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2010 CORAL REEF 
WORKING GROUP 
PRIORITY AREA

Goal: Reduce 
anthropogenic 
stressors to coral 
reefs

But, how?



Conservation 
Action 

Planning

Defining 
Your Project

Developing
 Strategies & 

Measures

Implementing
 Strategies & 

Measures

Using Results to 
Adapt & Improve





CONSERVATION ACTION 5.1:

REMOVE HABITAT MODIFYING NON-NATIVE AND 
INVASIVE SPECIES, STARTING WITH MANGROVE 
AND TILAPIA, TO RESTORE/MAINTAIN ECOSYSTEM 
FUNCTION FOR 50% OF MANAGED PRIORITY 
ANCHIALINE POOLS AND FISHPONDS BY 2020. (H)

LEADS: TNC AND DAR W/ FISHPOND MANAGERS



PROGRESS TO DATE

Mangrove removed by 
hand, no sign of 
regrowth

Tilapia removed by 
hand, continue to 
spread to new habitat



CONSERVATION ACTION 6.5:

ASSESS THE PROJECTED IMPACTS OF CLIMATE 
CHANGE ON THE TARGET COASTAL 
RESOURCES IN SOUTH KOHALA AND 
IMPLEMENT PRIORITY ACTIONS TO OPTIMIZE 
CLIMATE CHANGE RESILIENCE BY 2020.  (M)

LEADS: NOAA SENTINEL SITE



NOAA 
PRIORITY 

AREAS



NOAA SENTINEL SITE PROGRAM SUPPORT

DATA 
• Elevation
• Inundation/Migration
• LiDAR

GRANTS 
• Ecological Effects of 

Sea Level Rise (EESLR)



EESLR PROJECT OVERVIEW

2016
• Data 

Collection
• Analysis
• Tool Design
• Partner 

Feedback

2017
Tool 
Development
• Training and 

Local 
Capacity 
Building

• Mapping 
Impacts

• Plan Review

2018
Prioritizing 
Action
Sharing  
Process and 
Lessons 
Learned



CONTEXT



ANCHIALINE POOL ECOLOGY

• Porous bedrock

• Brackish

• Tidal influence

• World wide 



ANCHIALINE POOL ECOLOGY
Megalagrion xanthomelas - endemic Metabetaeus lohena & Halocaridina rubra

NPS

NPS-Marrack

0.5cm Beavers

Antecaridina lauensis - Indo-Pacific
Calliasmata philodota - rare

1 cm
1cm





ANCHIALINE POOL ECOLOGY

4mm

Beavers

4% of pools 24% of pools

In 400 pools:

Fish had strongest negative 
effect on shrimp daytime 
occurrence.

Marrack, Beavers and O’Grady
Hydrobiologia, 2015



PROCESS



PROCESS



WHERE ARE POOLS NOW & WHERE EXIST WILL THEY EXIST IN 
THE FUTURE?

Goal: Provide tools to identify anchialine pool habitats 
of concern

Incorporate:

• high resolution (1 m grid) maps (4 intervals)

• flood freq./extremes based on predicted SLR*

• field measured groundwater levels above sea level

• current and future anchialine pools w/ & w/out invasive fish

• Current protection and land-use

• (Kopp et al. 2014)



Factors Affecting Extreme Water Levels 
in the Pacific Islands

TWL

SWL

Non-tidal Residual

Climate

Weather

Trend

Variability

(Marra slide, 2016)



• West Hawaii Specific

(Local tide gauge and buoys)

• Flood Frequency

(When does an area flood enough 
to become new habitat?)

• Extreme Flooding 
(Still Water Levels)

(Short frequency wave action  in 
TWL are not as relevant to inland 
water levels and habitat. Being 
developed for other uses)

(Kopp et al 2014)

Predictions of Flooding



Elevation Data
• Line Leveling
• GPS Surveying
• Critical Infrastructure, Ecological

and Cultural Sites

Elevation Data Collection



Total Water Levels (TWL)
Kīholo Specific

TWL = SWL + Runup

Runup = setup + swash

From EVA of: significant 
wave heights and results 
obtained from Vitousek et 
al (2010). 

Corrections:
• sheltering 
• shoaling 
• percolation



Frequency of Flooding and SWL Extremes 
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Flood maps
GW levels + SLR scenario elevations > current ground height

= flooding occurs

No Groundwater Groundwater



New Pools
•Over 40 ft from ocean

•No overland contact with ocean

New Pools

Destroyed Pools
•Overland contact with ocean

Existing pools



SLR +
Extreme  
tide

Mapping NEW Fish Pools

SLR+
MHHW  
tide



PROCESS



Stakeholder 
Needs & 
Expert 

Guidance

Data & 
Analysis

App 
Development

Stakeholder 
Usability 

Workshops

App 
Customization

Training & 
Implementation

Purpose: Screening tool to help planners understand the potential risks associated 
with sea level change and future development to anchialine pools over time. 

Use: Prioritize pool conservation & restoration opportunities and help make the case 
to influence future development decisions.

HAWAII– ECOSYSTEM EFFECTS OF SEA 
LEVEL CHANGE



3 WORKSHOPS W/ COMMUNITY, AGENCY, 
GOVERNMENT, AND NGO PARTICIPANTS

Cooperative Tool Development 2/16-2/17

/52



SHOW MORE PLACES – ESPECIALLY MINE

PROTECT SENSITIVE LOCATIONS

MAKE IT CLEARER

SHOW MORE LAYERS

FEEDBACK*

* From September 2016 Workshop  



MAKE IT CLEARER AND ADD MORE LAYERS

SHOW MORE PLACES AND PROTECT SENSITIVE 
LOCATIONS



Coastal Resilience





Coastal Resilience Freshwater Network

Floodplains by Design

Mapping Ocean Wealth

Natural Resource Navigator

The Global Water Atlas

Cities



RISKS

• Likelihood of invasive fish species transmission
• Potential to be impacted by planned future 

development
• Likelihood of being inundated by the ocean
• Likelihood of cesspool contamination
• Cumulative Risk

SOLUTIONS

• Land Protection Potential
• Invasive Fish Removal Priorities



WWW.MAPS.COASTALRESILIENCE.ORG/HAWAII
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