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Abstract:

The Ko‘olau mountain range on O‘ahu, Hawai‘i, is home to an exceptional amount of
endemic plant life. However, the mountain range’s unique biodiversity is under threat from
climate change-induced drought and the spread of invasive species, which is highlighted by
declining rainfall patterns (Giambelluca et al., 2013). This study aims to provide an
understanding of where certain target species are likely to be found and most resistant to these
threats based on the aspect of a slope in relation to O‘ahu’s prevailing trade winds. Specifically,
Labordia hosakana and Lobelia gaudichaudii subsp. gaudichaudii will be the two species
surveyed for this study (Figures 2 and 4). The study will survey species communities across the
upper Manoa watershed from Pu‘u Konahuanui to ‘Awa‘awaloa (Mt. Olympus), with the
primary study site being the west, north, and east-facing aspects of Pu‘u Konahuanui. These
surveys will be used to make predictions of these species communities across Manoa, and the
information will be presented using ArcGIS maps that highlight the most suitable habitat for
these species in relation to slope and aspect. This research will provide range information to
decision-makers, so that they can be best informed when making management decisions
regarding future actions for a specific species of interest across the Ko‘olaus. The study will
address the lack of on-the-ground data to support modeling work done on all native Hawaiian
plants, much of which was based on outdated GPS points for various species that have since
contracted for Hawai‘i’s rarest and declining plant species. The research findings will be
valuable for resource managers within the Plant Extinction Prevention Program, the O‘ahu Army
Natural Resources Program, and the Ko‘olau Mountain Watershed Partnerships for protecting

rare and declining plant species on the Ko‘olau summit and for making informed management



decisions regarding species of concern. This research is on-going as of the spring 2023 semester

to be completed with a final capstone project in the spring of 2024.
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Correlating the Current and Potential Ranges of Hawai‘i’s Declining Native Plant Species in

Relation to Slope and Aspect on the Summit of Pu‘u Konahuanui on the Island of O‘ahu

Motivation:

The Ko‘olau mountain range on O‘ahu is unique in comparison to other mountain ranges
in the world. The range is home to a host of endemic plant life ranging from species found across
the Ko‘olaus, species that have formed different subspecies based on geographic separation, and
narrow endemic species restricted to very specific geographic locations. This incredible amount
of biodiversity is under threat due to anthropogenic factors such as drought-induced climate
change and invasive species that outcompete native plants (The Nature Conservancy of Hawai‘i).
However, not only are Hawai‘1’s rarest plants facing these threats, but there is another category
of declining species that is not receiving sufficient attention or funding from managing agencies,
whether federal or state.

In the conservation community, these species are referred to as "apparently secure,
species of concern, or candidate," which means they are candidates for federal listing status
(Imada et al., 2010). However, these terms are not official statuses recognized by the United
States Fish and Wildlife Service (USFWS), the Plant Extinction Prevention Program (PEPP)
within the Division of Forestry and Wildlife (DOFAW), or any other agency. Instead, they are
commonly used to describe endemic species that land managers suspect are declining.
Conservation experts who have worked in the Ko‘olau mountains for many years are concerned
about these declining species that are both understudied and underfunded. These are species that
play a vital role in the Ko‘olau mountain range’s biodiversity, which supports O‘ahu’s primary

sources of freshwater for over one million people who rely on a healthy and biodiverse native



forest to sustain the island’s daily freshwater needs. (DeMaagd et al., 2021). Specifically, this
research aims to study how invasive species impact the target species’ distributions, as their
distributions relate to the trade winds acting as a natural defense from invasive weeds based on
slope and aspect.

Additionally, the wao akua meaning sacred forests, were traditionally to be left alone in
native Hawaiian culture, but now, with the introduced threats that humans have brought to the
Hawaiian Islands, this refuge for endemic biodiversity and Hawaiian culture demands human

intervention to prevent a loss in biodiversity from occurring (Winter et al., 2018).

Background:

Resource managers within the PEPP, the O‘ahu Army Natural Resources Program
(OANRP), and the Ko‘olau Mountain Watershed Partnerships (KMWP) face challenges in
protecting rare species on the Ko‘olau summit, while not having time for other native species
that lack official federal or state designations (Department of the Interior, Fish and Wildlife
Service, 2022). The mountain range, with a maximum elevation of 960 meters (3,150 ft.), has a
number of native Hawaiian plants with no future habitat in the face of anthropogenic threats that
have pushed their way to the highest elevations. Being the case, modeling work by Fortini et al.
(2013) predicts that a number of native species across Hawai‘i will likely disappear because
there is no future habitat for these species to migrate. These species are referred to as "wink-out
species," meaning they will likely become extinct in the wild if their habitat becomes so severely
degraded or altered because of these threats. The Ko‘olau mountains, along with coastal and
nearshore environments on O‘ahu, have the highest number of "wink-out species" in Hawai‘i,

which goes back to the mountain range’s fixed elevation at 960 meters limiting the physical



habitat for species to move any higher (Fortini et al., 2013). As a result of these numerous
challenges, land managers lack suitable habitat information needed to make informed
management decisions for these species in the face of anthropogenic threats.

The Fortini et al. (2013) paper quantified nearly every native Hawaiian plant species with
a vulnerability score in relation to climate change, demonstrating through statistical modeling
how vulnerable each species is compared to others based on a variety of factors. Species with the
highest scores are considered the most vulnerable and tend to face overlapping biotic threats such
as non-native ungulates, rats, and invasive plant species that have spread throughout their range.
On a scale between 0.0 - 1.0, Labordia hosakana and Lobelia gaudichaudii subsp. gaudichaudii
(Figures 2 and 4), the species chosen for this study, have among the highest vulnerability scores
above 0.9 (Fortini et al., 2013). However, the PEPP within the DOFAW has pointed out the lack
of on-the-ground data to support this modeling work done on all native Hawaiian plants, much of
which was based on outdated GPS points for various species that have since contracted for
Hawai‘i’s rarest and declining plant species (Department of the Interior, Fish and Wildlife

Service, 2022).

Objectives:

At the end of the project, my objectives are to provide the PEPP, the OANRP, the Bishop
Museum, and the USFWS with information and an understanding for where certain target
species are likely to be found based on the slope and aspect of the topography in relation to
O‘ahu’s prevailing trade winds. This research will highlight how slope and aspect affect the
distributions of Labordia hosakana and Lobelia gaudichaudii subsp. gaudichaudii and potential

other suitable habitats across the Manoa watershed (Figures 2 and 4). This information will be



invaluable for understanding where and what habitats are most naturally resistant to invasive
weeds, primarily Hedychium gardnerianum in Manoa, because resources and personnel are
limited to manage these large-scale landscapes. Preliminarily, I predict that Hawai‘i’s tradewinds
will be the best natural defense against invasive plant species and that suitable habitat will
prevail in select areas based on how directly a slope interacts with the tradewinds.

The information will be presented using ArcGIS maps, which will best display the
predicted potential habitats for the target species surveyed from Pu‘u Konahuanui to other
locations across the Manoa watershed. In the end, my objective is to provide this information to
decision-makers, so that they can be best informed when making management decisions

regarding future actions for a species of interest.

Approach:

The PEPP is currently focused on native plants with 50 or fewer individuals remaining in
the wild, but this has been criticized as an arbitrary number because it disregards other species in
decline that also require attention. My research aims to address a part of this issue by focusing on
two species of concern within the upper Manoa watershed. Specifically, Labordia hosakana and
Lobelia gaudichaudii subsp. gaudichaudii will be studied from Pu‘u Konahuanui to
‘Awa‘awaloa (Mt. Olympus), with the primary study site being the west, north, and east-facing
aspects of Konahuanui to make predictions regarding the entire watershed (Figures 2 and 4).

This information will provide land managers with range/ habitat information to predict
the locations of other target species of concern compared to their known historical ranges. This
research will be focused on the Ko‘olau summit where I can have the greatest impact with my

knowledge and experience in the challenging wet montane bog environment on the steep



Ko‘olau summit. A focus of this study, suggested by Lucas Fortini, is to encompass multiple
taxa/ genera in order to provide broader results than single-endemic or genus-specific study.
During these surveys, the three aspects will be thoroughly surveyed to find all individuals/
populations of the target species, and when individuals are located, their corresponding slope,
aspect, and GPS data will be recorded. Subsequently, this information will be projected across
the entire Manoa watershed using ArcGIS to find the areas with the highest probability for these
target species. These maps will put an emphasis into the 3D nature of the landscape and color
coating, so that the areas with the highest probability stand out from areas with low probability.
In addition, it’s important to note that the number of undiscovered Hawaiian endemic
species remains unknown. The recent discovery of a new Ko‘olau endemic, Cyanea
konahuanuiensis, atop Pu‘u Konahuanui in 2015 (Sporck-Koehler et al., 2015) further highlights
the need to minimize my disturbance in this fragile environment, as well as the value of Pu‘u

Konahuanui in terms of biodiversity and this research.

Proposed Outputs:

From this research, the expected outputs will be a published paper and my final capstone
project on the selected Ko‘olau endemic species of concern. This will include numerous maps of
the Manoa watershed made through ArcGIS from ArcGIS Field Maps that show the current and
expected distribution/ ranges across the upper Manoa watershed from their habitats surveyed on
Pu‘u Konahuanui. Then, this will be used to project their ranges across the windward summit.
Additionally, since current literature lacks a cogent definition for what constitutes a viable
population among rare species, I intend to bring forth insight into what might be a genetically

diverse population when it comes to rare species, with the understanding that other Hawaiian



Lobeliads have been shown to be autogamous in the absence of native pollinators (Cory, Pender,
& Jones, 2015).

Finally, any additional information regarding the presence or extent of threatened or
endangered species will be included from my conducted surveys on Pu‘u Konahuanui to best
assist land managers with the most up-to-date range information regarding my sightings. All of

this will be documented with photos to be included in both the paper and capstone.

Proposed Outcomes:

This study will provide land managers with useful information regarding projected
habitats for L. hosakana and L. gaudichaudii subsp. gaudichaudii across the mountain range’s
windswept environments in relation to slope and aspect. The methods from this study could then
be extrapolated across genera or target species to provide land managers with the best potential
survey sites for subsequent populations or reforestation efforts based on known/ historical data.
This can reduce on-the-ground efforts and maximize efficiency to focus only on the best possible
habitats to withstand the threat of invasive species. In the end, a productive and cooperative
project engaging with all the stakeholders involved is essential to ensure the best outcome for

those across agencies and ultimately the Ko‘olau mountain’s biodiverse native environment.

Timeline:

The project will begin during the 2023 spring semester with initial surveys of Pu‘u
Konahuanui. During these initial hikes, I will be looking for the most viable and safest methods
to survey the arduous summit environment. The bulk of the surveys around all three major

aspects of Pu‘u Konahuanui are expected to be conducted during the summer of 2023, with



subsequent GIS work showing the current distributions and potential ranges to be completed
after these surveys during the 2023 fall semester. Upon completion of this work, my NREM
capstone project will be submitted during the spring 2024 semester; my graduating semester

(Figure 1).

Resources Needed:

The primary resources needed to perform this research project is a 60 meter rope, a laptop
with ArcGIS, ArcGIS Field Maps, both desktop and mobile versions, and time to survey Pu‘u
Konahuanui. The 60 meter rope is an essential length to be able to sufficiently cover the entire
length of the aspect without missing any areas that the target species might be. Additionally, it is
currently unknown how long it will take to gather all the data or how many times Pu‘u
Konahuanui will need to be hiked in order to have a sufficient amount of data to project this
information across the entire Manoa watershed. This is why time is one of the biggest resources,
so that the data can be gathered in a safe but also thorough manner across the challenging terrain.

In addition, I will be borrowing a clinometer from the NREM department to gather slope
data, and resources that I’'m already in possession of are my cell phone for GPS/ ArcGIS points,

hiking pants, transportation, and other generic hiking gear.
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Figure 1. Project Timeline

Figure 2. Lobelia gaudichaudii subsp. gaudichaudii



Figure 3. Lobelia gaudichaudii subsp. koolauensis. Lobelia gaudichaudii subsp. koolauensis is L.

gaudichaudii subsp. gaudichaudii central/ northern Ko‘olau mountain counterpart.



Figure 4. Labordia hosakana
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