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Executive Summary 

The development of a spatially-explicit Atlantis ecosystem model for the nearshore (0–400 m 
depth) ecosystems of the main Hawaiian Islands is an interdisciplinary effort by the following 
collaborators:  NOAA’s Pacific Islands Fisheries Science Center (PIFSC), the University of 
Hawaiʻi, the international Atlantis community, the NOAA Pacific Islands Regional Office 
(PIRO), the Hawaiʻi Division of Aquatic Resources (DAR), and the Western Pacific Regional 
Fishery Management Council (WPRFMC). The ultimate goal of the Atlantis ecosystem model 
development is to conduct management strategy evaluations of a range of management scenarios 
that would comply with the various mandates (e.g. Magnuson-Stevenson Act) and agency 
objectives towards implementing ecosystem-based fisheries management. 

As a first step in model development, we needed to identify policy-relevant and scientific-
relevant questions that can be addressed by the model outcomes. Based on those questions, we 
needed to ascertain that the spatial domain of the model has the correct boundaries (both 
horizontally and vertically) and that the key species (groups) are included. PIFSC hosted a first 
planning Atlantis workshop in January 2017 to meet the following goals (Weijerman 2017): 

1. Identify and prioritize research questions of interest  
2. Identify spatial geometry of model  
3. Identify functional species groups / species of ecological or economic interest. 

Management objectives and indicators to measure progress toward reaching objectives related to 
the biophysical realm are well established, however, objectives and indicators on the social 
science side of the equation are less well defined. To link the questions with the various 
mandates and agency/programs objectives related to human well-being and to identify indicators 
to measure progress, we hosted a second Atlantis workshop with the following goals: 

1. Identify and prioritize shared management objectives specifically related to human well-
being outcomes 

2. Identify social indicators or indicator areas that can measure progress toward identified 
objectives 

4. Identify connections between ecosystem state components and ecosystem services/human 
well-being domains that are presently most impacted and identify management actions to 
mitigate/reduce those impacts 

5. Identify practical ways forward. 

The one-day workshop was held in Honolulu at Pier 38 on May 22, 2019. Participants from 
Hawaiʻi Division of Aquatic Resources, Conservation International, The Nature Conservancy, 
Papahānaumokuākea Marine National Monument, University of Hawaiʻi Department of National 
Resources and Environmental Management, Western Pacific Regional Fisheries Management 
Council, Pacific Islands Regional Office, and Pacific Islands Fisheries Science Center attended 
the workshop. Discussions on each of the workshop objectives were held in small groups with a 
facilitator, and results were discussed in plenaries. This report describes the main outcomes from 
these activities and discussion points raised at the workshop in chronological order. 
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Introduction 

The workshop, conducted on May 22, 2019, started at 8:00 am with a welcome address by 
Ecosystem Science Division (ESD) director Frank Parrish. Parrish explained that NOAA has 
embraced Ecosystem-based Fisheries Management (EBFM), which requires the synthesis of 
interdisciplinary data sets. Regional ecosystem models can simultaneously couple chemical, 
physical, biological, ecological, and socio-economic dynamics at scales relevant to coastal 
communities and, therefore, realistically represent patterns and processes affecting marine 
ecosystems and those who depend on them and explicitly address tradeoffs across ocean use 
sectors. To meet this high bar for informed management, PIFSC has initiated the effort to 
parameterize and develop the Atlantis Ecosystem Model (https://research.csiro.au/atlantis/) to 
allow for the exploration of the ecosystem effects of changes in the environment and/or 
management strategies. Parrish expressed his gratitude to all who made the time and 
commitment to attend and participate in this ambitious effort.  

Attendees, listed alphabetically, were as follows (f  indicates facilitator): 

Name Affiliation 
Melanie Abecassisf  JIMAR/PIFSC-ESD 
Megan Asherf JIMAR/PIFSC-ESD 
Adam Ayers JIMAR/PIFSC-ESD 
Rusty Brainardf PIFSC-ESD 
Athline Clark PMNM 
Gerry Davis PIRO-Habitat 
Katie Davisf PIFSC-SOD 
Jamison Gove PIFSC-ESD 
Keith Kamikawa PIRO 
Luna Kekoa DOCARE 
Kirsten Leong PIFSC-ESD 
Ian Lundgren PIRO-EFH 
Hongguang Ma PIFSC-FRMD 
Stacia Marcoux DAR-Kona 
Paulo Maurin CRCP 

Name   Affiliation 
Manual Meija TNC 
Melissa Mou TNC 
Alohi Nakachi UH-NREM 
Michael Parke PIFSC-ESD 
Kirsten Oleson UH-NREM 
Frank Parrish PIFCS-ESD 
Kalani Quiocho PMNM 
Marlowe Sabater WPRFMC 
Eva Schemmel CI 
Alessandra Shea DAR-Oahu 
Russell Sparks DAR-Maui 
Brad Stubbs DAR-Oahu 
Mariska Weijerman  PIFSC-ESD 
Supin Wongbusarakum  JIMR/PIFSC-ESD 

Background presentations on the Atlantis ecosystem model and management 
objectives and indicators 
Mariska Weijerman, Ecosystem Modeler in ESD, reviewed the agenda (Appendix A) for the day 
and outlined the expectations from the participants. She then presented background information 
on EBFM, the different scales the various agencies work in and the components of the Atlantis 
ecosystem model (Fig. 1). Kirsten Leong, ESD Social Scientist, then detailed the social-
ecological system, the feedback loops between the ecological and social states, and highlighted 
the need to identify objectives related to human dimensions and the relevant social indicators to 
measure progress towards those objectives (Fig. 2). Weijerman then concluded the first 
presentation by outlining the workshop goals. 

https://research.csiro.au/atlantis/
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Figure 1. Components included in the Atlantis ecosystem model framework. The part that 
is currently missing are the social dynamics and how they are linked with the ecosystem 
state components of Atlantis. EBFM = Ecosystem-based Fisheries Management. Figure 
created by Amanda Dillon, NOAA-PIFSC.  

 
Figure 2. Conceptual model of social-ecological systems management and Atlantis 
model. Identifying objectives related to human well-being and associated indicators 
(represented by the question marks) was the focus of the workshop. SES = social-
ecological system. 
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Prior to the workshop, Weijerman sent out agency/program specific objectives gleaned from the 
various management related documents (strategic documents, websites, implementation plans, 
mandates, etc.) and asked participants for verification. Based on the documents, Supin 
Wongbusarakum, Social Scientist in ESD, presented the objectives grouped into six broad 
categories: 

1. Support sustainable fisheries  
2. Support resource governance 
3. Secure social safeguarding 
4. Establish and strengthen partnership  
5. Support ecosystem goods and services 
6. Address human well-being  

For each category, she provided examples of the various scales of the objectives (from broadly 
defined to activity-specific). The first five categories are focused on the biophysical realm 
(numbers 1 and 5) or are not directly applicable to the Atlantis model (numbers 2, 3, and 4), 
although the case can be made that they are indirectly applicable. Wongbusarakum then 
continued to specify the objectives that are related to human well-being and which we focused 
on in this workshop (the top left question mark in Fig. 2). From the various human well-being 
domains identified in the literature (Breslow et al. 2016, McKinnon et al. 2015, Millennium 
Ecosystem Assessment 2005) we selected five that were related to the biophysical ecosystem 
components and could be influenced by marine management. These were: 

1. Economic and Material Well-being 
2. Health 
3. Culture and Spirituality 
4. Social Relations 
5. Safety and Security 

Wongbusarakum then laid out the criteria for formulating objectives, i.e., they had to be 
attributable or contributable by management and directly related to the biophysical condition of 
nearshore marine ecosystems (0–400 m). Additionally, she introduced the SMART criteria to 
formulate objectives, i.e. Specific, Measurable, Achievable/Attainable, Relevant, and Time 
bound. We did not have time to ensure all objectives were written as SMART objectives, but 
included the criteria as reference.  



4 

Goal 1. Identify management objectives related to human wellbeing 

For this activity, we split into four groups of 5–6 people with, where possible, one representative 
from each agency and discussed possible objectives related to human well-being (Fig. 3). The 
groups then placed each objective specified on a single piece of paper under the human well-
being domain most closely associated with that objective. For example, the objective, “optimize 
income derived from ocean activities,” was placed under the human well-being domain 
“Economic and Material well-being.” Wongbusarakum and Leong then sorted and grouped them 
into shared categories under human well-being domains (Fig. 4). This exercise resulted in three 
categories of objectives for most human well-being domains. These categories and objectives are 
reported verbatim in Table 1. 

 
Figure 3. Small group discussion facilitated by (left) Katie Davis and (right) Rusty 
Brainard. 
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Table 1. Management objectives and associated indicators per human well-being domain. 

Human 
well-being 
Domain Category Objective Indicator Notes 

Economic 
& Material 
well-being 

    

 Revenue Sustainable marine revenues No. of commercial marine licenses  
(CML license) 
Revenue per pound 

CML and dealer data 

  Optimize income derived from 
ocean activities 

No. of people in tourism activities Data from Hawaiʻi 
Tourism Association 

  Access to fisheries (place & 
resources) 

Dingle Jonson funds (DJ funds) per zip 
code 
No. of fishers actively fishing 

Data from Hawaiʻi 
Marine Recreational 
Fishery Surveys 

 Balance 
resource use 

Balance portfolio of marine 
economies 

No. of residents participating in economic 
revenues 

E.g., balance between 
residents and visitors in 
participating in swim 
with dolphin programs or 
kayaking 

  Balancing non-market and market 
values 

Non-market value of keeping fish in the 
ocean for non-extractive recreation 

Data possibly from dive 
expenditure survey 
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Human 
well-being 
Domain Category Objective Indicator Notes 

  Identify areas where traditional 
fishing practices are focused and 
manage against tourism use within 
the next 5 years 

Quality of recreational experience 
(including traditional fishing) 
No. of residents using restricted areas (e.g. 
Hanauma Bay, Molokini) 
Existence value of having the resource 
Opportunity cost to use the resource 

Due to the influx of 
tourists or the depletion 
of the resource, the 
quality of the recreational 
experience has greatly 
diminished and resident 
either find other (lesser 
quality) areas or stop 
with the activity 

  Promote nearshore fisheries as 
sustainable food source 

No. of subsistence fishers  

 New economic 
opportunities 

Anticipate and proactively manage 
new ocean activities 

No. of aquaculture licenses 
No. tank fills 
No. of areas with spatial zonation for uses 
(e.g. Kailua Bay, Ala Moana beach park) 
No. of new gear codes or species codes in 
commercial fishery data records 

Data from Hawaiʻi 
Statistical year book 

  Promote economic opportunities 
that support a healthy future (e.g. 
sustainable agriculture) 

No. of free divers 
No. of participants in pole & line or reef 
fish fishing tournaments 
No. of social media groups related to 
marine resource use and its followers 

 

Health     

 Water quality 
(safe to be in; 
safe to eat fish 
from) 

Minimize infections due to poor 
water quality by keeping quality 
above threshold monitoring 
posting warnings 

Contaminants (safety; fish safe to eat) 
Healthy ecosystems to benefit the people 
Maximize mental well-being 
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Human 
well-being 
Domain Category Objective Indicator Notes 

  Reduce pollutants and 
contaminants by 10% to ensure 
ecosystem health (condition) and 
food security on areas of high 
impact 

Metals, organic and inorganic contaminants 
in consumed marine organisms 

 

  Identify and improve health 
guidelines on contaminants in fish 

  

  Address sewage system concerns Appropriate indicator for sewage  

  Coordinate cross-
agency/organizations effort for 
ocean health (plastics, cesspools, 
debris, run-off) 

  
 

 Safeguard 
vulnerable 
populations 

Support healthy ecosystems to 
support human well-being 

Indigenous people reflect environmental 
health by 2030 

 

  Ensure nutritional security of 
vulnerable populations (reef fish, 
limu) 

Amount of protein consumed Food diaries. Need to dig 
into literature 

  Local consumption of sea food to 
increase healthy benefit of seafood 
and seek to re-establish prior 
seafood resources 

Community catch  

 Maximize 
psychological 
well-being 

Manage tourisms for benefits & 
sustainability 

Happiness of the state 
No. of brown water days 
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Human 
well-being 
Domain Category Objective Indicator Notes 

  Ensure access to all marine 
resources for all activities 
(extraction and non-extraction) 

Resident perception of access to resources 
Measures of habitat condition for key 
resource users 
Mental health 
Infections 
Non-communicable diseases 

 
 
 
Data from hospital 
records 
 

 Others Education of place No. of people being educated in a place-
based situation 
No. of places 

 

  Ensure sustainable fresh water 
source for people and resources 

Stream flow 
Water quality 
Sustainable groundwater yield 
Depth aquafer 

 

Culture 
and 
Spirituality
§ 

    

 Culturally 
important 
species 

Identify key culturally important 
species within communities and 
provide these communities with 
management methodologies to 
better care for these species within 
10 years 

Generate an inventory of culturally 
important species 

 



9 

Human 
well-being 
Domain Category Objective Indicator Notes 

  Identify culturally important 
keystone species with an 
acknowledgement of differences in 
cultural values and promote 
restoration 

Level of knowledge/awareness about 
culturally-important species 

 

  Prioritize management of 
culturally significant species 

For each species, monitor quantity that is 
harvested for cultural practices 

 

 Inclusive / 
Respect of 
Hawaiian 
practices 

Manage with respect Level of awareness/compliance with pono 
practices 
No. of funded cultural working groups 
No. of management positions that are 
culturally focused 

 

  Preserve/include Hawaiian voice 
and its representation in 
management 

% of regulations aligned with traditional 
resource management practices, principles 
and values 

 

  Establish equity among different 
stakeholders  

No or % of communities involved in 
cultural management practices 

Stakeholders can be 
residents and visitors. 
Consider prioritization 

  Access to resources (place, water) % of areas with cultural management 
practices 

 

 Reciprocity 
between people 
and places 

Incorporate/refine moʻōlelo 
(story/legend), ʻōlelo noʻeau 
(Hawaiian proverb) for place-
based areas 

% of people participating in stewardship 
and cultural activities  
% of original place names in Hawaiian in 
management documents 
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Human 
well-being 
Domain Category Objective Indicator Notes 

  Ensure a reciprocal relationship 
between people and place (eating, 
ceremonies, etc.) 

Level of understanding of Hawaiian 
concept of people’s relationship with their 
place 
% of Native Hawaiians and locals engaged 
in cultural, spiritual and management 
activities 

 

Social 
Relations 

    

 Empower 
people of place 

Develop place-based (place 
specific) management 

Ability to develop place-based rules 
Support for capacity building 

Include stakeholders 
from place in 
development 

  Ensure continuity of people’s 
relationship to place 

How many people use area as food source 
Amount of sharing of food resources 
Measure of connection to place 
Community cohesion – consensus on shared 
objectives/values 
No. of conflicts 

 

  Community at moku scale System to incorporate local/traditional 
knowledge  
Feedback mechanism for adaptation 

Fits well with 
environmental and 
fishery data & traditional 
governance 

  Support local communities to 
establish 10 CBSFA by 2030 
across the main Hawaiian Islands 

Ability to partner or co-manage 
Presence of community organizations, level 
of involvement 

CBSFA= Community-
based Subsistence 
Fishing Area 
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Human 
well-being 
Domain Category Objective Indicator Notes 

  Provide an island coordinator for 
CBFM position on every islands 

Ability to enforce rules 
Measure of persistence/continuity 
perception of value 
Measure of access 

CBFM = Community-
based Fishery 
Management 

 Collaboration 
(process and 
implementation) 

Establish and follow best practices 
for stakeholder engagement 

Mechanisms for community engagement 
Perceived involvement 

 

  Improve communication Legitimacy of information in decisions Biasing of data 

  Support 30 x 30 initiative Representation of varied stakeholder groups  

  Increasing co-management 
between government agencies, 
NGOs and communities 

Appropriate platforms of communication to 
different stakeholder groups 

 

  Minimize user conflicts by 
establishing a conflict resolution 
process by 2020 

Respect and honor traditional knowledge  

  Promote ecosystem and fishery 
conservation and management by 
engaging multiple generations to 
minimize user conflict while 
achieving equity among resource 
and ecosystem users 

Continuity/Generational management 
Balanced existence cultural/traditional and 
economic values 
Ecosystem and cultural values represented 
Non-monetary benefits equal/fairly 
weighted 

Long term management 

  Improve community resilience and 
cohesiveness 

Traditional values well represented, 
respected and reflected 
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Human 
well-being 
Domain Category Objective Indicator Notes 

Safety and 
Security 

    

 Regulations and 
enforcement 

Improve guidelines on specific 
spatial uses/safety zones (boat 
channels, swim zones) 

No. of permits/licenses issued 
Quantify participation by user group 

 

  Regulations that address safety to 
users 

No. of injuries from drowning/water-related 
No. of training participants 

 

  Ensure DOCARE has resources 
and capacity to enforce regulations 
and improve compliance 

No. of enforcement violations 
No. of officers 
Amount of dollars toward enforcement 

 

 Coastal 
protection 

Prioritize management of hazards Demographics of high-risk neighborhoods  

  Coastline protection from flooding 
and other natural disasters 

Severity of storms/disasters 
 

 

  Support reef health  Condition of reef Healthy reefs protect our 
coastline 

  Improve and maintain ocean use 
facilities (boat ramps, bathrooms, 
parking lots, beach access) 

Condition of coastal facilities (state and 
county owned) 
Usable access points 

 

  Security to beaches addressing 
coastal development and sea walls 

% of coastline hardened (e.g. sea walls) Private vs government 



13 

Human 
well-being 
Domain Category Objective Indicator Notes 

  Minimize physical damage to 
property and persons from overuse 

No. of people by activity in given area 
No. of insurance claims for damage to 
property 

 

  Collaboratively identify resilience 
indicators for coastal hazards with 
2 communities by 2025 and 
develop corresponding 
management plans 

How quickly a community recovers  

  Efficiency with natural disaster 
preparation and response 

% of communities that are disaster ready 
(by criteria) 

Memorandums of 
Understanding 

 Seafood safety Safe seafood for consumption No. of ciguatera cases 
No. of seafood recalls 
Pounds of rejected fish from auction 
No. of seafood poisoning cases at hospitals 
Amount of local vs imported seafood 
Non-commercial coastal harvest 

 

§There were more objectives identified, the group votes on the most important ones and they are represented in this table.  
For the other ones and the original notes, please see Appendix B. 
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Reflection on activity 
Prior to the workshop, we asked invited participants to review the objectives related to human 
well-being contained in their policy/agency documents. The level of specificity for the resulting 
collection of objectives was too variable to use as a starting point for workshop discussions. We 
therefore asked participants to formulate objectives from scratch that were attributable to 
management and linked to the biophysical ecosystem components. This exercise proved 
challenging in the allocated time period; we ended up with more generic/broad objectives and 
only a few SMART objectives. However, from the objectives that were deemed most important 
for each domain (Table 1), it is clear that a large number are directly linked to management and 
not the biophysical ecosystem components. These results are therefore very important in follow-
up activities in EBFM workshops and discussions among agencies of how to implement EBFM. 

 

Figure 4. Supin Wongbusarakum (left) and Kirsten Leong (right) sorting similar 
objectives under categories for each of the five selected human well-being domains 
(color coded). 
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Goal 2. Identify social indicators for each of the identified 
management objectives  

Wongbusarakum gave a brief overview of what indicators are and showed some examples of 
social indicators. The participants then self-selected into small groups based on human well-
being domains. Weijerman and the facilitators were responsible for recording indicators for the 
categories of objectives identified in the first activity for each human well-being domain. Some 
groups brainstormed on general indicators for the category and did not specify the indicators per 
objective. In Table 1, we tried to link indicators to the most appropriate objectives. However, 
some indicators can be used for multiple objectives. Some groups also identified data sources or 
had other remarks which are noted under the “notes” column in Table 1.  

Reflection on activity 
In general, it was difficult to identify indicators (either because instructions were unclear or due 
to time constraints) so in some cases indicator areas were identified.  

 

Figure 5. Example of management objectives identified by the four groups under activity 
1 related to Health, indicator categories (outlined with a square), and associated 
indicators (post-its marked with an “i”) identified by self-selected groups under activity 2.  
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Goal 3. Identify linkages between ecosystem services/human well-
being domain that are currently most impacted 

Weijerman gave a presentation reminding the participants of the overall steps to implementation 
of EBFM. The EBFM roadmap explains the six principles toward EBFM with the ultimate goal 
to have resilient marine ecosystems. Weijerman spoke to each of the six steps and how they were 
addressed in this workshop. She then asked if having a consolidated report on current activities 
toward implementation of EBFM conducted by the group at large would be a useful document. 
In the discussion that followed, several points were raised: 

• There are State of the Reef reports which include human dimensions.  
• There should be overlap with indicators used by DAR and other agency’s/programs. 
• Ecosystem status reports are missing leverage points, e.g. businesses should be able to 

see where they can influence ecosystems. 
• Who would be the audience for this to-be-created document? 
• The Western Pacific Regional Fisheries Management Council is required to generate 

annual stock assessment and fishery ecosystem plans and these include a section on 
ecosystem consideration, which is mostly generated by staff from PIFSC, and it would be 
helpful to have parameters integrated in more specific manners. 

Weijerman then showed a conceptual model based on Ingram et al.’s (2018) work in West 
Hawai’i that links the main drivers and pressures to the key biophysical ecosystem state 
components (Fig. 6). Weijerman expanded the ecosystem state components from Ingram et al.’s 
(2018), and only included the ecosystem services of each of the four types of services 
(regulating, provisioning, cultural and supporting) from Ingram et al.’s work that were defined as 
having the strongest connections in terms of pressure on the ecosystem state.  

Following this activity, workshop participants reconvened in small groups and Weijerman asked 
them to draw connections between the ecosystem state components and the ecosystem services 
that are likely impacted by changes in ecosystem state. A strong connection in this activity meant 
that that connection was most impacted/under threat by the current environmental and/or 
management regimes. Additionally, she asked participants to sketch how these ecosystem 
services are likely to change the state of the social system with respect to the five different 
human well-being domains. Again, strong connections meant that they were most impacted and 
require immediate attention to mitigate its threat. The next part of the activity was to identify 
management interventions/mitigation actions to relieve/reduce the identified threats.  
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Figure 6. Conceptual social-ecological system model displaying interactions between 
drivers that create pressures that influence the ecosystem state components. Changes in 
ecosystem state components will lead to impacts on ecosystem services affecting 
human well-being. Participants were asked to fill in the linkages between the bottom 
three levels. 

Two of the groups did not have time to make connections between ecosystem services and 
human well-being domains, and most groups did not feel they had enough time to thoughtfully 
complete the exercise. Results listed in Table 2 should not be viewed as a complete list, but 
rather a starting point for future discussions. This activity identified a number of structural issues 
with this conception of flow from drivers to pressures, to ecological state, ecosystem services, 
and human well-being. One group considered the ecosystem services “Spiritual value” and 
“Heritage value” aspects of the human well-being domain “Culture and Spirituality” and 
“Habitat” and “Biodiversity” were thought to be inherent to the ecosystem state components and 
left them out of the activity as separate ecosystem services. They also questioned whether 
separate levels were necessary for material and non-material connections to resources, as most of 
their time was spent on material connections. Another group found it hard to make a distinction 
between “Spiritual value” and “Heritage value” and lumped them. A third group had difficulties 
with “Biodiversity” as an ecosystem service as they considered it a feature that supported all of 
the ecosystem services rather than a service on its own and therefore did not include it in the 
activity. The ecosystem component “algae” was sometimes divided in types of algae, including 
invasive algae, which had a negative impact on ecosystem services whereas crustose coralline 
algae (CCA) and fleshy macroalgae could also have a positive impact on ecosystem services. 
This tendency indicates a need to for the ability to assign positive and negative interactions 
between system components. Appendix C shows the final conceptual models. 



18 

Table 2. Identified connections between an ecosystem state component, ecosystem service and human well-being domain 
that were deemed most under threat by current environmental and management regimes and possible mitigation actions to 
relieve/reduce the threat. Note that most groups did not have time to fully complete this exercise. 

Ecosystem state 
component Ecosystem Service 

Human well-being 
domain Mitigation action 

Coral Spiritual & Heritage 
Value 

Culture & 
Spirituality 

Restoration and maintain corals 
Increase surveys of mesophotic systems 
Education to connect people to place and young to elders 
Unify messaging/messages 
Enable and maintain access to places 

 Coastal protection & 
Habitat & 
Biodiversity 

Safety and Security Eliminate land-based sediments /pollution 
Contain and manage invasive species  
Blanket protection for corals 
Create resilient coral nurseries 
Restore reef/develop artificial reefs 
Promote living shorelines 
Limit coastal development 

 Fish  Herbivore fishery management regulations 
Gear restrictions 

Algae Tourism Economic & Material 
well-being 

Reduce nutrients to coastal waters 
Change septic to tertiary treatment 
Stabilize streambanks 
Provide data/support/guidance to county public works on improving 
infrastructure 
Identify LBSP 

Crustose coralline 
algae (CCA) 

Coastal protection  Eliminate land-based sediments/pollution 
Contain and manage invasive species  

Fleshy macroalgae Spiritual value & 
Heritage value 

 Protect areas where these algae are grown/cultivated 
Cultural use permits 
Restore natural waterways and protect from development 
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Ecosystem state 
component Ecosystem Service 

Human well-being 
domain Mitigation action 

Invasive algae Habitat & 
Biodiversity 

 Better biofouling & ballast water control 
Better plans for introduced species (e.g. for aquaculture) 
Herbivore management to control invasive algae 

 Fish  Herbivore fishery management  
Regulations for LBSP 

Invertebrates Heritage value Culture and 
Spirituality 

Education to connect people to place and young to elders 
Unify messaging/messages 

 Fish  Better nutrient controls to limit COTS outbreaks 
Consider active control of COTS 
Eliminate LBSP 

Reef fish Heritage value Culture & 
Spirituality 

Education and outreach programs 

 Fish Social Relations Gear restrictions/ban or limit some extractive activities (e.g. scuba 
spearfishing, gillnets) 
Spatial management/network of marine managed areas 
Effort and catch controls 
Recreational fishing license 
Enhance enforcement 
Education and outreach of regulations 
Shift fishing effort to pelagic areas 

 Tourism Economic & Material 
well-being 

Improve management through multiple strategies (time bound, place 
bound, permitting, fees, parking restrictions, facility restrictions) 

 Habitat  Restoration activities 
Establish Essential Fish Habitats (EFH) 
Spatial management 
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Ecosystem state 
component Ecosystem Service 

Human well-being 
domain Mitigation action 

Reef fish & 
Bottomfish 

 Culture & 
Spirituality 

Economic Wellbeing 

Improve statewide fishing regulations and compliance 
Improve fishery independent survey data for managers 

Improve fishery depend data for managers 
Use fisher knowledge in management 

Protected species Habitat & Tourism  Improve land-use management to minimize loss of habitat 
Better enforcement of regulations 
Better management of marine debris, plastics, and ghost fishing gear 
Access restrictions 
Education 

 Fish  Minimize bycatch 
Education 

 Non-extractive 
recreation 

 Best practices 
Access restrictions 
Education 
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Reflection on activity 
Although time was short to complete this activity, all groups drew connecting lines between 
ecosystem states and ecosystem services. Drawing connections from ecosystem services to 
human well-being proved more challenging, with three out of four groups having difficulty 
working with the ecosystem services categories as presented. Numerous conceptual models use a 
cascading model that represents benefits flowing from ecosystem state to human well-being via 
ecosystem services. However, this structure has been questioned (Leong et al. 2019), and this 
exercise reveals some challenges to application in a quantitative model. In addition, attention 
will need to be paid to the inclusion of social outcomes based on non-material relationships to 
resources, as these were harder to think about by the groups. 

 

Figure 7. Group discussion of connections between ecosystem state components and 
ecosystem services facilitated by Megan Asher. 
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Goal 4. Practical ways forward 

For this activity, the participants were divided into two focus groups of approximately 15 people 
each. Wongbusarakum and Leong facilitated the group discussions, which were driven by the 
following questions: 

• What does ideal long-term monitoring look like (vision)? 
• How has the long-term monitoring been in comparison to the vision? 
• What improvements are needed for long-term monitoring?  
• How do we successfully integrate biophysical and socio-economic monitoring? What are 

the enabling conditions? 
• What are feasible immediate steps? (discussed in plenary) 

Results from these discussions will be analyzed in conjunction with results of similar discussions 
with other focus groups led by Wongbusarakum. Here we report on the immediate next steps 
suggested in the plenary. Both groups mentioned that in order to move forward we need 
leadership that supports institutionalizing long-term socio-economic monitoring and 
commitments across the various initiatives (at the Science Center, State level, federal entities and 
community leaders). The discussion also emphasized shared objectives and resources, and the 
importance of place-based monitoring. Discussion arose on the need to form a working group 
with the right people to determine the feasibility, directions, and resources (including funding) 
for setting up a collective socio-economic monitoring program that will regularly report on 
human well-being as a component of ocean health. This collaborative effort will also ensure that 
all agency/programs are aware of the activities that are being conducted. Furthermore, generating 
a large, open-access database similar to the one that exists for underwater visual biological data 
(benthic cover and fish), i.e., HIMARC (Hawaiʻi Monitoring and Research Collaborative), was 
generally considered a great step forward. In terms of budgets, a large proposal with leverage of 
the group at large could be more beneficial. This group should also include community 
members’ capacity to help communities achieve their goals.  

 

Figure 8. Group discussion centered on pertinent questions to address challenges met 
and practical ways forward.  



23 

Conclusion 

The workshop was a successful in terms of identifying management objectives and associated 
indicator areas. Although the workshop did not allow for the adequate time to develop 
“SMART” objectives, commonalities between groups will help determine the most important 
themes that can be incorporated into the Atlantis model. The core themes identified were: 

• Sustain/Optimize revenue from ocean activities 
• Balance resource use (including a balance between market and non-market values) 
• Promote/proactively manage new ocean activities 
• Ensure water quality is safe to be in and safe to eat fish from 
• Safeguard vulnerable populations 
• Maximize psychological well-being 
• Identify and manage culturally significant species 
• Manage in collaboration/with respect of Hawaiian practices 
• Ensure reciprocity between people and places 
• Empower people of place 
• Ensure collaboration in processes and implementation of management plans 
• Improve regulations and enforcement 
• Ensure coastal protection 

Furthermore, having objective-associated indicators will help guide us in either additional data 
collection or in working up existing data that can be incorporated in the Atlantis modeling 
framework. Mitigating actions to reduce the current threats or pressures to ecosystem state 
components that fell into land-oriented and marine-oriented management scenarios will help 
with the selection of management strategy simulations to evaluate. Now that we have identified 
the objectives related to human well-being and the main human well-being domains and their 
connections to the ecosystem services, the first steps toward trade-off analyses between 
ecological and human well-being has been made. The next step is to quantify these connections. 
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Appendix A: Agenda of workshop 
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Appendix B: Original notes during brainstorm session  
of objectives per human domain 

 

Figure B 1. Brainstorm idea of management objectives per human well-being domain 
from the small group facilitated by Megan Asher. EW = Economic and Material well-
being; S.R. = Social Relations; C&S = Culture and Spirituality; S&S = Safety and Security. 
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Figure B 2. Brainstorm idea of management objectives per human well-being domain 
from the small group facilitated by Rusty Brainard. 
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The human well-being domain Culture and Spirituality had the most identified objectives out of 
the five human well-being domains under consideration highlighting its importance to include in 
EBFM. Here, we list the objectives that were voted of lesser importance to identify indicators for 
due to time constraints. 

Table B 1. Additional objectives placed under the human well-being domain Culture and 
Spirituality. 

Category Objective Notes 
Collaboration Partner with the Office of Hawaiian 

Affairs to monitor/determine community 
well-being to maintain social health 

 

 Identify and expand a network of cultural 
experts  

e.g., moku model Luna 
Kekoa can provide 
additional information 

Culturally important 
places 

Identifying, protecting, managing or 
restoring culturally significant places 

e.g., fish ponds 

 Identify culturally important places 
promoting restoration with a balance of 
cultural differences 
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Appendix C: Final conceptual models of each group 

 

Figure C 1. Conceptual social-ecological system model with connections drawn in by 
workshop participants of four groups. For all figures, a 1 or green line represent the 
weakest and a 3 or red line the strongest connections. 
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