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» Established in 1970 by appointed representative from the nation’s coastal
states.

* Mission: Support the shared work and vision of the coastal states and
territories for the protection, conservation, responsible use, and sustainable
economic development of the nation’s coastal resources.

* Vision: The nation’s coastal areas are sustainably managed to balance
economic and resource values and uses.

Learn more:
www.coastalstates.org
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Protecting America’s Coral Reefs




The Biological Condition Gradient (BCG)

Natural structure & function of biotic community maintained
- ‘ 3 Minimal changes in structure & function
\ Evident changes in structure and
3 ) minimal changes in function
erate changes in structure &

minimal changes in function
Major changes in structure & §

moderate changes in function 2

Biological Condition

Increasing Levels of Stressors =

The views expressed in this presentation are those of the author and do not necessarily represent the views or policy of the US EPA.

Water Quality Standards

Water Quality Standards

Designated
Use

Reflect the state/

tribe’s managemen
aTs for their wa
odies, including CWA
01(a)(2) goals

Implementation

Examples:

Permits to
discharge pollutants
and dredge & fill
material

The water quality
levels that will protect :'
the designated use. |

Identification of
impaired waters

Waste Load
Allocations

Antidegradation

To protect existing uses, high quality

waters, Outstanding National Resource

Waters




CWA Section
101

Long term goal
To restore & maintain the

biological integri

Interim Goal

Protection and Propagation
of fish, shellfish and
wildlife ....

The capability [of an aquatic ecosystem] to
1 1 support and maintain a balanced, integrated,
BlOIOglcaI adaptive community of organisms having a
|ntegrity composition and diversity comparable to that of
the natural habitats of the region (adapted from
Frey 1977)




Biological Integrity

The capability [of an aquatic ecosystem] to
support and maintain a balanced, integrated,
adaptive community of organisms having a
composition and diversity comparable to that of
the natural habitats of the region.

\

classification

Biological Integrity

The capability [of an aquatic ecosystem] to
support and maintain a balanced, integrated,
adaptive community of organisms having a
composition and diversity comparable to that of
the natural habitats of the region.

/ N\

reference




Biological Integrity
quantitative measures

The capability [of an aquatic ecosystem] to
support and maintain a balanced, integrated,
adaptive community of organisms having a
composition and diversity comparable to that of
the natural habitats of the region.

[\

reference classification

Measuring Condition of the Biota: What

does th IS te" VOU ? - Cumulative Direct
response to | Measure of
structure \ anyandall | whatwe are
/ stressors protecting
Flow

_—— regime Y »
— WQ &
toxicity
\ Energy
\ source

\

R\

Biotic
interaction
Stressors
Human activity: Altered water Biological
“the drivers” resource features endpoint

Courtesy of Dave Allan, Univ of Michigan




Biologically-Based Aquatic Life Uses

& Criteria

Management Goals for protection
and restoration of aquatic life

designated
aquatic life uses

v’ Detailed biological information about the characteristics of
aquatic organisms expected in a water body

e Quantifiable thresholds

biological criteria

It is a scientific framework
for interpreting biological
response to anthropogenic
stress.

BioCondition

Based on bioassessments

Stress




Benthic Macroinvertebrates

* Animals without backbones, living in or
on the sediments, and large enough to
be seen by the unaided eye.

* Are susceptible to degradation of water
quality and habitat, and therefore serve
as good indicators of environmental
conditions.

e Serve as a primary food source for many
fish.

Dragonflies,
Damselfli

Courtesy of Susan Davies, ME DEP




Nutrient Enriched
Stream

May 2018 WQSA

—1 inch Courtesy of Susan Davies, ME DEP

Drainage from a
Shopping Mall




Biological Attributes

Biological Indicator. Response Along the Stressor

HIGH

Biological Indicator

Gradient

A bundance

Low

Stressor Gradient HIGH

40
Modified from Original Courtesy of Chris Yoder, CABB

Biological Condition

Data Interpretation

Increasing levels of stress 2>




BCG CONCEPTUAL MODEL

Levels of Biological Condition
Natural structural, functional,
and taxcnomic integrity is
preserved.

Structure & function similar to
natural community with some
additional taxa & biomass;
ecosystem level functions are
fully maintained.

Evident changes in structure
due to |oss of some rare native
taxa; shifts in relative
abundance; ecosystem level
functions fully maintained.

Moderate changes in structure
due to replacement of some
sensitive ubiquitous taxa by more
tolerant taxa; ecosystem
functions largely maintained.

Sensitive taxa markedly
diminished; cgns%lcuously
unbalanced distribution

of major taxonomic groups;
ecosystem function shows
reduced complexity &

redundancy.
Extreme changes in structure and
gﬁgﬁgﬂ: m ftggg‘,',%’,‘,-,i‘gh°'esa'e Watershed, habitat, flow regime Chemistry, habitat, and/or flow
composition; extreme alterations  and water chemistry as naturally regime severely altered from
from normal densities. oceurs. natural conditions.
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QUANTIFY GRADIENT - Attributes

Biological Indicator: mmﬂgmm

Streams i
* Sensitivity/tolerance <
e Organism Condition e it

* Presence of native/non native species

Estuaries Coral Reefs
Above plus habitat mosaic, connectivity,
ecosystem function

18




Conceptual Coral Reef BCG

VERY GOOD — EXCELLENT

Natural/unaltered

Biological Condition

POOR

Altered

Increasing Stress - - ->

Example: Numeric Coral Reef BCG

BCG Level 3: Evident changes in structure of the biotic community and
minimal changes in ecosystem function. Some changes in structure due to
loss of some rare native taxa; shifts in relative abundance of taxa but
intermediate sensitive taxa are common and abundant; ecosystem
functions are fully maintained through redundant attributes of the system.

Attributes
Physical structure: Moderate to high rugosity, moderate reef built above bedrock, some irregular cover for fish
habitat, water slightly turbid, low sediment, flocs or film on substrate.

Corals: Moderate coral diversity; large old colonies (Orbicella) with some tissue loss; varied population structure
(usually old colonies, few middle aged & some recruitment); Acropora thickets maybe present; rare species ab- sent.

Sponges: Autotrophic species present but highly sensitive species missing.

p—

Gorgonians more than in level 1.

Condition: Disease and tumor prevalence slightly above background level, more colonies have irregular tissue loss
Fish: Noticeable decline of large apex predators, groupers, snappers, etc. Small reef fish more abundant.

Vertebrates: Large, long-lived species locally extirpated (turtles, eels).

Other Invertebrates: Diadema, lobster, small crustaceans & polychaetes less abundant than level 1, large sensitive
anemones species missing.

20
Algae/plants: Crustose coralline algae present but less, turf algae present and longer, more fleshy algae present.




Example: Numeric Coral Reef BCG

BCG Level 3: Evident changes in structure of the biotic community and
minimal changes in ecosystem function. Some changes in structure due to
loss of some rare native taxa; shifts in relative abundance of taxa but
intermediate sensitive taxa are common and abundant; ecosystem
functions are fully maintained through redundant attributes of the system.

Narrative Rule Examples Quantitative Rule Examples

Coral Cover is moderately high LPI coral cover 220 (10 - 30) %

Coral are moderately diverse LPI coral species > 4 (3 —5) species

Sensitive coral species are represented LPI Attribute Il Ill, + IV species > 2 (1 — 3) species

Cover is mostly live and healthy organisms Bare Substrate and Algal Turf with Sediment < 30
(40 -20) %

Live cover of Orbicella is relatively high Live cover of Orbicella > 20 (15 — 25) %

21

Biological Condition Gradient

Levels of Biological Condition

Natural structural, functional,
and taxonomic integrity is
preserved.

Structure & function similar to
natural community with some
additional taxa & biomass;
ecosystem level functions are
fully maintained.

Evident chanfges in structure
due to loss of some rare native
taxa; shifts in relative
abundance; ecosystem level
functions fully maintained.

Moderate changes in structure
due to replacement of some
sensitive ubiquitous taxa by more
tolerant taxa; ecosystem
functions largely maintained.

Sensitive taxa markedly
diminished; conspicuously
unbalanced distribution

of major taxonomic groups;
ecosystem function shows
reduced complexity &

redundancy.

Extreme changes in structure and

gﬁgﬁggm {';Qg‘,',‘;’,;;i‘g“°'es”"’ Watershed, habitat, flow regime Chemistry, habitat, and/or flow
composition; extreme alterations  and water chemistry as naturally regime severely altered from
from normal densities. oceurs. natural conditions.

Dec 2019 WQSA 22




Biological Condition Gradient

Levels of Biological Condition

Natural structural, functional,
and taxonomic infegrity is
preserved.

Structure & function similar to
natural community with some
additional taxa & biomass;
ecosystem level functions are
fully maintained.

Evident changes in structure
due to loss of some rare native
taxa; shifts in relative
abundance; ecosystem level
functions fully maintained.

Moderate changes in structure
due to replacement of some
sensitive ubiquitous taxa by more
tolerant taxa; ecosystem
functions largely maintained.

Sensitive taxa markedly
diminished; conspicuously
unbalanced distribution

of major taxonomic groups;
ecosystem function shows
reduced complexity &
redundancy.

Extreme changes in structure and
2&2:52‘: '.',‘1 EQS‘,',%’.:;?;"“"“*"G Watershed, habitat, flow regime Chemistry, habitat, and/or flow
composition; extreme alterations  and water chemistry as naturally regime severely altered from

from normal densities. oceurs. natural conditions.

Dec 2019 WQSA 23

Biological Condition Gradient

Levels of Biological Condition

Natural structural, functional,
and taxonomic integrity is
preserved.

Structure & function similar to
natural community with some
additional taxa & biomass;
ecosystem level functions are
fully maintained.

Evident chan'ges in structure
due to loss of some rare native
taxa; shifts in relative
abundance; ecosystem level
functions fully maintained.

Moderate changes in structure
due to replacement of some
sensitive ubiquitous taxa by more
tolerant taxa; ecosystem
functions largely maintained.

Sensitive taxa markedly
diminished; conspicuously
unbalanced distribution

of major taxonomic groups;
ecosystem function shows
reduced complexity &
redundancy.

Extreme changes in structure and
SeosysteNUNCHONINOICS G Watershed, habitat, flow regime Chemistry, habitat, and/or flow

changes in taxonomic . | f
composition; extreme alterations  and water chemistry as naturally regime severely altered from

from normal densities. 0CCUrS. natural conditions.
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Biological Condition

Linking BCG with Measures of
Watershed Condition

Level 1: Natural structure and function

Level 2: Minimal changes in structure; function maintained

Level 3: Some changes in structure; minimal changes in function

Level 4: Moderate changes in structure, minimal changes in function

:.:\fl::;;icl:ﬂnajor changes in structure, moderate changes I n d i cato rs of
Watershed
Condition

Level 6: Severe changes in structure and
function

—
Recovery

Potential

Environmental Stressors

Physical/chemical conditions necessary for the biological and habitat
attributes providing the service are increasingly altered

Pairing BCG with Ecosystem Services

Level 1: Natural structure and function

Level 2: Minimal changes in structure; function maintained

Level 3: Some changes in structure; minimal changes in function

Level 4: Moderate changes in structure, minimal changes in function

Level 5: Major changes in structure, moderate changes in
function

Biological Condition

Level 6: Severe changes in structure and
function

Coastal infrastructure for
shoreline and property

protection
Coral species Fish species & BEHEfitSﬂosses
diversity for abundance for R .
divers fisherman and aSSOC|ated Wlth

different actions

Ecosystem Services

Environmental Stressors

Physical/chemical conditions necessary for the biological and habitat attributes providing the
service are increasingly altered




What can BCG be used for?

e Determine and communicate the current existing
environmental conditions relative to natural, undisturbed
conditions.

e Describe what environmental conditions are achievable
through protection and/or restoration.

e Communicate what is biologically predicted to be gained,
or lost, with different management decisions.

e Provide feedback on effectiveness of management
actions by tracking incremental changes.
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C CR I Coral Reef Experts G

Richard Appeldoorn, CCRI, UPR Jeff Miller, NPS, USVI NP Protecting natuee. Prsering fe”
Jerry Ault, U of Miami, RSMAS Simon Pittman, NOAA
David Ballantine, CCRI Antares Ramos, NOAA
Jorge Bauza, San Juan Bay Estuary Program Loretta Roberson, UPR
Miguel Canals, Puerto Rico DNER Hector Ruiz, CCRI, UPR
Lisa Marie Carrubba, NOAA &7, Carolyn Rogers, USGS, U
Randy Clark, NOAA % E Alberto Sabat, UPR
A4

David Cuevas, US EPA/ Region 2 SriitthEonian Michelle Sharer, UPR

Ernesto Diaz, Puerto Rico DNER Institution Steve Smith, U of Miami, RSMAS

William Fisher, US EPA/ORD Tyler Smith, UVI, St. Thomas Nsu
Graciela Garcia, NOAA Alina Szmant, UNC Wilmington %ﬂlm
Edwin A. Hernandez, UPR Brandi Todd, US EPA/Region 6 UNNVERSITY
Aaron Hutchins, TNC Vance Vincente, Vincente & Associates
Evelyn Huertas, US EPA/ Region 2 Brian Walker, NOVA SE

Chris Jeffrey, NOAA Ernesto Weil, CCRI, UPR

Melanie McField, Smithsonian Institution Paul Yoshioka, CCRI, UPR

< USGS

science for a changing world
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Questions?

Susan Jackson
US EPA Biological Criteria Program
jackson.susank@epa.gov

EPA Coral Reef BCG Team and Partners:
Bill Fisher, Debbie Santavy, Christina

Horstmann, Giancarlo Cicchetti, Susan Yee, Scott
Leibowitz, Jordan West, Catherine Brady (ORISE)

For more information ...

1) U.S. EPA 2016. A Practitioner’s Guide to the Biological Condition Gradient: A Framework to Describe
Incremental Change in Aquatic Ecosystems. EPA 842-R-16-001. Office of Science and Technology,
Washington D.C. 20460.
https://www.epa.gov/wqc/practitioners-guide-biological-condition-gradient-framework-describe-
incremental-change-aquatic

2) Flotemersch, J., S. Leibowitz, R. Hill, J. Stoddard, M. Thoms, and R. Tharme. 2015. A Watershed
Integrity Definition and Assessment Approach to Support Strategic Management of Watersheds. River
Research and Applications. John Wiley & Sons Incorporated, New York, NY.

3) Healthy Watersheds: Technical analysis methods, tools and reports. https://www.epa.gov/watershed-
analysis

4) Yee, S., J. Bousquin, Randy Bruins, Tim Canfield, Ted DeWitt, R. Delesus-Crespo, B. Dyson, R. Fulford, M.
Harwell, J. Hoffman, C. Littles, JohnM Johnston, Bob Mckane, L. Ruiz-Green, M. Russell, L. Sharpe, N.
Seeteram, A. Tashie, and K. Williams. 2017. Practical Strategies for Integrating Final Ecosystem Goods and
Services into Community Decision-Making. EPA/600/R-17/266.

https://cfpub.epa.gov/si/si_public_record report.cfm?dirEntryld=337461




The Role of Coral Reefs
in Coastal Protection ZUSGS

Rigorously Valuing the Role oﬂl?. Coral 1
Coastal Hazard Risk Reduction R ets

Rigorously Valuing Coral Reefs to Inform
Coastal Zone Management and Create New |
Funding Opportunities for Reef Restoration

Presentation by Curt Storlazzi, U.S.
Geological Survey.

-

Access the full report here: Openile epart 2019-1027

https://pubs.er.usgs.gov/publication/ofr201
91027




Adaptation Design Tool for
Natural Resource Management

Jordan M. West
U.S. Environmental Protection Agency, Office of Research & Development

Pat Bradley
Tetra Tech, Inc.

17 December 2019

The views expressed in this presentation are those of the authors and do not represent official policy of the US EPA.

Resilience

wEPA Why is adaptation important?

Rapid environmental changes and extreme events
are shifting the context of coral reef management

s CORAL REEF ECO

7% changesin 14000 Changesin  Altered Dcean Cumrents  Ocean Ackilication
o | +* Precipation

Stodmm Patterns

e pH
Increased runoéf
L R — -
etenal deess aedimenty ge in connectity | reduction in pH
theseal o o frdiment & & temperature regimes Norvets
Land-based
pollutants

Source: Adaptation Design Tool user guide (https://www.coris.noaa.gov/activities/CCAP_design/)




wEPA

Stein et al. (2014)

7. Track
& evaluate
adaptation

actions

6. Implement
priority
adaptation
actions

Adaptation planning framework

1. Define
planning
purpose &
objectives

2. Assess
climate
impacts &
vulnerabilities
General Adaptation
Strategies

Specific Adaptation
Options

3. Review
& revise goals
& objectives

Climate-Smart
Design
Considerations

5. Evaluate
& select
adaptation
actions

Coral Reef Application
West et al. (2017, 2018):

4. Identify
adaptation
options

doi 10.1007/s00267-016-0774-3
doi 10.1007/s00267-018-1065-y

Activity 1
Examine Climate-
Smart Design
Considerations

Activity 2
Expand the list of
Adaptation
Options

Input: Existing
management actions

Input: Vulnerability &
resilience information

Input: Vulnerability &
resilience information

Input: Ideas from CCAP
Compendium

gl

Adaptation Design Tool

Breaking down a complex process . . .

Supplementary Output 1:
Data and information gaps and
research needs

Worksheet 1A
Apply Category 1
design considerations:
climate change effects
on target stressor(s)

Worksheet 1B
Apply Category 2
design considerations:
impacts of climate
change on
management action(s)

OUTPUT:
CLIMATE-SMART
MANAGEMENT

Iterate to
Activityl

S

Worksheet 2
Identify additional
site-specific
adaptation actions

ACTIONS

Supplementary Output 2:
Sequencing requirements and
interactions among actions




<EPA What does the tool do?

* Helps you apply climate-smart
design to your management
activities

» Supports brainstorming of
additional adaptation activities that
may be critically needed

» Generates insights on:
— information gaps & research needs
— synergies, conflicts & sequencing
considerations

wEPA What does it NOT do?

* Provide a vulnerability assessment
(But it does reveal the form & content needed)

Options

* Make evaluation & selection decisions for you . i
(But it does support a more robust decision process) implement
* Produce your project implementation plan

4,
(But it does provide the technical basis for climate-smart @ Adspeston

implementation)




Activity 1

Examine

Climate-Smart
Design
Considerations

Activity 1: Examine Design Considerations

Input: Existing

management actions ",
>

Input: Vulnerability &

resilience potential
information

-w

Worksheet 1A
Apply Category 1
design
considerations:
impacts of climate
change on target
stressor(s)

—

Worksheet 1B
Apply Category 2
design
considerations:
impacts of climate
change on
management

>

OUTPUT:
CLIMATE-SMART

MANAGEMENT
ACTIONS

actions

Activity 1 helps you:

e Consider how climate change will affect stressors of concern relevant to your
management action (Worksheet 1A)

* Analyze how the management action can then be adapted in order to be most
effective given those changes (Worksheet 1B)

West Maui, Hawai’i example

wEPA

Original Action:
Install terraces adjacent to dirt roads in agricultural areas to reduce sediment runoff onto reefs.

How will increasingly severe storms affect the volume, pattern and timing of runoff into terraces?

How can the terraces be designed (number, durability, dimensions) and located (placed in the
landscape) to account for these effects?

Climate-Smart Action:

Install terraces resistant to extreme events, adjacent to roads targeted as contributing the largest
percent sediment outflows to reefs; design terraces of sufficient dimension, number and step-series
appropriate to the location; increase maintenance frequency to shorter time intervals and after
heavy rainfall events.




S EPA How does this relate to our previous talks?
o Guanica Bay, Puerto Rico example

Al A2 A3 A4 A5 .

Existin, q L " N
Action mana emgent Stressor(s) of Climate change effects on stressor(s): direction, magnitude, Timing of climate Implications for effectiveness metrics and how to
number acfion concern mechanism, uncertainty change effects measure them

3 Outplant Warmer ocean | Warmer waters may increase bleaching episodes and « Temperature effe Effectiveness metrics: Is a certain level of
aquarium-grown water disease outbreaks. Longer periods of heat stress, as well. have already * Survival and growth rates of outplanted rugosity of outplants
corals on reefs * Lower pH ocean High magnitude, low uncertainty. occurred, with desirable?

colonies, including genetic diversity. Sexual.a

surrounding the water * More intense storms may produce runoff carrying more increasing magnitude aseXUTFFEprodetticno T e Some micro-fragging
M e Terrestrial sediment and nutrients. Percent increase in erosion and i “J1 e Reduced wave heightlinshore. is being used to “re-
enhance coastal sediment and runoff will likely be greater than percent increase in . Reduced erosion ratejonshore. sheet” dead boulder
rotection and nutrients precipitation. High magnitude, low uncertainty. Implications for effectiYeness metrics: colonies, like
reduct stline’ Sea level rise * Stormwater plumes may extend further into the ocean, o Survival rates over lofjger time periods (multiple Orbicella.
erosion im| - = N orm intensity will vears) mav decrease due to enisadic events like 1 o Since this action is so
. :n USGS study validates coastal L likely continue to BCG work provides closely rela:ed {c: th:
. s | e Se . . PR er increase over coming . . . . nursery action, it wil
CrmeR (m| Protection function as priority decades. information on site functional | be important to
other than objective driving this action + Acidification beyond || |evie|s that help identify adjust nursery
sediment and * Stq . corar a may . . rearing practices in
turbidity (i.e., an and su pports creation of have already occurred effectheneSS metrics fOI' response to
breakage and red appropriate effectiveness for some taxa and is meeting condition ta rgets outplanting results.
scouring ma| trics expected to worsen. Effects of ocean
* Acute ® Inc| me \ metrics: acidification on
anthropogenic systems due to warmer water. Medium magnitude, * Monitor survival for longer after outplanting different coral life
impacts (e.g., medium uncertainty. because of more episodic climate change- stages are
vessel ® Sea level rise may occur faster than reef accretion, leading associated events, like bleaching or storms. particularly
groundings) to “sinking reefs”. Medium magnitude, low uncertainty. Monitor longer for reproduction because of unknown.

* Ocean acidification may decrease colony growth rates,
reproduction, and successful recruitment if corals cannot
chemically cue to settlement sites, put energy into gamete
production, or calcify (due to acidic conditions). High
magnitude, medium-high uncertainty.

del maturity.
* Monitor rugosity, the roughness of the reef

creates friction and thus wave attenuation
nitor wave height and/or erosion ra:

n i i ?
SEPA How does this relate to our previous talks:

Gudnica Bay, Puerto Rico example

B3 B4 B5
Time frame or
Changes in effectiveness Changes in effectiveness  constraint for using
of management action of management action the action and
due to: climate impacts  due to: climate impacts implementation

Existing
management

What changes are needed to adapt the
action (place, time, and engineering Climate-Smart Management Action

action " design)
on target stressor on management action  (e.g., urgency, longer
or shorter term)
Outplant Areas suitable for o Fewer boat and diving | e The sooner this i; Focus on outplanting coral strains witl sing species that effectively protect the Reefs to the west of
aquarium- outplanting may days available for initiated, the variety of types of tolerance to climate- |coastline, outplant colonies that are heat, Guanica Bay receive
grown corals gn change due to utplanting corals due better. change effects, including being bred to isgase-, sediment-, and low pH-tolerant. more sedimentation
reefs ded sedi t increase in storms N tolerate multiple stressors (stress- oid outplanting during high sediment than those to the
surrounding the * Metl BCG info rmation corals). or precipitation periods to reduce init.ial east. Reef resilience
bay mouth to Decreased growth an for 4 ) ) long- e« Stronger attacl nt methods (e.g., stressor exposure to outplants. Colonies assessment shows
enhance coas! reproduction rates of subs| Oon site functional " should be affixed to reefs using stronger some potentially
protection an outplants from ocean with: levels informs site BCG attribute: attachment methods due to larger suitable sites to the
reduce acidification. storr . Sediment tolerance storms. Site selection should be adjusted east of the bay.
coastline « pref{ Selection for shifting plumes of land-based o Ne=lio FEsan
erosion seas{ onsiderations %mw pollutants from the bay. Because survival otherart T
® Incrg and [and-base s through extreme events is an important are important for
N damage to aquarium ® Factor changes in sediment plume past of the nursery program, colonies improving the
colonie: s : PRSP . R
" nursery facilities. location and direction into outplanting | shald be monitored through extreme outplanting
BCG attribute: lo SLR may offset any ng—r——r/ vents such as high temperatures and v —
wave height/erosion * Extend monitoring longer after large storms. Monitoring periods for N
G rOWth rate redy outplanting to include observation of outplants should be extended to do this. * How can multiple
outplanted colonies cora| BCG attributes: how outplants handle extreme events | Site more than one growth facility to :ol;)hniehs l: attached
from bleaching, 4 H hili and to what extent they reproduce. spread risk of total loss. ‘_:' e o
diseases and storms, Bl.eaChI ng SUSCe.pt.I I?I lity o Establish more than one coral growing simultaneously?
-Disease susceptibility facility to reduce risk of losing all stock.
-Pathogenic diseases
|




Activity 1
Examine Climate-
Smart Design
Considerations

Input: Existing
management actions

Input: Vulnerability &
resilience potential
information

Input: Vulnerability &

Adaptation Design Tool

E

Data and information gaps and

Supplementary Output 1:
research needs

Worksheet 1A
Apply Category 1

design considerations:

impacts of climate
change on target
stressor(s)

Worksheet 1B
Apply Category 2
design considerations:
impacts of climate
change on
management actions

Iterate to
Activityl

OUTPUT:
CLIMATE-SMART

MANAGEMENT
ACTIONS

Supplementary Output 2:
Sequencing requirements and
interactions among actions

resilience potential
Activity 2 information Worksheet 2
Expand the list of Identify additional
pAdaptaticn site-specific
Options Input: Ideas from CCAP adaptation actions
Compendium

11

wEPA

Activity 2 helps you:

* |dentify additional actions that
address climate-related

vulnerabilities not sufficiently
addressed in your existing plan

Activity 2
Expand the list of

Adaptation Options

Input: Vulnerability &
resilience potential
information

Input: Ideas from CCAP
Compendium

Activity 1
Examine Climate-
Smart Design

Considerations

Worksheet 2
Identify additional site-

specific adaptation actions

Start building a list of potential
adaptation actions if you are
starting a plan from scratch

Activity 2: Expand your list of potential actions




wEPA

Management Action

Plant riparian buffers

Guanica Bay, Puerto Rico example

A. Reduce Non-

Climate Stresses

B. Protect Key
Ecosystem
Features

C. Ensure

Connectivity

D. Restore
Structure and
Function

E. Protect

Refugia

F. Relocate
Organisms

G. Support
Evolutionary
Potential

Guanica Valley farms

along the Rio Loco where X
it passes through farms
Plant cover crops in

X

wEPA

Management Action

Plant riparian buffers
along the Rio Loco where
it passes through farms

Guadnica Bay, Puerto Rico example

A. Reduce Non-

Climate Stresses

B. Protect Key
Ecosystem
Features

C. Ensure
Connectivity

D. Restore
Structure and
Function

E. Protect
Refugia

F. Relocate
Organisms

G. Support
Evolutionary
Potential

Plant cover crops in
Gudnica Valley farms

Outplant corals from
nurseries onto reefs for
coastal protection

Eliminate invasive lionfish

Protect mangroves
adjacent to key reef areas

Establish MPAs targeting
resilient reefs as
recruitment sources as
well as destinations for
migrants




wEPA Adaptation Design Tool

Supplementary Output 1:
Data and information gaps and
research needs

Worksheet 1A Worksheet 1B o
Input: Existing Apply Category 1 Apply Category 2 OuTPUT:
Activity 1 mana i / design considerations: design considerations:
gement actions 8! - ! _
Examine Climate- impacts of climate || 'mpaf‘fs of climate CLIMATE SMART
Smart Design change on target Change on X
CorEEEEES Input: Vulnerability & 1 stressor(s) management actions MANAGEMENT
resilience potential
information j ACTIONS

Iterate to
Activityl

Input: Vulnerability &

resilience potential
Activity 2 information w?rkshegg 2 Supplementary Output 2:
> Identify additional . . .
Expand the list of Site specific Sequencing requirements and
Ac:)a[:)ttka)::n A —— v —— interactions among actions
Compendium B
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EPA Supplementary outputs

SO #1: Information on Key Data and Information Gaps and Research Needs

1 2 3 a4 5 6 7
Acti Existing Understanding of watershed processes Understanding patterns of Understanding climate Understanding stressor effects on biota Understanding climate change
ction

management (historical and current) climate change drivers change effects on stressors
action

effects on effectiveness of
number

of concern management action

1 Switch from [+ How drought tolerant are shade-grown [+ Is there informationonthe |+ Need to do a geospatial [+ Need to better understand the * How wide do buffers need to
sun-grown to coffee plants? projected increase in wind analysis of the flooding sensitivity of reef species to various be in the Caribbean sub-
shade-grown |+ Need to understand defoliation and its speeds in general? in Lajas Valley to stressors tropics?
coffee triggers (for guava, Guama, capa, *  Will there be changes in document aerial extent |+ Conduct a gap analysis to identify « How much larger a buffer is

mocha, etc.) to determine possible circulation patterns that where improvements might be made needed to accommodate the
impacts of coffee shade trees on coffee would impact sediment to the Guanica Dry Forest and the larger rain events and
plants. delivery to Puerto Rico’s upper watershed forests, as well as flooding?

coral reefs? connections between the forests

(upper and lower)

SO #2: Analyzing sequencing and interactions among actions

1 2 3 4 5
Action Existing Climate-Smart Management Action Interactions (interdependency, Sequencing (overlap requirements,
number Management redundancy, conflict, + synergy) prerequisites, temporal implementation)

Action
(Original)

1 Switch from Plant shade-tolerant coffee with heat- Interdependency: with farm inventory Continue to implement, but need to conduct | Conduct a farm inventory for the upper

sun-grown to | tolerant shade plants. Plant Redundancy: cover crops in coffee farm a farm inventory to assist in prioritization of | watershed to determine additional farms for
shade-grown | understory/secondary canopy plants future conversions; continue to develop conversion to shade-grown coffee and also
coffee that will effectively use or provide Conflict: ? treatments and standards for dirt roads on identify farms with active erosion issues; include

nutrients (e.g., n-fixation) and stabilize :Sy;ftrgy: :’ith treatments and standards coffee farms (concurrent action). crops grown, BMPs, fertilizer/pesticide/herbicide
for dirt roads

soil during more intense storms. application rates and production
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wEPA Adaptation Design Tool

Supplementary Output 1:
Data and information gaps and
research needs

Worksheet 1A Worksheet 1B o

Input: Existing Apply Category 1 Apply Category 2 OUTPUT.

Activity 1 mana i design considerations: design considerations:
gement actions Sl 8! - ! _
Examine Climate- impacts of climate [ 'mpaf‘fs of climate CLIMATE-SMART
Smart Design . change on target Change on X
CorEEEEES Input: Vulnerability & .~ 1 stressor(s) management actions MANAGEMENT
resilience potential

information j ACTIONS

Iterate to
Activityl

Input: Vulnerability &
resilience potential
Activity 2 information RN pNorksheet2 .{ Supplementary Output 2:

Expand the list of ety e Sequencing requirements and

site-specific . . N
. . interactions among actions
adaptation actions

Adaptation
Options Input: Ideas from CCAP ./
Compendium

7
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wEPA What is the value-added in using the tool?

» Structures and clarifies a complex thought process
» Provides transparency and credibility for decisions
» Looks at uncertainty without being paralyzed by it

» Supports consideration of spatial and temporal
scales in planning

* Provides a practical basis for higher level strategic
planning




Reef Resilience Network online course

wEPA

Climate-Smart Conservation Cycle (Stein et al. z024) with Adaptation Design Framework

1. Define planaing
purpese & objectives
7. Track & evaluate
adaptation actions
4
r

&. Implement priotity : :
ﬂm;::l::‘m
Considerations

3. Review &revise
goals & chjectives

MNote: While this course
focuses on how to use the
Design Tool for Step 4 of the

cycle (initial Indm-.[u.nurp,u 5. Evaluate & select 4. \dentity adaptation
design), the process for using adaption actions options
itin Step & (detailed design for

implementation) is the same.

2. COMPONENTS

3. PREPARATION

& APPLICATION 5. SUMMARY

https://reefresilience.org/community-based-climate-adaptation/climate-adaptation-tools/ccap-adaptation-design-tool/

wEPA

Jordan West (EPA Co-Lead)
Anna Hamilton (Tetra Tech)

Kitty Courtney (Tetra Tech)

Pat Bradley (Tetra Tech)

David Gibbs (ORISE Fellow, EPA)

Britt Parker (NOAA Co-Lead)
Karen Koltes (DOI)

Susan Julius (EPA)

Jennie Hoffman (Consultant)
Petra MacGowan (TNC)
Cherie Wagner (TNC)

For more information

west.jordan@epa.gov




Speaker Contact Information

Bradley Watson, Executive Director, Coastal States Organization (CSO)

bwatson@coastalstates.org

Terri Johnson, Office of Water, EPA
johnson.terri@epa.gov

Susan Jackson, Office of Water, EPA
jackson.susank@epa.gov

Curt Storlazzi, Coastal and Marine Geology Program, USGS
cstorlazzi@usgs.gov

Jordan West, Office of Research and Development, EPA

west.jordan@epa.gov

Watershed Academy Webcast

More webcasts coming soon!

www.epa/gov/watershedacademy

The slides from today’s presentations are posted.
A recording will be posted within the next month.




Participation Certificate

* If you would like to obtain a participation certificate
you can access the PDF in the Handouts section of
your control panel.

* You can type each of the attendees names into the
PDF and print the certificates.

Thank You!
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