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ABSTRACT

Marine ecosystems provide essential services to coastal residents, particularly for indigenous fishing communities
that have strong ties to the environment and obtain multiple benefits from their use and management of ocean
spaces. However, understanding of how these are impacted by fisheries, external pressures, and ocean man-
agement, remains limited due to a focus on economic valuation and aggregated metrics. This study explores the
importance of select marine ecosystem services to the wellbeing of an indigenous community in West Hawai'i and
the observed impacts on these ecosystem services by commercial and subsistence fishing. We used a mixed-
methods approach that combined a workshop with an online survey of community perceptions regarding
community important marine resources and cultural values. We find that both fish and non-fish species are
important to all four well-being categories, including food security, culture, mental wellbeing, and income,
though the least importance was given to the economic value. This study also found that commercial fishing is
perceived to have a higher negative impact on marine resources and cultural values than subsistence fishing, but
a generally lower impact on non-fish than fish species. The lack of community input into legislation development
and a lack of enforcement capacity were perceived to aggravate these further, whereas the integration of place-
based knowledge, values and rules of the environment was seen as beneficial to both marine and cultural
ecosystem services. Overall, this study shows that non-economic and disaggregated valuation approaches are
critical for revealing the variable ecosystem services that marine environments provide to local communities and
the importance of more inclusive resource management approaches to manage impacts on these services.

1. Introduction

fish, firewood) that are typically more tangible, and cultural services (e.
g., tourism, spiritual benefits) (Martinetto et al., 2020; Millenium

Oceans and coastal areas provide diverse ecosystem services that are
important to a wide variety of stakeholder groups and improve the
overall quality of human well-being in coastal communities
(Chakraborty et al., 2020). Ecosystem services are defined in the Mil-
lenium Ecosystem Assessment (2005) as “benefits that people obtain
from ecosystems.” These services include supporting (e.g., nutrient
cycling) and regulating ecosystem services (e.g., coastal protection,
climate regulations), as well as provisioning ecosystem services (e.g,
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Ecosystem Assessment, 2005). Coral reefs are a classic example of an
ocean ecosystem that provides multiple ecosystem services. For
example, reefs providing regulating and supporting ecosystem services
including fish nurseries, building materials, sand generation, and
nutrient processing (Albert et al., 2015; Archer et al., 2017; Perry et al.,
2015). Additionally, coral reef ecosystem services include fish, coral,
and non-coral invertebrates that provide food security in the form of
vital nutrition to coastal communities as well as diverse livelihood
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opportunities, including aquarium and curio trade (Woodhead et al.,
2019). Coral reefs and the wide variety of fish and non-fish species that
inhabit these reefs further provide a range of recreation and tourism
services that are of great economic value to local economies. The eco-
nomic value of tourism and recreation for Hawaii’s coral reefs in 2007,
for example, was US$356 million annually (Brander and van Beukering,
2013). Finally, coral reefs provide another important but relatively
overlooked ecosystem service, namely, cultural benefits (Martin et al.,
2016). Collectively, the ecosystem services provided by coral reefs
contribute to multiple aspects of human well-being, defined as a state of
being of people and the environment, when human needs are met, such
that they can act meaningfully to pursue their goals, and they enjoy a
satisfactory quality of life (Chakraborty et al., 2020; Leong et al., 2019;
Skewes et al., 2016). Human well-being can be described using four
broad indicators: income, health, food security, and culture all of which
contribute to the overall well-being of coastal communities (Skewes
et al., 2016)Despite the intrinsic importance of the concept of human
well-being to ecosystem services, the contribution of diverse ecosystem
services to distinct well-being aspects of local communities is not well
understood to date, particularly in indigenous contexts.

Cultural ecosystem services from ocean and marine ecosystems are
important to the well-being of indigenous coastal communities, though
local-scale understanding of the impacts to communities due to the
degradation of these services is not well understood. In the Pacific,
cultural ecosystem services have been shown to play an important role
in, for example, adaptation decisions by coastal communities (Narayan
et al., 2020). Due to the importance of ecosystem services to local
communities’ well-being, changes in the availability of these services
can affect different components of well-being (Millenium Ecosystem
Assessment, 2005) and the degradation of these ecosystem services can
cause significant harm to human well-being. Around 60 % of global
marine ecosystems have been degraded and are under pressure due to
anthropogenic and natural drivers of change (Buonocore et al., 2021;
UNEP, 2011). Coral reefs have been reduced by 20 % and of the
remaining reefs around 20 % are degraded (Buonocore et al., 2021; I0C/
UNESCO et al., 2011). Local stressors to marine ecosystems include
tourism, overfishing, illegal fishing, destructive fishing methods,
pollution, and sedimentation (Buonocore et al., 2021; Weng et al.,
2023). Climate change and specifically the warming of the ocean surface
and ocean acidification also reduce the corals’ resilience (Bahr et al.,
2015). This is important since indigenous coastal communities are
highly dependent on coastal fisheries (Sulu et al., 2015). However, little
is understood about how impacts on ecosystem services from different
ocean uses might affect the wellbeing of local indigenous communities,
especially cultural services that are difficult to quantify economically.

Varied, and often intangible, cultural ecosystem services pose a
challenge with regard to understanding the impacts of changes to the
availability of these services on human well-being, especially at highly
local scales. Ecosystem services are often assessed economically via
diverse economic tools to measure the monetary values associated with
their benefits (Hirons et al., 2016). While cultural ecosystem services are
challenging to quantify in monetary values, there have been recent ef-
forts to include cultural services in valuation assessments, though with a
bias towards those services for which monetary values or sufficient
proxies may be evaluated, such as recreation, tourism, and aesthetic
values. However, cultural ecosystem services such as physical health
and spirituality are central to human well-being, particularly in indig-
enous communities, in both tangible and intangible ways. Efforts to
assign monetary values to these services do not therefore capture their
contribution to human well-being adequately (Hirons et al., 2016).
Furthermore, cultural ecosystem services, like other ecosystem services
can vary depending on the specific aspect of the ecosystem being
assessed, for example, reef fish species that provide food security versus
fish species perceived as valuable for tourism. Assessments of these
services are often not assessed in detail but pooled into a category such
as ‘impact on culture’ or all fish combined, or focusing on select
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grouping such as cultural keystone species (Garibaldi and Turner, 2004).
There is a knowledge gap on granular, detailed assessments of the
myriad benefits and values that constitutes culture, or of the specific
value of different reef fish species, which can have varying importance
for an indigenous community (Liquete et al., 2013). This gap in
knowledge of how changes to specific and varied cultural ecosystem
services impact human well-being can hinder our understanding of the
impacts of ecosystem service degradation on the well-being of indige-
nous fishing communities.

This work aims to shed light on the importance of various ecosystem
services, including cultural ones, for indigenous fishing communities
and identify how existing pressures may impact these ecosystem services
at the local scale. We conduct this study in, and with, a coastal com-
munity on the West coast of Hawai‘i. We use a mixed methods approach
to identify what kind of ecosystem services are important to indigenous
community members and how these services contribute to four well-
being categories: food security, economic income, mental well-being,
and cultural practices (Skewes et al., 2016). In addition, we explore
community’s perception on how these ecosystem services are impacted
by marine users, including commercial and subsistence fishing, which is
rarely investigated. This information is vital for fostering the integration
of indigenous people’s values and concerns in coral reef, conservation
and ocean management decisions and to improve our understanding of
how different ecosystem services contribute to different aspects of well-
being in indigenous fishing communities.

2. Methods
2.1. Study site

Our work was conducted in a small fishing community, Ho’okena,
located on the leeward, West side of Hawai’i Island Fig. 1. Ho’okena
village is one of the last Hawaiian communities to use outrigger canoes
to traditionally fish for mackerel scad (Decapterus species) commonly
known as 'opelu in Hawaiian. Ho’okena community members engage in
both subsistence and commercial fishing in the nearshore and offshore
waters within the Ho’okena ahupua’a (subdivision of land). Ho’okena
waters contain shallow coves (Norris and Dohl, 1979) and are managed
by state and federal agencies such as the Department of Land and Nat-
ural Resources (DLNR) and the National Oceanic Atmospheric Admin-
istration (NOAA), under two types of management structures. The first is
the Ho’okena Fish Replenishment Area (FRA), one of nine FRAs on West
Hawai’i which, in total, comprise 35 % of the West Hawaiian coastline.
These FRAs delineate ocean spaces where all forms of harvest for the
aquarium trade are prohibited (Walsh, 2015).

2.2. Data collection

We used a mixed methods approach to assess the importance of
ecosystem goods and services (EGS) to indigenous community members
and how these services are impacted by multiple local and global pres-
sures and management actions. The population of this indigenous
community in 2022 was 52, of which only 17 % identified as Native
Hawaiian and Other Pacific Islander. Given the small population, mul-
tiple attempts were made to recruit as many participants as possible,
through the dissemination of survey forms through community elders,
and addressing community elder gatherings.

We first conducted a workshop in June 2022 with nine local com-
munity members, including a mix of fishers and non-fishing community
members that are part of fishing families. Participants were selected
using a purposive sampling approach based on the recommendation of
community elders. In this workshop, we asked participants why the
marine environment in Ho’okena is important to them. We coded an-
swers into different types of ecosystem services. During this process, we
included as participants, members of the native Hawaiian community of
Ho‘okena who currently live in nearby native Hawaiian communities
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Fig. 1. Two fisheries management strategies in Ho’okena: the Fisheries Replenishment Area (FRA) in red and West Hawai'i Fisheries Management Area in yellow.

but have been users of these waters either presently or in the past.

Results from the workshop were then used to develop an online
survey instrument. Survey questions and forms were iteratively revised
based on feedback from community elders. We then used purposive
sampling approaches to target native Hawaiian community members of
Ho’okena through dissemination of links to Qualtrics survey forms via
community elder, and also through the West Hawaii Fisheries Council
listserv. The survey instrument was also distributed during two com-
munity gatherings in June 2022 and June 2023.

A total of 22 respondents completed the survey of which 55 % (n =
12) were male, 32 % (n = 7) were female, and three preferred not to
state their gender. Seventeen (77 % of respondents) primarily fished in
Ho’okena waters, four (18 %) fished in other waters, while one does not
engage in fishing.

Questions included a mix of multiple-choice with Likert-scaled re-
sponses, and several open-ended questions (Table 1).

This first section covered questions on the importance of each marine
resource to Ho’okena community in terms of (a) food security, (b) in-
come, (c) culture, and (d) mental well-being. Marine resource list and
categories were based on local fishermen’s knowledge which prioritized
community important indicators. Hawaiian marine resource names
together with its scientific and English common names can be seen in
Appendix 1. Responses on the importance of each marine resource were
on a Likert scale from 1 (Not important at all) to 5 (Very important).
Food security was loosely defined as access to sufficient, safe, and
nutritious food that meets dietary needs and food preferences. Culture
was defined as traditional practices and ceremonies whereas mental
well-being was in the context of emotional health and well-being. Cat-
egorical percentage importance is based on the number of respondents
(of the total surveyed) who ranked a particular marine resource as
“Important” or “Very important”. For example, 100 % importance of
pelagic fish for food security means that all respondents rated pelagic
fish as important or very important“ for food security. Cumulative per-
centage is not calculated but visualized as the combined ‘categorical

Table 1
The four sections and measures used in the online survey forms.
Section Question Measurement
Human well- Importance of marine 5-point Likert scale from 1 =
being resources for (a) Food security, = Not important at all to 5 =
(b) income, (c) culture, and (d) Very important.
mental well-being (Skewes
et al., 2016)
Impacts Impact of Subsistence fishing, Binary: 1 = impact, 0 = no
and Commercial fishing on impact
marine resources
Management Anthropogenic impacts on Likert scale: —1 (Decrease),
pressures marine resources and cultural 0 (No change), to +1
values (Increase), or Don’t know.
Concerns Feeling restricted in ocean use 5- point Likert scale from 1 =

in Ho’okena?

Stakeholder issues on ocean
use

Observed stakeholder conflicts
on ocean use

Not at all to 5 = Very
restricted with an open-ended
option for explanations.

Yes (please describe) or No.

Yes (please describe) or No.

percentage importance’ for all four metrics (food security, culture,
mental wellbeing, and income) for each of the marine resource. Higher
cumulative percentages (longer bars) in Fig. 3a implies high importance
of that marine resource across the metrics being assessed to the Ho’o-
kena community. What followed were questions regarding the personal
views of respondents’ perceptions regarding the impact of subsistence,
and commercial fishing pressure on each marine resource.

This second section looked at the importance of cultural values in
terms of (a) traditional practices and ceremonies, plus (b) mental well-
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being. Responses were on a Likert scale from 1 (Not important at all) to 5
(Very important). Like the previous section, respondents were asked
about the impacts of subsistence, and commercial fishing pressure, but
this time, on the Hawaiian values which emerged from the intangible
benefits identified in the 2022 community workshop (Fig. 2). Similar
categorical, and cumulative percentages, were calculated and graphed
for cultural values in Fig. 3d.

The third section is an assessment of the perceived individual im-
pacts of management actions and pressures where respondents choose if
it caused a decrease, increase, or no change in (a) marine resources, and
(b) cultural values, respectively. The blurred distinctions in ecosystem
services definition between benefits and services, tangible and intan-
gible highlighted in La Notte et al. (2017) and Boerema et al. (2017) plus
the interchangeable use of these terms can cause confusion. As such, we
have opted to only use ‘marine resources’ and ‘cultural values’ when
presenting the results, and only refer back to ecosystem services in the
Discussion section.

Finally, respondents were asked if they felt restricted in their use of
Ho’okena waters and explain why. Answers were thematically
condensed into a narrative summary (Maxwell, 2013) according to the
management actions and pressures identified in the third section.

We accessed, analyzed and visualized Qualtrics data in Microsoft
Excel and R version 4.3.1 (R Core Team, 2023) using the qualtRics, likert
and tidyverse packages.
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3. Results

As the last Hawaiian village that still uses traditional outrigger ca-
noes known as wa’a to fish, the Ho’okena community is highly reliant on
the ocean and its resources. In the workshop, community members listed
both tangible (Fig. 2) and non-tangible benefits and services that they
derive from the ocean. These benefits were categorized into eight broad
themes (Fig. 3). Tangible benefits included fishes from pelagic and
coastal waters plus other marine resources such as seaweed and corals
(Fig. 2). Non-tangible benefits included traditional practices of fishing
and traditional canoe use which are passed down from kupuna (elders
and ancestors) and are being perpetuated as part of preserving ties and
identity to ‘aina (land) and ocean as a way of life (Fig. 2). This also
included harvesting only what a family needs for direct consumption to
ensure future harvests for all so that no one faces food shortage. How-
ever, these are affected by increased access (permission and ability to
fish) resulting in increased harvest and disrespect for Hawaiian values
and ways of fishing by others including external fishers. These in turn
affect the community’s kuleana (responsibilities) to holistically malama
(take care of) the place (environment) and people thereby making the
goal of ensuring abundant, healthy resources that meets community’s
needs difficult to achieve.

3.1. Importance of marine resources and cultural values

Respondents expressed variable individual and cumulative
Pelagic fish Reef fish ‘
" 2 ‘opelu (mackerel scad); aku (skipjack 2 Manini (convict tang); kole (surgeonfish); paku‘iku’i (surgeonfish); u’u or menpachi
h= tuna); ahi (tuna); ono (wahoo); (soldierfish); moi (threadfin); uhu (parrotfish); aholehole (Hawaiian flagtail);
% Kawale‘a (barracuda) upapalu (cardinalfish); aweoweo (Hawaiian bigeye)
-1
2
% Benthic resources Invertebrates ‘
=
[ < Limu (seaweed); < Slipper lobster; wana (sea urchin); opihi (limpet); he’e/tako (octopus);
healthy coral kona crab; pipipi (snail)
Traditional practices Identity Stewardship ’
< “Perpetuate traditional practice 2 “Identity and ties to ‘a@ina 2 “Cultural practitioners. Lineal
including wa'a (canoe)” 2 "Everything in the ocean is our way of descendants. We were taught to
< “traditional fishing practices” life” malama. To hanai. We get different
<"l was raised by the ocean and don't kuleana”
) ‘ want to have Ho'okena beach be taken, 2 “One is sustenance for the people of
" Education away from my family” Ho'okena which is the piha that you
:F; < “Education from our kupuna on how to gottaA enjoy.lThat's your kuAIeana._
5 malama our kahakai in the right way, Social relations Allowing Ho (Iayk_ena, Wh'Ch_ Is again,
g by only taking what you need.” aloha for our ‘@ina, which is our.lovc.e
= 2’If they hurt, | hurt” for the place. Then the other thing is,
gw - . 2 “I'm going to have to check in with the §|'|0W|n9 Ho'okena to malama their
8 reserve ocean for future generations ‘ people of the place to ask for ‘aina - take care of their place. And
e i o ermission if | want to take anything. allowing Ho'okena to restore ‘aina
° Hovokena a'\r'md Miloli'i have the same Tphat is something that is lost A momonga - which is the abundance of
fishing families who have the same . their place”
mana®, The same way of thinking, We N nowadays. That we all learnt as kids! .
live our life on the ocean and by the < Nowie gormoig BEoRIetaming,
; y disrespecting our way of fishing”
teachings of our kupuna. To take only P 9 Y 9
what we need. Not to take all and put
on Facebook cause we always try to Honor kupuna (ancestors/elders) Enjoyment
save for tomorrow”
2 “To honor the mana‘o of kupuna by 2 “Allow people of Ho'okena to enjoy the
perpetuating the cultural practices” ono of their ocean”

Fig. 2. Tangible benefits identified by community members (English and scientific names are detailed in Appendix 1) plus list of intangible cultural values related to
ocean use elicited from Ho’okena community members in the June 2022 workshop.
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Fig. 3. Categorical and cumulative percentage of respondents ranking (a) marine resources and (d) cultural values as Important and Very important in terms of food
security, culture, mental wellbeing, and income. Greyed bar charts (b-c, e-f) are the percentage of respondents’ views on perceived impacts of the different fishing

types on each marine resource and cultural value, respectively.

importance for the marine resources in the four human wellbeing cat-
egories being assessed with all resources being ranked highly for food
security, culture and mental wellbeing but less so for income (Fig. 3a).
Marine resources with the highest cumulative importance of close to
400 % included pelagic fishes and ‘opelu (Mackerel scad), plus the limu
(seaweed) and opihi (limpet) for non-fishes (Fig. 3a). Conversely, the
lowest cumulative importance was for parrotfish and snails which
ranked low in most of the categories, especially for income. On the other
hand, most respondents ranked all resources (Fig. 3a) as highly impor-
tant for food security (70-100 % of respondents), culture (70-95 %), and
mental well-being (80-100 %). Pelagic fish species and 'opelu were
ranked more often than other resources for their economic importance,
at 65 % and 55 % respectively. Across the four wellbeing categories, the
economic importance of marine resources was ranked the lowest.

The importance of cultural values to Hawaiian culture and mental
wellbeing in Fig. 3d were relatively similar with all respondents being
unanimous in mentioning the high importance for three values: (i)
stewardship role, (ii) preserving Ho’okena for future generations, and
(iii) ties to ‘aina/land.

3.2. Fishing impacts on marine resources and cultural values

Fig. 3 shows that both commercial and subsistence fishing were
perceived by the Ho’okena community to have a negative but varying
level of impact on marine resources and the cultural values. Further-
more, a majority (57-86 %) of the respondents perceived commercial
fishing to more negatively impact the fish than the non-fishes (Fig. 3b).
Ecosystem services with the highest cumulative importance for pelagic
fish and ‘Opelu to the community in terms of food, culture, mental
wellbeing and income were the ones highly impacted by commercial

fishing (Fig. 3a and b). Exceptions to the low commercial fishing impact
on non-fishes were the opihi (limpet) and the crustaceans. Conversely,
subsistence fishing impacts were generally found to have a lower impact
(29-57 %) on marine resources except for opihi and crustaceans. On the
other hand, corals and snails were perceived to be the least impacted by
commercial fishing. Overall, our findings show that most marine re-
sources were considered most important for the four human wellbeing
metrics and that select resources such as ‘Opelu, opihi, crustaceans,
pelagic fish and akule were perceived to be highly affected by fishing
activities, although the main source of impact was slightly different.
Fig. 3d-f shows that all cultural values were deemed important for
culture and mental wellbeing and were perceived to be generally
impacted more by commercial (55-90 %) than subsistence fishing
(30-55 %). The top three cultural values (25 % for each metric in the
normalized Fig. 3d chart) that all community informants agreed on to be
highly important were (1) stewardship role, (2) preserving Ho’okena for
future generations, and (3) ties to ‘aina/land. Other cultural values were
also important but slightly less so than others. Similar to the marine
resources, the impacts of fishing on the cultural values was generally
higher for commercial (55-90 %) than subsistence fishing (30-55 %).

3.2.1. Impacts of management on marine resources and cultural values
Except for fishery closures and marine conservation efforts, all other
management actions faced challenges that were seen as negatively
impacting both the marine resources and the cultural values (Fig. 4).
Non-compliance with formal regulations was the leading driver of
negative impacts on both marine resources (63 % of respondents) and
social and cultural benefits (65 %). Over 59 % of all respondents also
identified a lack of consideration of traditional indigenous norms in
terms of regulations, compliance, and enforcement, as key factors
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(b) Anthropogenic impact on social & cultural benefits
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Fig. 4. Divergent chart showing respondents’ perceptions of how different management challenges and actions (vertical category axis) influence anthropogenic
impacts on a) marine resources, and b) cultural values. Yellow bars indicate negative impacts, green bars indicate an increase, and grey bars indicate no change.

impacting the availability of marine resources and social and cultural
benefits. On the other hand, fishery closures and marine conservation
were identified by 82 % of respondents as having either no impact (35
%) or a positive impact (47 %) on marine resources. Notably, a higher
percent of respondents (33 %) identified fishery closures and conser-
vation as having a negative impact on social and cultural benefits
compared to 18 % for tangible marine resources.

3.3. Impacts on indigenous ocean use

Half of the respondents mentioned varying levels of feeling restricted
in their use of Ho’okena waters, from somewhat restricted (15 %),
restricted (25 %) to very restricted (15 %) — Fig. 5a. And 72 % mentioned
that they have concerns with the way other stakeholders (e.g., not from
the community) are using the ocean in Ho’okena (Fig. 5b).

The main reasons identified by the community as problematic were
non-compliance with existing regulations and not following traditional
harvesting practices (Table 2). Specifically, an elder and fisherman
stated that the use of non-vegetarian fish bait known as chop-chop is
against traditional practices in this area. Also frequently mentioned was
harvesting by outsiders who take away resources from local fishermen.
Community members mentioned that commercial fishing activities are
resulting in depleted stocks due to an influx of commercial fishers from
other districts and islands who harvest extensively in local fishing
grounds. A respondent noted the additional pressure from influx of users
which caused him to sacrifice fishing for months at a time so that others

80%

(a)

o2}
Q

45 %

Percentage of respondents
B
2

Somewhat restricted  Restricted

Levels of
feeling restricted (n=20)

Not at all

can feed their families and to ensure fish catch when he eventually goes.
Respondents also observed less fish and limu (seaweed) now than in the
past and noted that the increased influx of non-local people is affecting
their traditional canoe use and fishing practice.

4. Discussion

Marine ecosystem services have been extensively assessed using
economic methods. Non-economic values of these services are far less
understood and are often focused on pooled categories, thereby masking
and losing the influence and impacts of granular components particu-
larly for indigenous communities where non-economic services such as
cultural services are known to be important. (Chan et al., 2012; Daw
et al., 2011), In this study, we explore how indigenous community
members value the ocean, how diverse ecosystem services contribute to
the well-being of indigenous community members, and how marine uses
and management actions are affecting these ecosystem services.

Notably, our results show that economic benefits, which are often the
main metric to assess the value of ecosystem services, received the
lowest importance compared to other well-being categories. Community
members identified diverse ecosystem services as important for food
security, cultural heritage, and mental wellbeing including diverse
marine resources and cultural values. Similar to (Skewes et al., 2016),
our study found that pelagic fish was most important for income and also
for food security, culture and health. The benefits of fish species to
diverse aspects of community well-being, for example the importance to

80%

2% (b)
60%
40%

28 %
20%
0%

Very restricted Yes No

Concerned with other
stakeholders use (n=18)

Fig. 5. Communities levels of ‘feeling restricted in use of Ho’okena waters’ and ‘concern with other stakeholders use’.
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Table 2
Concerns raised regarding non-community stakeholders use of Ho’okena waters.

Issue Example quotes

Non-compliance o Aquarium fishing in closed area

o Fishermen using chop-chop (animal-based fish feed)

o Fishing all year round for 'opelu

o People not respecting traditional harvesting practices

o I have also heard stories of fishers not from the area insisting on
using fishing practices that are not considered pono by the
community of Ho’okena

Overharvesting e Outsiders coming to fish too near or close to shoreline taking
the lobsters, opihi and akule

e Kona crab commercial fishermen, big corporation seafood
harvesting

o Outsiders come and take our means of food to make a profit off
of. The ohana of Ho’okena use the ocean as a way of life. Our
main food resource comes from the ocean as well as our
mountain, and with the overwhelming amount of outsiders
coming and taking our ocean life is decreasing our ocean life in
Ho’okena

o People from different islands or districts coming here to take
fish, spearfish, deplete our stocks to sell in other places.

e Commercial fisherman who are not knowledgeable about the
area and who just come to take and do not give back to the
people of the local community. People who come to harvest with
no contribution whatsoever!!

e Due to so many families that move in, those who fish I feel
responsible to not overfish so others can fish to feed their family.
So I don’t fish for a months at a time so there is fish when I go.
Lack of o Fishermen not knowing the right way to fish
awareness

culture, can also be explained by the indigenous practice of gifting or
sharing of fish catch with relatives and friends (Seto et al., 2024;
Vaughan and Vitousek, 2013). Thus, assessing ecosystem services solely
based on monetary benefits would fail to account for the diverse well-
being benefits that these ecosystem services provide to indigenous
communities. Our findings support the assertion by Vaughan and
Vitousek (2013) that diverse assessments are needed to uncover the
benefits that indigenous people receive from the ocean beyond income.
These benefits seem foundational to indigenous peoples and local
communities (IPLCs) wellbeing for a variety of reasons, which should be
considered in policy discussions (De Valck et al., 2023; Higuchi, 2008).
Thus, assessing ecosystem services solely based on monetary benefits
would fail to account for the diverse wellbeing benefits that these
ecosystem services provide to indigenous communities.

The contribution of marine resources to multiple well-being cate-
gories, though, could be in conflict with each other as species that were
important for food, culture and wellbeing were also important for in-
come which could result in increased exploitation and conflict. A study
by Baker et al. (2020) in Hawai'i, for example, found that higher physical
and mental health was associated with higher fish consumption. Yet,
higher fish consumption could reduce fish availability for other purposes
resulting in conflicts. Thus, sustainable fishing practices that balance the
different values attached to fish resources are critical to ensure that one
value is not maximized to the detriment of another. This can be chal-
lenging as meeting the socioeconomic wellbeing of commercial fishers
means higher revenue from higher catch which negatively impacts the
socioeconomic wellbeing of indigenous communities who rely on a
thriving, intact socioecological system.

Community members further perceive commercial fishing as having
a greater impact than subsistence fishing on most fish species, but a
similar or lower impact on non-fish species with the exception of lobster
and opihi. This could be attributed to commercial fishers targeting fish
such as pelagic species which was reported to be Hawaii’s largest and
most vulnerable fisheries (Hospital and Leong, 2021). In Hawai'i, com-
mercial fishing of pelagic species accounted for over 70 % of catch with
crabs (a crustacean) comprising a large portion of non-fish catch
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(Friedlander and Parrish, 1997). The opihi limpet (Cellana species) was
found in this study to be one of two non-fish that are highly impacted by
commercial fishing for which three species are endemic to Hawai'i
(Morishige et al., 2018) and they are highly prized food to have during
cultural events (Rogers and Weisler, 2021).

We also found that commercial fishing was generally perceived to
have a higher negative impact on both the marine resources and the
cultural values, than subsistence fishing. This low subsistence fishing
impact on reef fish assemblage in communities using traditional harvest
approaches has been ecologically observed in the Marshall Islands by
Martin et al. (2017). However, for Hawaii’s nearshore reef fisheries, the
subsistence fish catch is five times that of commercial catch which
highlights its important contribution towards food security and culture
plus potential issues with under- and mis-reporting which requires im-
provements to data reporting and analysis (McCoy et al., 2018). The
cultural importance of high subsistence fish catch can also be explained
by the indigenous practice of gifting or sharing of fish catch with rela-
tives and friends (Seto et al., 2024; Vaughan and Vitousek, 2013). The
high subsistence fishing impact on marine resources has been reported
in Fiji (Kuster et al., 2005) and is increasingly being reported as nega-
tively impacting non-fish species in Pacific island countries (Dalzell,
1998). This can be challenging for resource management and policy
makers in places like Rapa Nui where subsistence fishing was not
captured as part of official landing statistics (Zylich et al., 2014).

Cultural values also seem to be affected by fishing activities, indi-
cating a potential failure to adequately account for cultural resources in
decision-making processes and fishery regulations. Exclusion of cultural
values such as indigenous worldviews, beliefs and values into manage-
ment plans and policy development (van Putten et al., 2013) can
potentially lead to a loss of cultural knowledge and practices, which in
turn might lead to further de-recognition and delegitimization of
indigenous peoples values in natural resource management. One option
for a better integration of cultural values in fishing management are
Community-Based Subsistence Fishing Areas (CBSFA) that emphasize
indigenous stewardship roles in fishery management (Hawaii Revised
Statutes (HRS), 2005; Higuchi, 2008; Winter et al., 2023).

Our study further highlights the importance of traditional practices
as part of cultural ecosystem services. These practices are associated
with generational learning and the vulnerability of these practices to
ocean use and management conflicts and this knowledge transmission
from elders to younger generations is critical for maintaining knowledge
about traditional practices (Daliri et al., 2023). However, some younger
members of indigenous communities are unaware of or disinterested in
sustainable, traditional fishing knowledge and practices which can
contribute to lack of compliance and respect (Anon, 2022). The impor-
tance of cultural ecosystem services might therefore vary among people
based on socio-demographics (Heck et al., 2022) and their pluralistic
values, priorities or concerns. This highlights the importance of not
treating stakeholder groups as homogenous and to elicit and consider
the diverse nature of stakeholders’ opinions in natural resource decision-
making processes to foster greater equity (Engen et al., 2021; Rasekhi
et al., 2023).

Respondents in this study highlighted a perceived lack of Hawaiian
community input into fisheries legislation development as contributing
to a decrease in marine resources, despite an increase in engagement of
communities in natural resource management and governance in
Hawai‘i (Vaughan et al., 2017; Winter et al., 2021; Winter et al., 2023).
It also highlights the fact that not all Hawaiian communities including
Ho’okena have gone through the State process of having their place-
based concerns, values and knowledge, influence fisheries legislations
in their communities’ waters. Potential reasons for this delay include
slow transition of resource management from ‘agency controlled’ to ‘co-
management’ (Winter et al., 2021) and the slow bureaucratic process
pace which is Honolulu centric (Rossiter and Levine, 2014). This likely
led to a devolution of management from State to island level (Rossiter
and Levine, 2014) through entities such as the West Hawai'i Fishery
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Management Council (WHFMC) meetings on Hawai'i Island in which
Ho’okena community elders and other stakeholders participate, thereby
ensuring a more collaborative natural resource management process.
This increasing inclusion is vital to making sure that resources are
accessible and available to local users as regulations without their input
seem to be not as effective in preventing a decline in local resources.
Community members in this study indicate that cultural values seem to
be equally affected by fishing as marine resources suggesting the need to
adequately account for cultural dimensions in decision-making pro-
cesses. Its exclusion prevents integration of locally relevant, indigenous
worldviews, beliefs and values into management plans and policy
development (van Putten et al., 2013) which can further de-recognize
and delegitimize indigenous peoples and their participation and subse-
quently, the loss of cultural knowledge and practices.

This study revealed the impact of lack of compliance with both
formal and informal rules on ocean ecosystem services. This finding
indicates that non-compliance might not only occur with formal but also
informal rules and regulations, especially in open-access fisheries where
indigenous values such as taking only what you need through self-
censorship (Frid et al., 2023; Quesnot et al., 2024) and only using
fishing practices that are considered pono (right) by the community are
not ascribed to by all resource users and are incompatible with national
and state regulatory processes.

The participants stated that changes in fishing gear also impacted
ecosystem services, an issue that has been identified in other fishing
communities around the world. The Ho’okena community in this study
opted to maintain traditional fishing canoes with smaller motorized
engines which is similar to Alaskan communities who opted to forego
developments such as access roads to ensure wildlife habitats and spe-
cies abundance are maintained (Salcido et al., 2023). However, this
could result in traditional methods of fishing being outcompeted by
more modern gear and vessels (Calhoun et al., 2020). For example,
Turkish community fishers identified several reasons for the decline in
quality, quantity and diversity of fish caught which included the change
from paddle boats to motorized ones (Rasekhi et al., 2023).

Half of the respondents from our survey felt restricted in their use of
Ho’okena waters in addition to 72 % being concerned about other
stakeholders’ uses. These stemmed from a variety of reasons surround-
ing lack of awareness and non-compliance with informal rules and
practices, which results in overharvesting (Table 2). Participants also
highlighted difficulties in sustaining informal norms in taking care of the
environment for current and future generations due to overharvesting as
a result of egocentric behavior from a lack of concern for others. These
behaviors were attributed to outsiders who disregard informal rules by
using chop-chop (animal-based fish feed) to attract and catch 'opelu
instead of the traditional vegetable-based feed (Kimura, 1976). Chop-
chop use has been observed to attract not only ‘opelu but also preda-
tors such as sharks which causes a feeding frenzy resulting in low catches
(Anon, 2022). Additionally, participant opinions showed that over-
harvesting occurs in open-access fisheries where indigenous self-
censorship values and informal rules such as taking only what you
need (Frid et al., 2023; Quesnot et al., 2024) and only using fishing
practices that are considered pono (right) by the community, are not
ascribed to by all resource users. Our results also indicate a perception of
outsiders as not knowing and/or having no respect for the place thereby
increasing extractive activities which subsequently affect local com-
munities livelihood (Dove et al., 2019). The opposition to outsiders, if
unmanaged, could become a barrier to their involvement in stakeholder
engagement and collaborative, holistic management (Cruz, 2021; Daliri
et al., 2023; Dove et al., 2019; Heck et al., 2011).

Due to the focus of this study on a local community, the sample size
of our study is quite small. Perceptions are thus based on a subset of
Ho’okena community members that are grounded in their observations
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and experiences. Future studies could explore how these perceptions
compare to indigenous fishers in other communities that might have
different cultural contexts. A larger sample size would also allow to
conduct statistical analysis that explores the influence of gender and
other socio-demographic variables on the importance of distinct
ecosystem services and their contribution to the well-being of indige-
nous fishing communities.

5. Conclusion

This research focused on select ‘marine resources’ and ‘cultural
values’ that were deemed important by the indigenous community in
West Hawaii and assessed impacts from a suite of ‘management actions’
and ‘pressures.’ The results revealed subtle differences in the importance
of each marine resource and cultural value, and differences in the im-
pacts of fishing typologies such as commercial and subsistence fishing.
This is indicative of differences in views, priorities and even the
knowledge of and extent of impacts. Such locally relevant information
would be useful in developing rules that are locale and marine resource
specific. This could greatly enhance community-State natural resource
management partnerships and approaches in Hawai'i potentially
resulting in greater support by the diverse stakeholder groups that rely
on Hawai'i waters. Furthermore, as this research was on a single indig-
enous community, it shows that indigenous communities are not
necessarily homogenous in their values, outlook, and concerns. Such
insights prove the utility of looking at constituent variables rather than
larger categories where the constituents show differences which would
otherwise be lost when pooled.
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Appendix 1. . Scientific and English common names for marine resources from workshop and survey
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Marine resource type Category Hawaiian name English Common name Scientific name
Fish Pelagic fish Ahi Yellowfin tuna Thunnus albacares
Aku Skipjack tuna Katsuwonus pelamis
Kawalea Heller’s Barracuda Sphyraena helleri
Ono Wahoo Acanthocybium solandri
‘opelu Mackerel Scad Decapterus macarellus
Akule Big eye Scad Selar crumenopthalmus
Reef fish Aholehole Hawaiian flagtail Kubhlia sandvicensis
> Aweoweo Hawaiian bigeye Priacanthus meeki
Kole Yellow-eyed surgeonfish Ctenochaetus strigosus
Manini Convict surgeonfish Acanthurus
triostegus sandvicensis
Menpachi Soldierfish Myripristis spp.
Moi Pacific threadfin Polydactylus
sexfilis
Paku‘iku‘i Achilles Tang (Surgeonfish) Acanthurus achilles
Uhu Parrotfish Scaridae family
Uu Soldierfish Mpyripristis berndti
Non-fish Crabs A’ama Hawaiian black crab Grapsus tenuicrustatus
Kona crab Spanner crab Ranina ranina
Snails Kupe’e Polished nerite Nerita polita
Pipipi Anchialine pool snail Neritilia hawaiiensis
Opihi Limpet Cellana spp.
Sea urchin Wana Long spined sea urchin Echinothrix diadema
Corals Corals Corals
Seaweed Limu Seaweed
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