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Abstract

Invasive plants have detrimental effects globally, including the state of Hawai‘i, where they
endanger native species and cultural practices. Invasive species can outcompete native plants for
habitat and resources. Papahana Kuaola, a non-profit organization in He‘eia on O‘ahu, has
observed a high number of invasive plants on their property. This high density of invasive plants
has inhibited their ability to perform restoration work. The goal of this study was to develop new
information on the distribution and impact of invasive species present in active restoration areas
at Papahana Kuaola by identifying invasive plants and creating a catalog based on their risk of
invasiveness. This information can be used by Papahana Kuaola to inform ongoing efforts to
eradicate invasive species on actively managed sites. I conducted biological field surveys to
identify invasive plants on active restoration areas of the property. After the current invasive
species were identified, identified species were then ranked by their perceived risk (high,
medium, or low) according to the Hawai‘i Pacific Weed Risk Assessment (HPWRA) based on
49 criteria. Plants not already scored by the HPWRA were independently scored using the same
49 criteria to give an estimated risk score. GPS coordinates were then used to develop maps of
each species and risk group in ArcMap. Overall, 61 unique invasive species were identified at
Papahana Kuaola: 49 high risk species, 7 medium risk species, and 5 low risk species. We
focused on incipient populations, those invasives that have potentially severe negative impacts
but limited populations. There are 18 incipient species on site that have 5 or less cluster counts,
indicating low current populations. These species have been divided into 5 prioritization levels.
The first grouping of incipient species include Schoenoplectus californicus, Adiantum
raddianum, Dysphania ambrosioides, and Plantago major. By focusing eradication on these
species, Papahana Kuaola will be able to minimize their spread and impact. The development of
an invasive species catalog, along with appropriate management recommendations will inform
restoration of native species at Papahana Kuaola, as well as other locations in Hawai‘i.
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Motivation

Non-native invasive plant species (hereafter, invasive species) contribute to environmental
change and global ecological collapse (Vitousek et al., 1996) due to their high reproductive rates
and environmental adaptability. In addition, they can also reduce biodiversity and negatively
impact native plant populations, including endemic species (Pysek et al., 2012; Asner et al., 2008).
The high resilience of invasive plants often helps them to withstand more extreme conditions
compared to their native counterparts, allowing invasive plants to outcompete native plants
(Pattison et al., 1998). Furthermore, invasive plants have historically altered ecosystem functions
globally (Pysek et al., 2012; Vila et al., 2011; Leung et al., 2012), including nutrient and water
cycles (Blackburn et al., 2014).

In Hawai‘i, invasive plants often have severe detrimental effects on rare native and
endemic species and ecosystems (Johnson et al., 2005; Niemic et al., 2017). Hawai‘i is highly
susceptible to the effects of non-native invasive plant species because existing native populations
often lack adaptability to withstand ecological change (Niemic et al., 2017; Fox and Loope 2007).
Human populations have exacerbated these negative impacts through accidental and intentional
plant introduction (Vitousek et al., 1996; Keller et al., 2011). The Hawaiian Islands have
experienced global trade for several hundred years (Burnett et al., 2006), which has increased the
number of invasive species that reach the island. Anthropogenic processes of trade, travel, and
development have had negative ramifications for endemic ecosystems (Keller et al., 2011; Niemiec
etal., 2017). Whether intentional or accidental, invasive plants hinder restoration and conservation
efforts (Harrington and Ewel 1997; Epanchin-Niell et al., 2010) by preventing native plants from

reestablishing.



Background

Historically, the dispersal of invasive plants can be attributed to human migrations (Dennell
2017; Keller et al., 2011). Many invasive plants have origins in Asia and Africa, but are now
established across the planet due to travel, migration, and colonization. Humans serve as carriers
for invasive plants, both through intentional introduction and when spores or seeds can attach to
humans themselves, domesticated animals or objects they carry (Dennell 2017). When people
settle into new areas, invasive plants can cause habitat loss and fragmentation through rapid growth
and changes in disturbances regimes. (Dennell 2017; Paini 2016; Keller et al., 2011). Overall,
invasive plants occupy a wider range of niches than their native counterparts (Masson et al., 2016),
leading to limited resource and habitat availability for native species. Non-native invasive plants
have proven to be detrimental through their ability to adapt to adverse environmental conditions
(Perkins et al., 2013; Keller et al., 2011).

Invasive species have become increasingly dominant across the globe, but have become
especially prominent in geographically isolated locations like Hawai‘i. Early Polynesian settlers,
and to a greater extent European colonizers, introduced many non-native species to Hawai‘i
(Vitousek et al., 1996), at least some of which are invasive today. Hawai‘i’s rapidly changing
history of land use has served as a catalyst for the spread of invasive plants. For example, settlers
first introduced the Polynesian pig (Sus scrofa L.) to the Hawaiian islands when they initially
arrived over a thousand years ago. Currently, feral pig populations (hybridized Polynesian pigs,
European wild boar, and domesticated swine) have grown exponentially and have damaged native
and previously undisturbed spaces throughout Hawai‘i (Wehr et al. 2018). Feral pigs damage
forested landscapes through trampling and grazing, creating an area for non-native invasive plants

to thrive (Nogueira et al., 2007). Along with non-native mammalian species, agriculture methods



that alter landscapes also promote the spread of plant disease and pest infestations which assist in
the decline of native populations and allow for growth of invasive plants that are more resilient.

Various state agencies are leading efforts to reduce the introduction of invasive plants,
however, private individuals and nonprofit organizations are also playing a vital role. Nonprofits
have a unique opportunity to contribute to restoration and conservation work while also educating
communities about environmental practices that can support endemic species. Organizations
situated in He‘eia, on the windward side of O‘ahu, are leaders of restoration work and education
(Campbell and Campbell 2017). Papahana Kuaola, a non-profit in He‘eia, is working to restore
native species and eradicate non-native invasive plants. Papahana Kuaola was founded in 2007
with a mission to create educational programs that are rooted in economic sustainability,
environmental restoration, and Native Hawaiian practices (Papahana Kuaola 2019). Their 63-acre
property has a high coverage of non-native invasive plants, inhibiting their ability to complete
restoration work. One of the main current priorities of Papahana Kuaola is to identify the non-
native invasive plant species on their site, and prioritize them for eradication. To accomplish this,
the organization needs more information on which non-native invasives are present on their
property, as well as the severity of their impacts. Due to the vast number of invasive plants in
He‘eia, there is a need to determine what species are present, where they are located, and what the
potential and actual impacts are to better target management activities.
Objectives

The overall objective of this study was to develop new information the distribution and
potential impact of invasive species present at Papahana Kuaola by identifying all invasive plants
and ranking them according to their various risk levels as defined by the Hawai‘i Pacific Weed

Risk Assessment (HPWRA). This project also supported Papahana Kuaola’s goals of



environmental restoration and education because identifying invasive species on their site gives
them more information on how to move forward with their own restoration and conservation work.
Furthermore, the identification of incipient populations can aid in prioritizing eradication and
restoration efforts at Papahana Kuaola, and potentially across the state of Hawai‘i.

Approach

Study Site

Papahana Kuaola is a 501(c)(3) nonprofit organization situated in He‘eia on the eastern
side of the Island of O‘ahu, Hawai‘i. The property encompasses 63 acres, including the nearby
Ko‘olau Mountain ridgeline (Figure 1), and consists of lo‘i kalo (flooded taro fields), culturally
important plants and gardens, offices, and communal workspaces. Due to He‘eia’s history of land
use (i.e. undisturbed, to lo‘i kalo, and then to rice paddie agriculture, and currently to residential
land use), the ecosystems in the watershed have changed significantly over time. This changing
land use coupled with high populations of feral pigs has contributed to the large number of invasive

plants present.

Figure 1. The above maps identify Papahana Kuaola’s location on the island of O‘ahu (left map) and their

location within the ahupua‘a of He‘eia (right map).



Plant Identification and Photo Documentation

I have conducted biological field surveys to identify invasive plants present on a smaller
portion of Papahana Kuaola’s 63 acre property, focusing on areas where active restoration is
occurring (Figure 2). The field surveys were divided into two zones: (1) the riparian zone, and (2)
the lo‘i (flooded taro) zone. Focusing on these active restoration areas is valuable because staff
frequent these areas on a daily basis, and consistent eradication of invasives is more feasible here.
The biological surveys built upon previously established methods of performing plot observations
(Goldstein et al., 2008; Goldman et al., 2008; Harrington and Ewel 1997). Within the riparian
zone, | walked along the stream bank, stopping every 10 meters and identifying each invasive
plant, repeating this process for the opposite side of the stream bank. The lo‘i kalo zone includes
current lo‘i kalo, as well as land that was historically used to maintain lo‘i. The total area for the
survey zone was 7.2 acres. I followed the same sampling method that I performed in the riparian
zone of stopping every 10 meters in a grid pattern to identify invasive plants. In each plot I took
photographs of each plant, and noted important details such as leaf patterns, stems, flowers, and
seeds, which were crucial in identifying plants that were unknown. With the plot surveys and
photographs, I created a catalog of non-native invasive plant species at Papahana Kuaola including
the scientific name, common name, and Hawaiian names of each plant, when available. Incipient
populations of invasive species were also identified in the catalog to help guide Papahana Kuaola
on where to focus their eradication efforts. To confirm species identity I looked at prominent field
guides and weed guidebooks of Hawai‘i, as well as the Hawai‘i Pacific Weed Risk Assessment

website (Wagner 1999; Pratt 1998; Haselwood 1996).



Figure 2. Survey zone for field work performed from July 2020 - October 2020, including both the riparian
zone and lo‘i zone of Papahana Kuaola. Total area = 7.2 acres.

Weed Ranking (Hawai ‘i Pacific Weed Risk Assessment)

The Hawai‘i Pacific Weed Risk Assessment (HPWRA) website has an extensive list of
non-native invasive plant species currently present in Hawai’i, as well as many of those that could
have a large impact if introduced, accompanied by scores of potential impact. The invasive plant
species listed are given a score based on forty nine qualities, including things such as reproduction,
dispersal rates, and seed production. Scientists from the HPWRA gathered this information from
scientific journals, articles, and field guides. The invasive species are then divided into three
categories: low risk (plants with scores less than 1), medium risk (scores between 1 and 6), and
high risk (scores of greater than 6) (Table 1; HPWRA 2020). After completing the field surveys,
invasive plants encountered were assigned a score from the HPWRA. For those species that are

not identified by HPWRA, I performed an analysis answering the same criteria by referencing



scientific journals, articles, and field guides to answer the questions of the risk assessment (See
Appendix 1). In order to properly assess those species, I maintained a detailed excel spreadsheet
that contains the data for each question answered, and their corresponding score, as well as
references for each question answered. A minimum of 10 out of the 49 questions must be answered
in order for the estimated score to be deemed legitimate (Gordon et al., 2010). I was able to answer
at least 10 questions for all plants not scored by the HPWRA, allowing me to provide an estimated
score for the remaining species. Additionally, the catalog of invasive plant species at Papahana
Kuaola were organized according to their HPWRA score.

Table 1. Scores the Hawai‘i Pacific Weed Risk Assessment (HPWRA) assigns to various invasive plant
species in Hawai‘i and nearby areas. Low Risk: <1 , Medium Risk: 1-6, High Risk: >6. Values can increase

beyond 6 with no limit.

HPWRA Score Definition
<1 Low Risk
1-6 Medium Risk
>6 High Risk

Appropriate land management strategies for species that fall under the high risk category (with a
score of greater than 6) can be developed based on the score assigned by HPWRA because these
plants pose the greatest threat to disrupting operations at Papahana Kuaola.
Incipient Populations

Papahana Kuaola is concerned about incipient species; those that are in their initial stages

of invasion and have small population sizes. They can be further defined as invasive species that
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are documented to have potentially severe ecological impacts but have limited population
numbers. It is feasible for staff and volunteers to focus their eradication efforts on a small incipient
population before they become an uncontrollable issue. Focusing on these species first also helps
to guide management practices in an efficient manner. At Papahana Kuaola we have defined
incipient populations as high risk species that have a risk score of greater than 6 (assigned by the
HPWRA or independently scored by myself) but a cluster count of less than 5. Cluster count can
be defined as a group of invasive plants within a 10-meter diameter. Eradication of incipient
species should be prioritized by the smallest cluster size. Additionally, by focusing on a smaller
group of plants to remove, management plans and procedures are typically more cost efficient
because they do not have the need to address a large area of land (Myers et al. 2000). Therefore,
incipient species have been grouped into five stages, representing their cluster size.
Mapping

While performing the field survey each cluster is logged under its GPS coordinates so that
the staff can return to the site at a later date, therefore each cluster represents a roughly 10 m
perimeter from the center of the GPS point. These GPS coordinates were used to generate maps in
ArcMap of each risk category identified by the HPWRA, and to delineate areas of active
restoration at Papahana Kuaola. Additionally, maps of each species were created for the invasive
species catalog. Mapping the invasive plants helps to recognize any patterns indicating
introduction and spread of the plants that could assist with future land management planning. By
spatially locating various invasive plants, Papahana Kuaola will also be able to return to identified

sites to implement management strategies (e.g., eradication measures).
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Results

The primary output of this proposed study was the development of a catalog of non-native
invasive plant species on Papahana Kuaola’s property which contains photographs, names,
descriptions, and appropriate management recommendations for high risk species (See Appendix
2). All species have accompanying distribution maps for eradication purposes. In addition,
composite maps of each risk group were created to offer a snapshot of risk distribution across their
property.
Risk Distribution and Spatial Patterns

This study identified both the diversity of invasive species present on site at Papahana
Kuaola and the magnitude of invasive plant clusters. Overall, 61 unique invasive species were
identified (Table 2). Species count can be defined as the number of unique invasive species,
whereas cluster count, in Table 2 and Table 3 can be defined as the number of clusters of all species
identified.
Table 2. Species and cluster count across the three identified risk groups at Papahana Kuaola. The
risk groups are determined by the HPWRA (Hawai‘i Pacific Weed Risk Assessment) rankings and

through independent scoring.

Risk Distribution In Species Count and Clusters

Low Risk Medium Risk High Risk
Species Count 5 7 49
Cluster Count 50 40 1014

Table 3. Risk distribution of identified invasive species comparatively across the lo‘i and riparian
survey zones. Risk groups have been identified through HPWRA (Hawai‘i Pacific Weed Risk

Assessment) rankings and individual assessments.
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Risk Distribution in Lo‘i Zone vs. Riparian Zone

Lo‘i Zone Riparian Zone
Low Medium High Low Medium High
Species 5 3 32 4 5 36
Clusters 24 22 493 26 18 521

Figure 3. Distribution of low risk species at Papahana Kuaola. Scores range from -4 to 0.

There were a total of 1104 individual plant clusters assessed at Papahana Kuaola (which
corresponds roughly to a 10 meter perimeter around the GPS point). 80.6% of invasive plants are
high risk invasive species (Table 2). Medium risk species accounted for 11.3% of non-native
invasives while low risk species accounted for 8.1% of invasive plants within the survey zone

(Table 2).
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Low risk invasive species are present in both the riparian and lo‘i zones (Figure 3). All of
the low risk invasive species were found in the riparian zone along the He‘eia stream, while 4 out
of the 5 low risk species have been found in the lo‘i kalo zone. Although a majority of low risk
plants have been found in both survey zones, certain species appear more commonly in the riparian
area along the stream: including Heliconia caribaea (red lobster claws) and Strelitzia reginae (Bird
of paradise). Saccharum officinarum (kO, sugarcane) is found equally within the riparian and lo‘i
zones. While Cocos nucifera (niu, coconut) and Musa balbisiana (mai‘a, banana) were found
almost exclusively within the lo‘i kalo zones. Some species throughout the zones may be present
due to previous cultivation. However, it is still important to include them in the identification,
catalog, and mapping, because these plants have have spread to unintended areas or Papahana
Kuaola may want a map of these species in ordder to return to the site for future planting and

harvesting.

Figure 4. Distribution of Medium Risk species at Papahana Kuaola. Scores range from 1-6.
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There are a total of seven medium risk species identified at Papahana Kuaola, with 54%
of clusters in the lo‘i kalo zone and 46% of clusters in the riparian zone (Figure 4). Four species
were found entirely in the riparian zone, including Azolla filiculoides (Mosquito fern), Cirsium
oleraceum (pua kala, cabbage thistle), Prunus grisea (Rosaceae), and Cuphea subuligera
(Lavender cuphea). Calophyllum inophyllum (kamani, Alexandrian laurel) and Malva sylvestris
(High Mallow) currently are found solely in the lo‘i kalo survey area, and Stachytarpheta

urticifolia (ha‘uoi, vervain) is found in both regions.

Figure 5. Distribution of High Risk species at Papahana Kuaola. Scores range from 7-28.

65.3% of high risk species are present in the lo‘i kalo zone and 73.5% of high risk species
are present in the riparian zone (Figure 5). While they are dominant across both survey areas there
is an elevated number of clusters and species in the riparian zone compared to the lo‘i kalo zone

(see Table 2 and Table 3). Because high risk invasive species are overwhelmingly prominent on
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site, it is crucial to identify incipient species so that Papahana Kuaola has the proper information
on how to manage their site.

Incipient Populations

Table 4. Identified incipient species at Papahana Kuaola. All invasive plants here have a risk score
of greater than 6 and a species count of 5 or less. Stage 1 cluster count = 1. Stage 2 cluster count

= 2. Stage 3 cluster count = 3. Stage 4 cluster count = 4. Stage 5 cluster count = 5.

Incipient Species at Papahana Kuaola

Stage 1 Schoenoplectus californicus, Adiantum raddianum, Dysphania ambrosioides,
Plantago major

Stage 2 Bambusa vulgaris, Momordica charantia, Amaranthus viridis, Heterotis
rotundifolia

Stage 3 Lemna minor, Eremochloa ophiuroides, Heliconia psittacorum, Solanum torvum

Stage 4 Trema orientalis, Alocasia cucullata

Stage 5 Desmodium incanum, Emilia sonchifolia, Vachellia farnesiana, Setaria
palmifolia

16



Figure 6. The above figure shows the spatial distribution of incipient plant species at Papahana
Kuaola. Incipients were found in both the riparian and lo‘i kalo survey zones with slightly more
density in the riparian zone.

Eighteen high risk species at Papahana Kuaola have a cluster count of 5 or less. The first
stage includes four non-native invasive plants that have one cluster at Papahana Kuaola:
Schoenoplectus californicus (kaluha, California Bulrush), Adiantum raddianum (Delta Maidens
Hair Fern), Dysphania ambrosioides (Mexican Tea), and Plantago major (Greater Plantain).
Minimizing the spread of these non-native invasive plants will be crucial to creating more space
for native species. The second priority of incipient species for eradication will include: Bambusa
vulgaris (‘ohe, bamboo), Momordica charantia (bitter melon), Amaranthus viridis (pakai, slender
amaranth), and Heterotis rotundifolia (Spanish Shawl). The third priority of incipient species are
Lemna minor (duckweed), Eremochloa ophiuroides (Centipede grass), Heliconia psittacorum

(Lobster claws), and Solanum torvum (turkey berry). The fourth priority includes Trema orientalis
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(Gunpowder tree) and Alocasia cucullata (Giant taro). The final priority of incipient species are
Desmodium incanum (ka‘imi, creeping beggarweed), Emilia sonchifolia (pualele, Lilac
tasselflower), Vachellia farnesiana (kolu, Sweet acacia), and Setaria palmifolia (Palm grass).
Figure 6 shows the spatial distribution of incipient populations at Papahana Kuaola. They were
found across both survey zones, with more density in the riparian zone. There were few to none
incipient species at the top of the lo‘i kalo zone.

Discussion and Interpretation

By identifying the incipient populations on site at Papahana Kuaola this study can help to
reduce the use of herbicides for eradication. Those incipient high risk invasive species have such
small population sizes that they are more likely to be removed through manual weeding. These
incipient populations have been noted in the invasive species catalog and have a brief section of
their own dedicated to proper management procedures and recommendations for each individual
species (See Appendix 2). It is vital when pulling each of the invasive to ensure that the root system
is also eradicated otherwise the plant could continue to establish itself.

Prioritizing incipient plants for eradication provides numerous benefits. First, due to
smaller population size the dependency on chemical eradication can be reduced. Second, by
focusing attention on incipient plants, Papahana Kuaola will be able to eradicate these species
quickly and will thus be able to create and dedicate space for the rehabilitation of native plants.
Lastly, if swift eradication of incipient species is successful Papahana Kuaola will be able to
dedicate time to more widespread high risk plants.

A large portion of this project was dedicated to independently scoring invasive plants on
site that have yet to be ranked by the HPWRA. By scoring and documenting this data I have

provided new information on these invasive species in Hawai‘i. The data produced on the 17 newly
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scored invasive species will be given to the HPWRA and the Hawai‘i Invasive Species Council
(HISC) for further research and scoring.

The invasive species catalog and supplementary maps will contribute to an increased
awareness of existing invasive plant species, their threat level, and management recommendations.
These two products will offer the staff and visitors a snapshot of the property and status of existing
species. The catalog and map will also serve as educational tools for visitors, school groups, and
staff. From the catalog, Papahana Kuaola staff could create a curriculum based on existing plant
species and management strategies (See Appendix 2). Curriculums could include invasive plant
identification, biological control, and impacts of invasive species. Second, the information
generated will assist Papahana Kuaola to identify priority areas for invasive plant control. Third,
as a result of the eradication of invasive plant species, there will be a greater opportunity for native
and culturally important plants to reestablish and be restored. This would have a direct impact on
volunteer experiences through the ability to maintain and care for these species. Being able to
cultivate these plants and crops will support Papahana Kuaola’s mission statement of creating
educational programs that are grounded in Hawaiian knowledge and culture. With the presence of
more native species the organization will be able to create programs focused on topics such as
la‘au lapa‘au (traditional medicine), malama ‘aina (care for the land), and aloha ‘aina (love of the
land).

Conclusion

Invasive species are a major threat to Native Hawaiian ecosystems and cultural practices.
The first step in determining management plans for invasive and native species is to identify which
invasives are posing a significant threat to the ecosystem. After identification it is crucial to

prioritize them for management and eradication. At Papahana Kuaola we did this through
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identifying incipient populations. By addressing these species it is feasible for staff on site to fully
eradicate them. At Papahana Kuaola, and other sites where food is being cultivated, it is also
important to consider the method of eradication. Using herbicides and other chemicals are effective
in eradicating many invasive species, but they could also contaminate the soil, plants, and water
sources of the site. Another added benefit of prioritizing removal of invasives to incipient
populations is that the use of herbicides may not be needed. Incipient populations will have a
smaller species count, making manual weed pulling and root removal an effective strategy for
eradication. When devising a management plan in an invasive species dominant area, it is
important to ensure that eradication strategies do not impede the land use and cultural goal, to
identify and eradicate incipient species before they pose major threats, and to work with the site to

confirm that one’s study is contributing the goals of the site.
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Number Question

1 Is the species highly domesticated?

Has the species become naturalized
2 where grown?

3 Does the species have weedy races?

Species suited to tropical or
subtropical
4 climates?

5 Quality of climate match data

Broad climate suitability
6 (environmental versatility)

Native or naturalized in regions with
7 tropical or subtropical climates

Does the species have a history of
repeated introductions outside its
8 natural range?

9 Naturalized beyond native range

10 Garden/amenity/disturbance weed

Agricultural/forestry/horticultural
11 weed

12 Environmental weed

13 Congeneric weed

14 Produces spines, thorns, or burrs
15 Allelopathic

16 Parasitic

17 Unpalatable to grazing animals

18 Toxic to animals

Host for recognized pests and
19 pathogens

Causes allergies or is otherwise toxic
20 to humans

Appendix 1: Hawai‘i Pacific Weed Risk Assessment Survey Questions and Scoring

Response

(Y/N)

Score system Score Sources

y=-3, n=0

y=1,n=-1
y=1,n=-1

low=0,
intermediate=1,
high=2

low=0,
intermediate=1,
high=2

y=1, n=0

y=1, n=0

y=-2, ?=-1, n=0
y=2, n=0

y=2, n=0

y=4, n=0
y=4, n=0
y=2, n=0
y=1, n=0
y=1, n=0
y=1, n=0
y=1, n=-1

y=1, n=0

y=1, n=0

y=1, n=0

Notes
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Creates a fire hazard in natural
21 ecosystems

Is a shade tolerant plant at some
22 stage of its life cycle

Tolerates a wide range of soil
23 conditions (or limestone conditions)

Climbing or smothering growth
24 habit

25 Forms dense thickets

26 Aquatic

27 Grass

28 Nitrogen fixing woody plant

29 Geophyte

Evidence of substantial reproductive
30 failure in native habitat

31 Produces viable seed
32 Hybridizes naturally
33 Self-compatible or apomictic

34 Require specialist pollinators

Reproduction by vegetative
35 fragmentation

36 Minimum generative time (years)

Propagules likely to be dispersed
unintentionally (plants growing
37 heavily trafficked areas)

Propagules dispersed intentionally
by
38 people

Propagules likely to disperse as a
39 produce contaminant

Propagules adapted to wind
40 dispersal

41 Propagules water dispersed

42 Propagules bird dispersed

y=1, n=0

y=1, n=0

y=1, n=0

y=1, n=0
y=1, n=0
y=5, n=0
y=1, n=0
y=1, n=0

y=1, n=0

y=1, n=0
y=1, n=-1
y=1, n=-1
y=1, n=-1
y=1, n=0
y=1, n=-1
lyear=1,

2-3years=0,
d+years=-1

y=1, n=-1

y=1, n=-1

y=1, n=-1

y=1, n=-1
y=1, n=-1

y=1, n=-1

25



TOTAL
SCORE

Propagules dispersed by other
43 animals y=1, n=-1

Propagules survive passage through
44 the gut y=1, n=-1

45 Prolific seed production (>1000/m2) y=1, n=-1

Evidence that a persistent propagule

46 bank is formed (>1yr) y=1, n=-1
47 Well controlled by herbicides y=-1,n=1
Tolerates, or benefits from,
mutilation,
48 cultivation, or fire y=1, n=-1

Effective natural enemies present
49 locally y=-1,n=1
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Appendix 2. Invasive Species Catalog developed for Papahana Kuaola by Chrislyn DeMattos
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Risk Groups

Invasive species at Papahana Kuaola have been divided into 3 risk
groups. This risk groups are based on the Hawai‘i Pacific Weed Risk
Assessment Ranking (HWPRA). The HPWRA assigns a score to potential
and arrived invasive plants scoring and ranking their “invasiveness” or
how likely they are cause harm to the environment around them. These
scores are based on different attributes, such as: growth, seed dispersal
method, environment, response to herbicides, and nitrogen fixation.

HPWRA Score HPWRA Risk Group
<1 Low Risk
1-6 Medium Risk
>6 High Risk

61 unique invasive species have been identified at Papahana Kuaola. 17
of which have not been assessed by the HPWRA. For these species, |
independently scored them using the same rubric to calculate and
estimated score.

The species assessments, beginning on page 6, are organized according
to their estimated risk score. Beginning with the highest risk plants

with the largest scores, going to the lowest risk plants.

Scores ranged from -4 (low risk) to 28 (high risk)
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