i, and
Ni‘ihau) (Juvik and Juvik 1998, p. 17). Hawai‘i was formed from five shield volcanoes (Kohala
Mountains, Mauna Kea, Moana Loa, Hualalai, and Kilauea), the two oldest (Kohala Mountains

10



Bidens hillebrandiana ssp. hillebrandiana Species Report, Final Version 1.0

and Mauna Kea) are extinct, while the younger volcanoes (Hualalai, Mauna Loa, and Kilauea)
are still volcanically active (Juvik and Juvik 1998, p. 17). Hawaiian Islands coastal ecosystem is
defined as near-shore areas impacted by the ocean. This ecosystem generally ranges within 328 ft
(100 meters) of the high tide, and up to 984 ft (300 m) in elevation. This limit is determined by
the effect of seawater on the substratum and plant rooting zone; the limit of spray kill; and the
limit of formations such as sand dunes, elevated coral outcrops, and marine terraces, which are
created largely through shoreline processes (e.g., inundation or exposure to salt water and
onshore flow of salt mist, strong winds, movement of sand by winds, and brackish basal
groundwater (Kim et al. 2020, p. 1). The coastal substrate consists of well-drained talus (the pile
of rocks that accumulate at the base of a cliff, chute, or slopes), cliff faces affected by salt mist,
calcareous (limestone) slopes, and dunes. This ecosystem can be dry (less than 47 in (1200 mm)
annual rainfall), mesic (47 to 98 in (1200 to 2500 mm)), and wet (more than 98 in (2500 mm))
(Kim et al. 2020, p. 1). The vegetation community within these dry and wet-mesic ecosystems
consist of herblands, sedgelands, grasslands, shrublands, mixed communities, and forests (Kim et
al. 2020, entire). Bidens hillebrandiana ssp. hillebrandiana occurs within the Hawaiian Islands
coastal ecosystem on coastal flats and mesic to wet coastal cliffs ((Kim et al. 2020, entire;
USFWS 2013a, p. 64657) (Figure 2)). Habitat quality where B. hillebrandiana ssp.
hillebrandiana is found ranges from poor to high quality (Figure 2 and Figure 4) with poor
quality habitat comprised primarily of nonnative introduced plant species, and high quality
habitat primarily native species.

e o

Hawai'i

Coastal Vegetation Quality
Very high quality

= High quality

Moderate quality

= Poor quality

Figure 2. Kohala Mountains habitats coastal ecosystem.

Species Needs

Bidens hillebrandiana ssp. hillebrandiana is found entirely within the coastal zone as delineated
by Kim et al. (2020). All records and known individuals are found on mesic to wet coastal flats
and near shore cliffs with vegetation comprised of mix of native and non-native species. Native
species present include Artemisia australis (hinahina), Cyperus phleoides, Euphorbia
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celastroides var. amplectens (‘akoko), Kadua littoralis (kadua), Osteomeles anthyllidifolia
(eluehe), Scaevola sericea (aupaka or beach naupaka), Sesuvium portulacastrum (‘akulikuli or
sea purslane) and Pandanus tectorius (hala) (PEPP 2019, p. 5). Areas of coastal flats with greater
representation of native species are more suitable habitat because less impacted by invasive
plants that overgrow and compete with B. hillebrandiana ssp. hillebrandiana (PEPP 2019, p. 5).

Bidens hillebrandiana ssp. hillebrandiana needs resilient populations that are redundant and
represented. Metrics we used for assessing species resiliency include the number of individuals
per population, habitat vulnerability to damage by stochastic events and habitat quality. Metrics
for assessing redundancy include number of resilient populations, number of geographic regions
where these occur, and distance between populations. Metrics for assessing representation
include whether the species occurs in different habitat types, morphological or genetic
differences among populations, and how well genetic diversity is distributed across populations
(Table 1).

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

Resiliency Redundancy Representation

Number of individuals per Number of resilient Number of different habitat
population populations types species occurs

Habitat quality Number of geographic Observed morphological or

regions species occurs genetic differences among
populations

Habitat vulnerability to Distance between populations | How well genetic diversity is
damage by stochastic events distributed across populations

FACTORS AFFECTING VIABILITY

Threats

In considering what factors might constitute threats to Bidens hillebrandiana ssp. hillebrandiana
we looked beyond the exposure of the species to a particular factor to evaluate whether the
species may respond to that factor in a way that causes actual impacts to the species. If there is
exposure to a factor and the species responds negatively the factor is considered a threat. During
the Species Report review, we attempt to determine how significant a threat it is. The threat is
significant if it drives, or contributes to, the risk of extinction of the species. We acknowledge
that the specific nature of the threats to the individual species are not completely understood.
Scientific research directed toward B. hillebrandiana ssp. hillebrandiana is limited because of
the species rarity and the challenging logistics associated with conducting fieldwork in Hawai‘i
(e.g., areas are typically remote, difficult to access and work in, and expensive to survey in a
comprehensive manner). For the purposes of this Species Report, our assumption is that the
threats that act at the ecosystem level also act on the individual species that occurs within those
ecosystems. The threats descriptions that follow are drawn from the Service listing rule for 15
Species on Hawai‘i Island (USFWS 2013a), the listing rule for 38 plants and animals on Maui,
Moloka‘i, and Lana‘i (USFWS 2013), and Hawai‘i Islands ecosystems biome assessment (Kim
et al. 2020, entire). Threats influencing viability of B. hillebrandiana ssp. hillebrandiana and
conservation actions to address these are summarized in Table 2.
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Habitat Destruction and Modification by Introduced Ungulates

Introduced mammals have greatly impacted the native vegetation, as well as the native fauna, of
the Hawaiian Islands. Impacts to the native species and ecosystems of Hawai‘i accelerated
following the arrival of Captain James Cook in 1778, as the Cook expedition and subsequent
explorers intentionally introduced a European race of pigs or boars (Sus scrofa) and other
livestock, including goats (Capra hircus) and cattle (Bos taurus) to serve as food sources for
seagoing explorers (Tomich 1986, pp. 120—121; Loope 1998, p. 752). The mild climate of the
islands, combined with the lack of competitors or predators, led to the successful establishment
of large populations of these introduced mammals. In coastal ecosystems, ungulates disturb the
soil, destroying vegetative cover and native vegetation, and creating open areas conducive to
invasion by introduced invasive plants (Kim et al. 2020, p. 13). Of the two remaining
subpopulations of Bidens hillebrandiana ssp. hillebrandiana, one is threatened by pigs and goats
(USFWS 2013a, p. 64653; PEPP 2019, p. 8).

Habitat Destruction and Modification by Nonnative Plants

Native vegetation on all of the main Hawaiian Islands has undergone extreme alteration because
of past and present land management practices, including ranching, the deliberate introduction of
nonnative plants and animals, and agricultural development (Cuddihy and Stone 1990, pp. 27,
58; Clark et al. 2019, entire). Nonnative plants adversely impact native habitat in Hawai‘i by
modifying the availability of light, altering soil-water regimes, modifying nutrient cycling, and
altering fire regimes, affecting native plant communities. The most-often cited effects of
nonnative plants on native plant species are displacement through competition. Competition may
be for water or nutrients, or it may involve allelopathy (chemical inhibition of other plants)
(Cuddihy and Stone 1990, p. 74). Nonnative plants may also displace native species by
preventing their reproduction, usually by shading and taking up available sites for seedling
establishment (Cuddihy and Stone 1990, p. 74).

Nonnative plant species in coastal areas that pose a threat to Bidens hillebrandiana ssp.
hillebrandiana include Pennisetum setaceum, Digitaria setigera, Digitaria ciliaris, Pluchea
carolinensis, P. indica, Schinus terebinthifolius, Cyrtomium flacatum, Wedelia trilobata,
Melastoma spp., and Casuarina equisetifolia and Psidium cattleyanum (USFWS 2013a, pp.
64655-64657; PEPP 2019, p. 5). Pennisetum setaceum (fountain grass) forms dense mats that
cover very large areas, thus outcompeting B. hillebrandiana ssp. hillebrandiana, in addition to
being a fire-adapted plant that burns swiftly and hot, causing extensive damage to surrounding
habitat (USFWS 2013a, p.64567). The understory and subcanopy species, Lantana camara,
Melastoma spp., Pluchea carolinensis, and Wedelia trilobata are fast growing, and form either
thickets or dense mats that crowd out and prevent establishment of individuals of B.
hillebrandiana ssp. hillebrandiana. Nonnative canopy species that pose a threat to B.
hillebrandiana ssp. hillebrandiana include Casuarina equisetifolia and Psidium cattleyanum
which form monotypic stands that prevent the growth of B. hillebrandiana ssp. hillebrandiana
below by over shading and crowding out (USFWS 2013a, p. 64657). In addition, Casuarina
equisetifolia accumulates high levels of pine needle litter that further prevent understory growth
(USFWS 2013a, p. 64657). Digitaria setigera propagates by seeds and runners, and a single
flower stem produces hundreds of seeds, which crowds out B. hillebrandiana ssp.
hillebrandiana, thus preventing regeneration (USFWS 2013a, p. 64657). On Paokalani, an
offshore islet, some translocation sites considered for B. hillebrandiana ssp. hillebrandiana were
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determined unsuitable because overgrown by Pennisetum setaceum and Lantana camara (PEPP
2019, p. 6).

Habitat Destruction and Modification by Fire

Alteration of fire regimes represents an ecosystem-level change caused by the invasion of
nonnative grasses (D’Antonio and Vitousek 1992, p. 73; Kim et al. 2020, p. 14). Beginning in
the late 18th century, Europeans and Americans introduced alien grasses for pasturage and
ranching (D’ Antonio and Vitousek 1992, p. 67). Although fires were historically infrequent in
mountainous regions, extensive fires have occurred in the last half of the 20 century in lowland
dry and mesic areas, leading to grass-fire cycles that convert forest to grasslands (D’ Antonio and
Vitousek 1992, p. 77). Fountain grass present in habitat areas where Bidens hillebrandiana ssp.
hillebrandiana occurs is a fire-adapted nonnative plant that produces a high fuel load that
increases fire intensity; this species regenerates quickly after fire and establishes rapidly in
burned areas (Kim et al. 2020, p. 14).

Habitat Destruction and Modification by Hurricanes and Tsunami

Hurricanes adversely impact native Hawaiian terrestrial habitat, including coastal habitat in
which Bidens hillebrandiana ssp. hillebrandiana occurs (Kim et al. 2020, p. 14). They do this
by destroying native vegetation, opening the canopy and thus modifying the availability of light,
and creating disturbed areas conducive to invasion by nonnative pest species. Major tsunamis
occur worldwide about once every 10 years, on average, and almost 60% of those occur in the
Pacific Ocean (Kim et al. 2020, p. 14). Bidens hillebrandiana ssp. hillebrandiana occurs in
coastal areas and is vulnerable to inundation by tsunamis.

Habitat Destruction and Modification Due to Flooding, Landslides, Rockfalls, treefalls, and
Inundation by High Surf

Bidens hillebrandiana ssp. hillebrandiana is vulnerable to flooding, landslides, rockfalls, and
treefalls that destabilize substrates, damage and destroy individual plants, and alter hydrological
patterns, which result in changes to native plant and animal communities (USFWS 2013a, p.
64659; Clark et al. 2019, pp. 5 and 7). Because B. hillebrandiana ssp. hillebrandiana occurs in
the near tidal zone the species is vulnerable to inundation by high surf and subsequent habitat
erosion (USFWS 2013a pp. 64659). The species is known mostly in close proximity to tidal
surge and situated on steep cliffs near the ocean making B. hillebrandiana ssp. hillebrandiana
vulnerable to rockfall and inundation by high surf.

Habitat Destruction and Modification by Climate Change

“Climate” refers to the mean and variability of different types of weather conditions over time,
with 30 years being a typical period for such measurements, although shorter or longer periods
also may be used (IPCC 2007, p. 78). The term “climate change” thus refers to a change in the
mean or variability of one or more measures of climate (e.g., temperature or precipitation) that
persists for an extended period, typically decades or longer, whether the change is due to natural
variability, human activity, or both (IPCC 2007, p. 78). Various types of changes in climate can
have direct or indirect effects on species. These effects may be positive, neutral, or negative and
they may change over time, depending on the species and other relevant considerations, such as
the effects of interactions of climate with other variables (e.g., habitat fragmentation) (IPCC
2007, pp. 814, 18-19; Clark et al. 2019, entire).
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In the main Hawaiian Islands, predicted changes associated with increases in temperature include
a shift in vegetation zones upslope, shift in species’ ranges, changes in mean precipitation with
unpredictable effects on local environments, increased occurrence of drought cycles, and
increases in the intensity and number of hurricanes (Loope and Giambelluca 1998, pp. 514-515;
Nelson et al. 2019, entire). The warming atmosphere is creating increase in tropical storm
frequency and intensity (e.g., tropical storms and hurricanes), and altered precipitation patterns
that contribute to regional increases in floods, heat waves, drought, sea level rise, and wildfires
that displace species and alter or destroy natural ecosystems (USFWS 2013, p. 32047; USFWS
2013a, p. 64662; Clark et al. 2019, entire).

Climate models predict increased tropical cyclone activity in the subtropical central Pacific
through years 2075 to 2099 (Murakami et al. 2013, pp. 749-750). Data on precipitation in
Hawai‘i show a steady and significant decline of about 15 percent over the since the 1980°s (Chu
and Chen 2005, pp. 4,881-4,900; Diaz et al. 2005, pp. 1-3). Downscaling of global climate
models indicates that wet-season (winter) precipitation will decrease by 5 percent to 10 percent,
while dry-season (summer) precipitation will increase by about 5 percent (Timm and Diaz 2009,
pp- 4,261-4,280). These data are supported by a steady decline in stream flow beginning in the
early 1940s (Oki 2004, p. 1). Altered seasonal moisture regimes can have negative impacts on
plant growth cycles and overall negative impacts on natural ecosystems (US-GCRP 2009, p. 79).
Bidens hillebrandiana ssp. hillebrandiana is vulnerable to increased occurrence of drought and
sea level rise due to climate change (USFWS 2013a pp. 64662 and 64653).

Fortini et al. (2013) conducted a landscape-based assessment of climate change vulnerability for
native plants of Hawai‘i using high resolution climate change projections. Climate change
vulnerability is defined as the relative inability of a species to display the possible responses
necessary for persistence under climate change. The assessment conducted on the species level
concluded that Bidens hillebrandiana, inclusive of ssp. hillebrandiana and polycephala, is
extremely vulnerable to the impacts of climate change with a vulnerability score of 0.964 (on a
scale of 0 being not vulnerable to 1 being extremely vulnerable to climate change) (Fortini et al.
2013, p. 67).

Herbivory and Predation

Herbivory and Predation by Introduced Ungulates: Hawai‘i’s plants and animals evolved in
nearly complete isolation from continental influences. Successful colonization of these remote
volcanic islands was infrequent, and many organisms never succeeded in establishing
populations. Grazing and browsing mammals were only introduced to Hawai‘i with arrival of
humans. In the absence of any grazing or browsing mammals, plants that became established did
not need mechanical or chemical defenses against mammalian herbivory such as thorns, prickles,
and production of toxins (USFWS 2013, p. 32051). The native flora and fauna of the islands are
thus particularly vulnerable to the impacts of introduced nonnative species eating plants and their
seeds (seed predation).

Herbivory and Predation by Rodents: There are three species of introduced rats (Rattus rattus, R.
exulans, and R. norvegicus) in the Hawaiian Islands and one species of mouse (Mus domesticus)
(Tomich 1986, pp. 45-46; Nelson et al. 2019, p. 8). Rats impact native plants by eating fleshy
fruits, seeds, flowers, stems, leaves, roots, and other plant parts (Atkinson and Atkinson 2000, p.
23), and can seriously affect plant regeneration. In the Hawaiian Islands, rats may consume as
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much as 90 percent of the seeds produced by some trees, or in some cases prevent the
regeneration of forest species completely (Cuddihy and Stone 1990, pp. 68—69). Mice also eat
seeds of Hawaiian plants (Nelson et al. 2019, p. 8). Rats are known in areas of coastal ecosystem
where Bidens hillebrandiana ssp. hillebrandiana occurs and are a threat to Bidens
hillebrandiana ssp. hillebrandiana (USFWS 2013a, p. 64669).

Inadequate Regulatory Mechanisms

Inadequate Habitat Protection from threat of Feral Ungulates: Nonnative feral ungulates pose
threat to Bidens hillebrandiana ssp. hillebrandiana through destruction and degradation of the
species’ habitat and herbivory, but State regulatory mechanisms are inadequate to address this
threat (USFWS 2013, p. 32058). The State of Hawai‘i provides game mammal (feral pigs and
goats, axis deer, and mouflon sheep) hunting opportunities on 38 State-designated public hunting
areas on the island of Hawai‘i (HDLNR 2003, pp. 10-11 and 44). However, the State’s
management objectives for game animals range from maximizing public hunting opportunities
(e.g., “sustained yield”) in some areas to removal by State staff, or their designees, in other areas
(State of Hawai‘i, H.A.R. 13-123).

Introduction of Nonnative Plants and Insects: Currently, four agencies are responsible for
inspection of goods arriving in Hawai‘i (USFWS 2013, p. 32056). The Hawai‘i Department of
Agriculture (HDOA) inspects domestic cargo and vessels and focuses on pests of concern to
Hawai‘i, especially insects or plant diseases. The U.S. Department of Homeland Security-
Customs and Border Protection (CBP) is responsible for inspecting commercial, private, and
military vessels and aircraft and related cargo and passengers arriving from foreign locations
(USFWS 2013, p. 32056). The U.S. Department of Agriculture-Animal and Plant Health
Inspection Service-Plant Protection and Quarantine (USDA-APHIS-PPQ) inspects propagative
plant material, provides identification services for arriving plants and pests, and conducts pest
risk assessments among other activities. (HDOA 2009, p. 1). The Service inspects arriving
wildlife products, enforces the injurious wildlife provisions of the Lacey Act (18 U.S.C. 42; 16
U.S.C. 3371 et seq.), and prosecutes CITES (Convention on International Trade in Wild Fauna
and Flora) violations.

The State of Hawai‘i allows the importation of most plant taxa, with limited exceptions (USFWS
2013, p. 32056). It is likely that the introduction of most nonnative invertebrate pests to the State
has been and continues to be accidental and incidental to other intentional and permitted
activities. Many invasive weeds established on Hawai‘i have currently limited but expanding
ranges. Resources available to reduce the spread of these species and counter their negative
ecological effects are limited. Control of established pests is largely focused on a few invasive
species that cause significant economic or environmental damage to public and private lands, and
comprehensive control of an array of invasive pests remains limited in scope (USFWS 2013, p.
32056).

Other Natural or Manmade Factors Affecting Continued Existence

Small Number of Individuals and Populations: Species that are endemic to geographically
limited areas or with narrow ranges are inherently more vulnerable to extinction than are
widespread species (reduced redundancy), because of the increased risk of genetic bottlenecks,
random demographic fluctuations, climate change effects, and localized catastrophes such as
hurricanes, landslides, rockfalls, drought, and disease outbreaks (Pimm et al. 1988, p. 757,
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Mangel and Tier 1994, p. 607). These problems are further magnified when the number of
individuals in each population is very small. Populations with these characteristics face an
increased likelihood of stochastic extinction due to changes in demography, the environment,
genetics, or other factors (Gilpin and Soulé 1986, pp. 24-34). A single, stochastic event can
result in the extinction of an entire species, if all the representatives of that species are
concentrated in a single area. In addition, small, isolated populations often exhibit reduced levels
of genetic variability, which diminishes the species’ capacity to adapt and respond to
environmental changes, thereby lessening the probability of long-term persistence (Barrett and
Kohn 1991, p. 4; Newman and Pilson 1997, p. 361). Very small, isolated populations of plants
also are more susceptible to reduced reproductive vigor due to ineffective pollination, inbreeding
depression, and hybridization (USFWS 2013, p. 32058). The problems associated with small
population size and vulnerability to random demographic fluctuations or natural catastrophes are
further magnified by synergistic interactions with other threats, such as those discussed above.
Rare species may experience reduced reproductive vigor due to ineffective pollination and
reduced levels of genetic variability, leading to diminished capacity to adapt and respond to
environmental changes, thereby lessening the probability of long-term persistence. Bidens
hillebrandiana ssp. hillebrandiana is threatened in particular by few populations (only one
population currently known) and small number of individuals within these (USFWS 2013a pp.
64662 and 64677).

Summary of Threats

Threats to habitat of Bidens hillebrandiana ssp. hillebrandiana occur throughout the species’
entire range and include habitat destruction and alteration by introduced ungulates and plants,
fire, natural disasters, and climate change, and the interaction of these threats. Ungulate impacts
include trampling and grazing native plants; increased soil disturbance; creation of open,
disturbed areas conducive to weedy plant invasion; and introduction of invasive plants from
dispersed fruits and seeds. Introduced plants represent a serious and ongoing threat through
habitat modification and destruction, including adverse impact to microhabitat by modifying the
availability of light; altered soil-water regimes; modification of nutrient cycling processes;
altered fire characteristics of native plant habitat, leading to incursions of fire-tolerant nonnative
plant species into native habitat; and invasive plants outcompeting, and directly inhibiting the
growth of native plant species.

Natural disasters, such as hurricanes and tsunami, represent a serious threat to the habitat of
Bidens hillebrandiana ssp. hillebrandiana because they create disturbed areas that are conducive
to invasion by nonnative pest plants and have potential to flood areas where the plants currently
exist. Flooding, landslides, rockfalls and treefalls, adversely impact B. hillebrandiana ssp.
hillebrandiana by destabilizing substrates, damaging and destroying individual plants, and
altering hydrological patterns. Other threats include rodent damage to native plants and seed
predation on native plants, which changes native coastal communities’ composition and
structure, and direct feeding on B. hillebrandiana ssp. hillebrandiana. Significant changes in
nutrient cycling processes have occurred because of large numbers of alien invertebrates such as
earthworms, ants, slugs, isopods, millipedes, and snails, resulting in changes to the composition
and structure of native plant communities (USFWS 2013, p. 32031). Changes in environmental
conditions are expected to continue for the foreseeable future including increasing temperatures,
decreasing precipitation, increased occurrence of drought, rise in sea level and increasing
frequency of tropical storms and tropical storm intensities. These changes may lead to the loss of
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native species due to direct physiological stress, the loss or alteration of habitat, increased
competition from nonnative species, and changes in disturbance regimes (e.g., fire, flooding,
hurricanes).

Existing State and Federal regulatory mechanisms are not preventing the introduction of new
nonnative species into Hawai‘i via interstate and international mechanisms, and intrastate
movement of nonnative species between islands and watersheds in Hawai‘i. Therefore, State and
Federal regulatory mechanisms do not adequately protect Bidens hillebrandiana ssp.
hillebrandiana from the threat of new introductions of nonnative species or the continued
expansion of nonnative species populations on and between islands and watersheds.

The greatest threats to Bidens hillebrandiana ssp. hillebrandiana currently are the low numbers
of occurrences and individuals, its limited range, potential herbivory and seed predation by
rodents, catastrophic destruction of existing populations by hurricane or tsunami, and nonnative
plants, which modify and destroy native habitat and outcompete native species negatively
affecting B. hillebrandiana ssp. hillebrandiana and its habitat.

Conservation Actions

Throughout the following discussion of conservation actions for Bidens hillebrandiana ssp.
hillebrandiana we refer to State, Federal, and private lands on Hawai‘i Island in the Kohala
region where conservation efforts are taking place (Figure 3). Descriptions of conservation
actions are drawn from the Service listing rule for 15 plants and animals on Hawai‘i (USFWS
2013a) and Plant Extinction Prevention Program (PEPP 2019). Where known we describe
whether populations are fenced and effectiveness of fencing at excluding feral ungulates.
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Figure 3. Hawai‘i State, Federal, and private conservation areas in Kohala region of Hawai‘i
Island.

Regulatory Actions

Endangered Species Act: The Service in 2013 determined endangered status under the
Endangered Species Act of 1973 (Act), as amended, for 15 plants and animals on Hawai‘i Island
including Bidens hillebrandiana ssp. hillebrandiana (USFWS 2013a, p. 64639). The primary
purpose of the Act 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 Act. Conservation
measures provided to species listed as endangered or threatened under the Act include
recognition of threatened or endangered status, recovery planning, requirements for Federal
protection, and prohibitions against certain activities. The Act encourages cooperation with the
States and requires that recovery actions be carried out for all listed species. The Act 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 Act 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 Service and State conservation agencies. The Service 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,
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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 Act, 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.

Invasive Species Interdiction and Removal

The Hawai‘i Invasive Species Council (HISC) coordinates county-wide and local initiatives for
the prevention and control of invasive species by providing policy level direction and planning
for the State departments responsible for invasive species issues (Nelson et al. 2019, p. 11). The
Big Island Invasive Species Council (BIISC) concentrates control efforts on invasive plant
species that pose the highest threat to Hawai‘i Island ecosystems and quality of life. Currently
BIISC concentrates its efforts on seven invasive plants, Ilex cassine (Dahoon holly), Photinia
davidiana (photinia), Cryptostegia grandiflora and C. madagascariensis (rubbervine), Buddleja
madagascariensis (smoke bush), Rubus sieboldii (Molucca Raspberry), Cotoneaster pannosus
(cotoneaster), and Markhamia lutea (Nile tulip) that have the greatest feasibility of eradication
due to their limited distribution (https://www.biisc.org/target-plants-for-eradication/). Some of
these species have the potential to become established in habitat where they are found that are
also areas for potential translocation of Bidens hillebrandiana ssp. hillebrandiana.

Watershed Partnerships

Watershed partnerships are voluntary alliances of public and private landowners “committed to
the common value of protecting forested watersheds for water recharge, conservation, and other
ecosystem services through collaborative management” (http://hawp.org/partnerships; Nelson et
al. 2019, p. 11). There are three watershed partnerships on Hawai‘i Island, the Mauna Kea
Watershed Alliance (MKWA), Tri-Mountain Alliance (TMA), and Kohala Mountains Watershed
Partnership (KMWP). The KMWP conducts activities in the Kohala Mountains watershed
including ungulate removal and watershed protection that benefit Bidens hillebrandiana ssp.
hillebrandiana (KMWP 2007, p. 3).

Plant Extinction Prevention Program (PEPP) and Hawai‘i Department of Land and Natural
Resources (HDLNR)

The State of Hawai‘i’s Plant Extinction Prevention Program (PEPP), administered by the Pacific
Cooperative Studies Unit (PCSU) at the University of Hawai‘i, supports conservation of plant
species by securing seeds or cuttings (with permission from the State, Federal, or private
landowners) from the rarest and most critically endangered native species for propagation and
translocation (http://pepphi.org). Funding for the PEPP program is from the State of Hawai‘i,
Federal agencies (e.g., Service), and public and private grants. The PEPP Program focuses on
species that have fewer than 50 plants remaining in the wild. PEPP management includes
surveys for plants from existing and new populations, monitoring wild populations and
translocations for survival and reproduction, establishing new translocation sites, manual and
chemical weed control, removing overgrowing vegetation from translocated plants, collection of
pollen and fruits, rodent and slug control, and fence construction, maintenance and feral ungulate
control (USFWS 2020, entire). The PEPP Program conducted surveys for Bidens hillebrandiana
ssp. hillebrandiana and identified potential translocation sites but was unsuccessful at collecting
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seeds or other genetic material from newly discovered population (PEPP 2019, pp. 3-8).
However, plans are underway to revisit these subpopulations to make collections for propagation
and translocation.

Summary Conservation Actions

Conservation measures provided to listed species under the Endangered Species Act (Act)
include recognition as threatened or endangered species, recovery planning, Federal protection,
and prohibitions against injurious activities. 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. Conservation actions for Bidens hillebrandiana ssp.
hillebrandiana include watershed protection, invasive species control, fencing and ungulate
removal, monitoring survival and reproduction of wild populations, and surveys to find new
populations. Future actions include collecting fruits for propagation, and ex situ propagation and
translocation.

Table 2. Factors influencing viability of Bidens hillebrandiana ssp. hillebrandiana.

Threat Conservation Action
Habitat destruction and herbivory by feral Some areas protected by natural barriers (sea
ungulates cliffs)
Habitat modification by introduced non- Some areas less suited to colonization by
native plants introduced non-native plants
Habitat destruction and modification by fire No

Habitat destruction and modification by
hurricanes and tsunami

Habitat destruction and modification due to
flooding, landslides, rockfalls, treefalls, and
inundation by high surf

Habitat destruction and modification by

No

Identify translocation sites less vulnerable to
these threats

climate change No
Herbivory by rodents No
Inadequate regulatory mechanisms No
Planned efforts to collect seeds and other
Small number of populations genetic material and identify suitable sites for
translocation
Small number of individuals within Planned translocations to augment existing
populations wild population
Drought No
Sea level rise No

CURRENT CONDITION

Description

We consider a species with greater numbers of distributed populations and populations with
greater numbers of individuals, to be better able to withstand stochastic events. We used three
main sources of information to determine species distribution and abundance. These include; 1)
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written reports by field biologists and propagators; 2) geographic reference area (GRA) and
location information ; and 3) expert elicitation (verbal and written communication with species
experts). GRAs delimit geographic areas, often a single watershed drainage, to apply a standard
naming convention to areas where a species occurs currently or known historically.

Historically, Bidens hillebrandiana ssp. hillebrandiana is known from 3 population units
(Halaula, Niuli‘i, and Pololii to ‘Awini) on the island of Hawai‘i from the windward eastern
coast of Kohala near the northern tip of the island (PEPP 2019, p. 4). In 2006, approximately 30
individuals were observed in the Pololii to ‘Awini population unit. Population estimates for other
historic populations are not available. Surveys conducted by PEPP from 2017-2019 at two
historic sites (Halaula, Niuli‘i) and two potential sites (Honoke‘a and Honopu‘e Valley) failed to
detect B. hillebrandiana ssp. hillebrandiana.

While surveying the Pololil to ‘Awini population, two clusters of B. hillebrandiana ssp.
hillebrandiana, totaling approximately 40 plants, were discovered (PEPP 2019, pp. 3-4 and 7;
USFWS 2020). One subpopulation is on a perched coastal ledge and does not currently seem to
be under immediate threat by ungulates; the other is potentially vulnerable to damage by feral
ungulates (PEPP 2019, p. 8).

During the 2017-2019 PEPP surveys, the survey team identified four potential translocation sites
outside current known populations further south along the coastline (Paokalani Islet, Honoke‘a
Valley, Honopu‘e Valley and ‘Apua Point). These sites have native associated species of B.
hillebrandiana ssp. hillebrandiana, sufficient area for translocated plants, and similar soil
composition, elevation and aspect (PEPP 2019, p. 8). It is not known how long seeds of B.
hillebrandiana ssp. hillebrandiana are viable under natural conditions and the potential for plants
to be found in the future at sites recently surveyed but no B. hillebrandiana ssp. hillebrandiana
were found. There are few seeds and other genetic material of B. hillebrandiana ssp.
hillebrandiana in ex situ genetic storage and no plants of B. hillebrandiana ssp. hillebrandiana
known currently in ex situ propagation.

Table 3. Current and historic distribution of Bidens hillebrandiana ssp. hillebrandiana.

Population Name Figure 4 | Ecosystem | Population Type Number of
Location Type Individuals
Halaula A Coastal Wild unknown
Niuli‘i B Coastal Wild unknown
Pololii to ‘Awini C Coastal Wild 40

Summary distribution and populations: Bidens hillebrandiana ssp. hillebrandiana currently
exists in one location consisting of two subpopulations of approximately 40 plants from the
Pololi to ‘Awini population unit. The two known subpopulations are separated by steep cliffs
which may function as a barrier to seed dispersal, however they may be cross-pollinated by
insect pollinators. There are few seeds or other genetic material of B. hillebrandiana ssp.
hillebrandiana in ex situ genetic storage and no plants of B. hillebrandiana ssp. hillebrandiana
currently in ex situ propagation.
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Figure 4. Current population distribution of Bidens hillebrandiana ssp. hillebrandiana.

VIABILITY ANALYSIS

We evaluate the current condition of Bidens hillebrandiana ssp. hillebrandiana by evaluating
species resiliency, redundancy, and representation. Metrics for assessing resiliency, redundancy,
and representation of Bidens hillebrandiana ssp. hillebrandiana are summarized in Table 4.

Resiliency

Resiliency is having sufficiently large populations for Bidens hillebrandiana ssp. hillebrandiana
to withstand stochastic events. We measure resiliency based on metrics of population size and
freedom from threats including herbivory and introduced invasive plants, damage from flooding
and landslide and other threat factors. Larger populations protected from threats are better able to
withstand disturbances such as random fluctuations, for example fluctuations in seed set
(demographic stochasticity), variations in rainfall (environmental stochasticity), drought, small
population size, and other factors. There is only one wild population of B. hillebrandiana ssp.
hillebrandiana totaling approximately 40 plants. The two subpopulations are separated by steep
cliffs. One subpopulation is protected by natural barriers from feral ungulates, but is on a coastal
ledge and is more susceptible to erosion and inundation by high surf. The other subpopulation is
more susceptible to threats from feral ungulates. There are few seeds or other genetic material of
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B. hillebrandiana ssp. hillebrandiana in ex situ genetic storage and no plants currently in ex situ
propagation. We consider resiliency therefore for B. hillebrandiana ssp. hillebrandiana to be
“very low” (Table 4) because there is only one wild population and little to no ex situ
propagation.

Redundancy

Redundancy is having a sufficient number of resilient populations distributed geographically that
a species can withstand catastrophic events. For Bidens hillebrandiana ssp. hillebrandiana we
evaluate redundancy for numbers of populations, proximity of populations within their respective
regions, and distance between population groupings. We consider redundancy for B.
hillebrandiana ssp. hillebrandiana to be “very low” because there is only one wild population
(Table 4). The species could be extirpated in the wild by a single catastrophic event such as
tsunami or hurricane.

Representation

Representation is having breadth of genetic makeup and diversity in habitat type for Bidens
hillebrandiana ssp. hillebrandiana secured in multiple populations to adapt to changing
environmental conditions. We consider representation for B. hillebrandiana ssp. hillebrandiana
to be “very low” because it exists solely in one wild population in one habitat type (coastal
ecosystem) and there are no known differences in morphology or genetics between individuals
within and between the two subpopulations (Table 4). Translocation preparation efforts are
ongoing . The establishment of additional populations in protected habitats is currently being
planned but not yet executed. All genetic structure at this subspecies level is at risk of being lost
due to the limited number of populations and their current level of resiliency, as well as little to
no ex situ representation.

Table 4. Metrics for assessing resiliency, redundancy, and representation of B. hillebrandiana ssp.
hillebrandiana.

Resiliency Redundancy Representation

Population subject to flooding, 1 wild population One habitat type species

landslides, and inundation by high occurs

surf

One subpopulation only protected | Very low resiliency in | No observed morphological

from feral ungulates by natural single population differences among individual

barriers; both populations subject plants

to all other threat factors

Only 40 known wild plants Little to no seeds or other
genetic material in ex situ
storage

Species Viability Summary

We evaluate viability of Bidens hillebrandiana ssp. hillebrandiana (Table 5) in light of threats
and conservation actions taken to reduce or remove these threats (Table 2). The threat from
ungulates is naturally aleviated for only one subpopulation. All other threats (invasive plants,
drought, threat of flooding, landslide, treefall, inundation by high surf) are not managed, and
there are few propagules of B. hillebrandiana ssp. hillebrandiana in ex situ genetic banking and
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cultivation. Therefore, and given very low resiliency, redundancy, and representation, we
consider viability for B. hillebrandiana ssp. hillebrandiana to be “very low.”

Table 5. Bidens hillebrandiana ssp. hillebrandiana current condition: resiliency, redundancy,

representation, and viability.

Resiliency

Redundancy

Representation

Viability

Bidens hillebrandiana

ssp. hillebrandiana Very low

Very low

Very low

Very low
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APENDIX A: GLOSSARY OF TERMS

Definitions of botanical terms are in: Wagner, W.L., D.R. Herbst, and S.H. Sohmer. 1990.
Glossary. Pages 1625-1657 in W.L. Wagner, D.R. Herbst, and S.H. Sohmer (editors). Manual of
Flowering Plants of Hawaii, University of Hawaii Press, Bishop Museum Press, Honolulu.

Term
Achene

Bipinnate (bipinnately)
Compound

Crenate (creanately)

Cross-pollination

Cymes A broad class of determinate inflorescences characterized by
having the terminal flower bloom first.

Decumbent A growth habit in which a portion of the stem lies close to the
ground without rooting adventitiously, with the upper part of
the erect or ascending.

Demographic Relating to the structure of populations.

Endemic An organism restricted to a specific habitat or geographic range.

Extinction The state or process of a species population declining to zero
individuals.

Ex situ Preservation of components of biological diversity outside their
natural habitats.

Feral Animal in a wild state, especially after escape from captivity
or domestication.

Fleshy Thick and juicy, succulent.

Glabrous Without hairs (trichomes) or glands.

Gynodioecious Have both hermaphroditic and female-only plants in a
population.

Hybridization Process of an animal or plant breeding with an individual of
another species or variety.

Inflorescence Flower cluster of a plant.

Inbreeding depression

Definition

The most generalized type of dry, one-celled, indehiscent fruit;
seed coat is ot attached to the pericarp

Twice pinnate; the pinnae are again pinnate.
Having two or more similar parts in one organ.
Provided with shallow, ascending, rounded teeth.

Pollination of a flower or plant with pollen from another flower
or plant.

Reduced biological fitness in a given population as a result of
inbreeding, or breeding of related individuals.

Interfertile Capable of breeding with another species.
In situ In the original place.
Lateral Pertaining to or situated on the side of an organ, e.g., a lateral

inflorescence.
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Lobe (lobed)
Margin (margins)

Mesic

Outcross (outcrossing)
Ovate

Peduncle
Perennial
Petiole

Pinnate (pinnately)

Pubescent

Recombinant

Redundant (redundancy)
Represented (representation)
Resilient (resiliency)

Self (self-pollination)

Setose

Simple

Solitary

Species viability

Stochasticity (stochastic)

Suffrutescent
Translocation

Trichome

Ungulate

A projecting segment of an organ usually extending less than
halfway to the base or center.

The boundary area extending along the edge of the leaf or other
part of a plant.

Intermediate moisture availability (between wet and dry).
Breed with one not closely related.

Egg-shaped,with the axis widest below the middle.

The stem of an inflorescence.

A plant that lives more than two years.

A leaf stalk that attaches the blade of a leaf to the plant stem.

With two rows of lobes, veins, leaflets, lateral branches, or
appendages along an axis, like the barbs on the shaft of a
feather.

Bearing hairs (trichomes) of any type.

Thkeprssanednrppoggayyod Loatbmativar0bd Eganoyppssaadd
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The number of populations or sites necessary to endure
catastrophic losses.

The genetic diversity necessary to conserve long-term adaptive
capability.

The size of population necessary to endure random
environmental variation.

The transfer of pollen from the anther to the stigma of the same
flower or of another flower on the same plan.
Covered with bristles.

Composed of not more than on identical unit, not compound.

Borne alone or singly.

A species’ ability to sustain populations in the wild beyond the
end of a specified time period, assessed in terms of its
resilience, redundancy, and representation.

Randomly determined; having a random probability distribution
or pattern that may be analyzed statistically but may not be
predicted precisely.

A perennial plant that is slightly woody at the base.

Movement of a living organism from one place to another.

Any hair-like growth of the epidermis, as a hair or bristle.

Hooved mammals.
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Viability Ability to survive or live successfully.

Watershed A physiographic area bound by a drainage divide and within
which precipitation drains to a common point.
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