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US Coral Reef Task Force Initiative

Concern over effects of watershed
stressors on corals led to designation
of Guanica Bay as a US Coral Reef Task
Force Watershed Initiative

This led to development of a Guanica
Bay Watershed Management Plan

Decision Tools

Structured decision process
Systems framework
Alternatives formulation
Consequence tables
Scenario testing

Guanica Bay Watershed
Management Plan

Watershed Planning in Puerto

Rico

CrxTEs rom
WATERSHE
PROTECTION




Recommended Actions

GB Watershed Management Plan
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Maximize planting of Remove relic irrigation  Establish wastewate#
cleared home sites & dirt structures treatment wetlands
roadways

Treat stormwater Minimize pet waste
Dredge reservoirs outflows

Encourage hydroseeding

Restore lagoon marshes Treat sewage effluent Upgrade sewage
treatment facility

Enhance riparian
planting

Sustain and slow reservoir
releases

Increase cover crop
plantings

Create incentives for shade  Enforce sediment Establish rainwater
grown coffee erosion regulations collection systems
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Means-Encs Netwwarile

Fundamental objectives WMP means objectives WMP recommended decisions

.. . Enforce sediment erosion regulations
Maximize ecological

integrity Maximize planting of cleared home
sites & dirt roadways

<

Reduce physical/chemical/
bacterial stressors
from municipal loadings

Maximize economic Minimize pet waste

benefits

/

Treat sewage effluent

)

Restore lagoon marshes/establish
treatment wetlands

Enhance social well-being
Treat stormwater outflows

Dredge reservoirs
Reduce physical/chemical

stressors from agricultural
loadings

\ Preserve farmland/ topsoil
\ coffee

Conserve freshwater Remove relic irrigation structures

supplies \ . . .
Establish rainwater collection

systems

Sustain and slow reservoir releases

Minimize threats to
human health

Encourage hydroseeding

Enhance riparian planting

Increase cover crop plantings

Meet political and Create incentives for shade grown

legislative requirements

Carriger et al. 2013
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Means-Encs Netwwarile

Fundamental objectives

WMP means objectives

WMP recommended decisions

Maximize ecological
integrity

Maximize economic
benefits

Enhance social well-being

Minimize threats to
human health

Meet political and
legislative requirements

Enforce sediment erosion regulations

Maximize planting of cleared home
sites & dirt roadways

<

/

Reduce physical/chemical/
bacterial stressors
from municipal loadings

Minimize pet waste

Treat sewage effluent

)

Restore lagoon marshes/establish
treatment wetlands

Treat stormwater outflows

Dredge reservoirs

Reduce physical/chemical
stressors from agricultural
loadings

Sustain and slow reservoir releases

Encourage hydroseeding

Enhance riparian planting

Preserve farmland/ topsoil Increase cover crop plantings

Create incentives for shade grown
coffee

"
x
N\

Conserve freshwater Remove relic irrigation structures

supplies

Establish rainwater collection

Carriger et al. 2013

systems



Means-Eincs

Fundamental objectives WMP means objectives WMP recommended decisions
.. . Enforce sediment erosion regulations
Maximize ecological
integrity Maximize planting of cleared home <
sites & dirt roadways
e e ST Reduce physical/chemical/ . Minimize pet waste
benefits

h ?aeri:j "?SI'CS;. nﬁ . "\\ Al te‘a sewage effluent
NN )

\\\‘ Restore lagoon marshes/establish

Enhance social well-being treatment wetlands

Treat stormwater outflows

Dredge reservoirs

Reduce physical/chemical .

stressors from agricultural Sustain and slow reservoir releases

Minimize threats to loadings \‘ |
human health d l h- \ 1€ Epcourage hydroseeding—————
ow do I achieve ki

A\

N Preserve farmland/ topsoil V"_“‘ Increase’cover crop plantings

Efhance riparian planting

Meet political and * Create incentives for shade grown
islati i coffee
(GRS CErUIETEnE Conserve freshwater Remove relic irrigation structures

supplies \

Establish rainwater collection
systems

Carriger et al. 2013



The Guanica watershed has gone through many changes resulting
from agricultural and municipal growth

These changes have altered the quantity and quality of water
flowing from the watershed into Guanica Bay and coastal coral
reefs, particularly in terms of sediment discharge




Actions™ to Reduce Sediment Discharge
Shade-grown coffee
Dredging reservoirs
Lagoon restoration
Hydro-seeding
Riparian planting
Remove relic irrigation

*Guanica Bay Watershed Management Plan



A process to elicit and organize key stakeholder values
and relevant scientific knowledge for making decisions

Clarify the Strengths of SDM
Decision
prad - N e Facts and values
Implement Define * Multiple perspectives
Monitor & Objectives . ol
Review & Measures * Holistic
4 il * Democratic
( Evaluate J [ Develop J * Flexible
Trade-offs Alternatives ° IVIuItipIe knowledge

'\[ Estimate JA/ sources

Consequences




A process to elicit and organize key stakeholder values
and relevant scientific knowledge for making decisions

Strengths of SDM

e Facts and values
Multiple perspectives
Holistic

Clarify the
Decision
Context

T~

Define
Objectives
& Measures

Monitor &

Implemen
Review

4 4 Democratic
Evaluate Develop Flexible
Ul Alterptlyes Multiple knowledge

Estimate sources
Consequences

Stakeholder engagement




Stakeholder Workshops

Decision Workshop on
Watershed Mgmt Plan 2010

Historic Decisions Workshop
2012

Coral Reef Condition
Workshop 2012

Public Values Forum 2013

Bradley et al. 2013; Gregory and Gonzalez 2013

-- Informing the SDM process

Proposed management options
Systems (DPSIR) framework
Ecosystem goods and services

Decisions made outside of communities
Desire for local empowerment

Desire for equitable opportunities
Better enforcement of regulations

Objectives for management and regulatory
protection of coral reefs
Attributes and measurements for reef protection

Identify broader stakeholder objectives

Examine tradeoffs and consequences of decisions
Prioritize actions for achieving multiple values
Translate decision tools for community application
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—A plethora of issues

predation groundings
acroporids | sediment
, , contaminants symbiosis
shoreline protection _ .
tourism sclerag#f\a biodiversity

reef building corals

endangered species recreation

disease
climate change

coastal development

\ macroalgae
al acidification seagrasses
reef habitat 6 )
= m‘Sy plptodinium Diadema apex species
e@ > mangroves

com

marine products v aterqua“ty zooxanthellae scuba lelng
. harmaceutical products
beach sponges hurricanes P P temperature
replenishment herbivores
sewage treatment _
sea turtles

active radiation .
soft corals nutrients




Essential for understanding relationships and assessing tradeoffs

Driving Forces Pressurg N
Socioeconomic sectors and Human activities that

cultural factors that drive - place stress on the
human activities (causes) environment (pollutants)

/s~ |

Response State

Response of society to the - Condition of the environment

environmental situation (composition, distribution,
(policies, decisions) quality)

Impact
‘ Effects of environmental
degradation (changes in

attributes, services)
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— Coral Reef DPSIR Model

SEPA.

LEARN THE ISSUES =~ SCIENCE & TECHNOLOGY LAWS &R

[ Contact Us [@Share

You are here: EPA Home » Research » Reaflink Database
ReefLink Database
A Decision Support Tool for Linking Coral Reefs and Society through Systems Thinking

This scientific and managementinformation database utilizes systems thinking to describe the linkages betwean
decisions, human activities, and provisioning of reef ecosystem goods and services. This database provides:

+ Hierarchy of related topics - Click on tepics below to navigate to sub-topics or related topics
+ Fourkind s of information for each topic - Concept maps, scientific citations, management opticns, and laws
+ Three ways of searching for topics - Mavigate through individual conce pt maps below, or see the Whole

systems model or search for keywords from a Topic list.

For more infermation en how you can use this database, see the user's guide.

[ ] | ]

Concept Map

Concept maps (Cmaps) visually repesent relationships between concepts

- Identify which Socio-Economic Drivers create Pressures on the mef through hum an activities.

- Understand how Reef Ecosystem condition may impact Ecosystem Goods and Se rvices which be nefit s ociety.
- Idantify potential orreg ¥ s to reduce im pacts on environmental resources.

- Selact sub-topics or mlated topics to expand the Cmap and see more detailed infarmation.

| modify
& control

rmaintain
& restore affect
condition of

T~ impacts | Reef a
@vailability of Ecosystem

https://archive.epa.gov/ged/coralreef/web/html/index.html
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On-the-fly stakeholder input to DPSIR model-Agriculture
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On-the-fly stakeholder input to DPSIR model-Lagoon restoration
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How do mosquitos influence coral reef protection?

Restoration of Guanica Lagoon

e Town of Fuig has grown out
to edge of the lagoon
footprint

 Waterbody so close to town
will likely result in an
increase of mosquitoes

Town of Fui : . .
g Tradeoffs to consider for town inhabitants
Recreation and aesthetics vs. dengue,

chikungunya and pesticides




Goals:

|dentify stakeholder objectives across
the Guanica Bay watershed (not just
for corals)

Develop alternatives for achieving
those objectives

Examine tradeoffs and
intended/unintended consequences

Explore possible management actions
for achieving multiple values

Translate decision tools for future
application

Guanica Bay Watershed
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Stakeholder Alternatives

ALsa

Economic

Protect agricultural land
(Fully utilize potential?)

prees

« Reduce % fa

« Diversify crops

« Promote BMP

« $/Ha of production (by type of
crop)

« Salinity of soil

o farm production loss due to
land under water

elmplement development plans (?)
 Ensure continuity of plans
 Implement BMP incentives plan
» Ensure no net loss of agricultural
land

* Avoid practices that increase soil
salinity

 Improve mechanism for water
drainage (clean channels to
icrcascwater flow)

e
Ensure availability of

good quality water
supply (for agriculture?)

 Percentage of full capacity for

reservoir

«$ avoiding costs for building

new water infrastructure

« Percentage of catchment area
i Qwed sover(2)

» Dredge sediment from water
reservoirs

« Schedule maintenance of water
reservoirs

 Reforest catchment areas

‘Create morc job
opportunities

'« Number indirect and direct jobs
created

« Average § level of pay

«§ value added in local industry

'« Prioritize hiring needs

Assess private business

investment opportunities

« Develop re-training plans for
e

"Aquatic
ecology

Improve water quality
(in rivers and ocean?)

“Turbidity
#Solids in suspension
« Nutrients
« Coliforms

* Restore lagoon
« Monitor water quality before,
during and after lagoon restoration
» Educate community about (?)

« Convert Guinica WWTP to
tertiary

 Restore marshes ability to filter
sediments (?)

 Consistent enforcement of
Lsaulation

Foster healthy native
aquatic community

o Size

‘» Create and improve habitat
(where?)

e
Tmprove quality of Hic

related to water
resources use

'« Acsthetics: reduce visible wastc
« Reduce turbidity of water
 Number of people involved in
ccological improvements of the
watershed

« Ha (cuerdas) forested
 Number of recreation activities
 Number of recreationists

'« Reforestation
« Eliminate invasive aquatic
species

« Conserve soil

 Program to educate citizens and
industry on reduction and
recycling of waste

«Educate population about
importance of lagoon and marsh
ssolozical sepvices

Land ecology

Restore fauna and
habitat

« Index of species biodiversity
« Kilometers of ecological
corridors

« Ha habitat suitable for trust
species

"« Convert sun grown o shade.

grown coffee

« Establish riparian buffers

« Reforestation

« Forest enhancement

« Restore Gudnica lagoon

« Land acquisition for

conservation purposes

 Promote enhanced habitat for

trust species

« Consistent enforcement of

regulations

 Continue implementation of
,

‘Conserve soil
productivity

'« Percentage reduction in erosion
« Crop production in tons per ha.

"+ Promote sustaimable agricultural
practices

« Promote best management
practices

« Continue hydro-seeding

« Create state and private land
o

Reduce point and non-
point source of

« Sediments and nutrient levels
mg/L/IM?

« Identify point sources of
pollution

in
alsrshed

oC of

« Create green infi to
Jeatpunoff waters

Social

Promote education

—
« Environmental attitude survey
 Number of community members
acting in projects

‘» Promote pro-environmental

attitudes via formal and informal

education

 Implement adopt a beach

program

«Promote capacity building and in
choolsand

Tmprove health

« Percentage people connected to
PR Aqueduct and Sewer Authority
(PRASA)

« Census statistics

et
"« Increase in PRASA
 Conduct epidemiological studies
on key health issues

« Survey of home owners to
delerming stalus of Septic lapk

Promote sustainable
communities

« Number demonstration projects
 Number of community based
enterprises

 Number of community networks
 Number of conferences and
seminars in communities

'+ Conduct capacity building
workshops

» Create community coalitions
 Provide citizens access to
information

 Create opportunities for
enhanced public involvement
« Promote efficiency through

DLeller

Area

Values

Performance Measures

Actions

Economic

Protect

agricultural land

(Fully utilize
potential?)

e Reduce % fallow land

e Diversify crops

e Promote BMP

¢ $/Ha of production (by
type of crop)

o Salinity of soil

¢ $ farm production loss due
to land under water

eImplement development plans (?)

e Ensure continuity of plans

e Implement BMP incentives plan

¢ Ensure no net loss of agricultural

land

e Avoid practices that increase soil -
salinity

¢ Improve mechanism for water
drainage (clean channels to increase
water flow)

Aquatic
ecology

Improve water
quality (in
rivers and
ocean?)

eTurbidity

eSolids in suspension
o Nutrients

e Coliforms

e Restore lagoon

e Monitor water quality before, during
and after lagoon restoration

e Educate community about (?)

e Convert Guanica WWTP to tertiary

¢ Restore marshes ability to filter <~
sediments (?)

e Consistent enforcement of

regulations

Land
ecology

Restore fauna
and habitat

o Index of species
biodiversity

o Kilometers of ecological
corridors

o Ha habitat suitable for
trust species

e Convert sun grown to shade grown
coffee

e Establish riparian buffers

e Reforestation

e Forest enhancement

e Restore Guanica lagoon

e Land acquisition for conservation
purposes

8 e\

Social

Promote
education

¢ Environmental attitude
survey

e Number of community
members acting in projects

e Promote pro-environmental attitudes
via formal and informal education

¢ Implement adopt a beach program
ePromote capacity building and in
schools and communities

),



Stakeholder Alternatives

 Nutrients
o Coliforms

AL At
Economic Protect agricultural land | « Reduce % fallow land eImplement development plans (?)
(Fully utilize potential?) | « Diversify crops  Ensure continuity of plans
« Promote BMP  Implement BMP incentives plan
« $/Ha of production (by type of |  Ensure no net loss of agricultural
crop) land
« Salinity of soil * Avoid practices that increase soil
«§ farm production loss dueto [ salinity
land under water  Improve mechanism for water
drainage (clean channels to
icrcascwater flow)
Ensurc availability of ] * Percentage of full capacity for | ® Dredge sediment from water
good quality water reservoir reservoirs
supply (for agriculture?) | ¢ S avoiding costs for building « Schedule maintenance of water
new water infrastructure reservoirs
« Percentage of catchmentarea | o Reforest catchment areas
i Qwed sover(2)
‘Create more job « Number indirect and direct jobs | » Prioritize hiring needs
opportunities created Assess private business
« Average § level of pay investment opportunities
«$ value added in local industry | s Develop re-training plans for
e
"Aquatic Tmprove water quality | e Turbidity * Restore lagoon
ecology (in rivers and ocean?) | oSolids in suspension * Monitor water quality before,

during and after lagoon restoration
» Educate community about (?)

« Convert Guinica WWTP to
tertiary

 Restore marshes ability to filter
sediments (?)

 Consistent enforcement of
Lsaulation

Foster healthy native
aquatic community

o Size

‘» Create and improve habitat
(where?)

e
Tmprove quality of Hic

related to water
resources use

* Aesthetics: reduce visible waste
« Reduce turbidity of water

* Number of people involved in
ceological improvements of the
watershed

o Ha (cuerdas) forested

* Number of recreation activities
* Number of recreationists

'« Reforestation
« Eliminate invasive aquatic
species

« Conserve soil

 Program to educate citizens and
industry on reduction and
recycling of waste

«Educate population about
importance of lagoon and marsh
ssolozical sepvices

Land ecology

Restore fauna and
habitat

« Index of species biodiversity
« Kilometers of ecological
corridors

« Ha habitat suitable for trust
species

"« Convert sun grown o shade.

grown coffee

« Establish riparian buffers

« Reforestation

« Forest enhancement

« Restore Gudnica lagoon

« Land acquisition for

conservation purposes

 Promote enhanced habitat for

trust species

« Consistent enforcement of

regulations

 Continue implementation of
,

‘Conserve soil
productivity

'« Percentage reduction in erosion
« Crop production in tons per ha.

"+ Promote sustaimable agricultural
practices

« Promote best management
practices

« Continue hydro-seeding

« Create state and private land
o

Reduce point and non-
point source of

« Sediments and nutrient levels
mg/L/IM?
o C of

« Identify point sources of
pollution

in
alsrshed

« Create green o
Jeatpunoff waters

Social

Promote education

—
« Environmental attitude survey
 Number of community members
acting in projects

‘» Promote pro-environmental

attitudes via formal and informal

education

 Implement adopt a beach

program

«Promote capacity building and in
choolsand

Tmprove health

« Percentage people connected to
PR Aqueduct and Sewer Authority
(PRASA)

« Census statistics

et
"« Increase in PRASA
 Conduct epidemiological studies
on key health issues

« Survey of home owners to
delerming stalus of Septic lapk

Promote sustainable
communities

« Number demonstration projects
 Number of community based
enterprises

 Number of community networks
« Number of conferences and
seminars in communities

'+ Conduct capacity building
workshops

» Create community coalitions
 Provide citizens access to
information

 Create opportunities for
enhanced public involvement
« Promote efficiency through

DLeller

Area

Values

Performance Measures

ns

Economic

Protect
agricultural 1
(Fully utilize
potential?)

e Reduce % fallow land

e Diversify crops

e Promote BMP

¢ $/Ha of production (by
type of crop)

o Salinity of soil

¢ $ farm production loss due
to land under water

ement development plans (?)
e continuity of plans

lement BMP incentives plan
e no net loss of agricultural

id practices that increase soil
y

rove mechanism for water

wge (clean channels to increase
flow)

Aquatic
ecology

Improve watg

quality (in
rivers and
ocean?)

eTurbidity

eSolids in suspension
o Nutrients

e Coliforms

ore lagoon

itor water quality before, during
er lagoon restoration

cate community about (?)

vert Guanica WWTP to tertiary
ore marshes ability to filter

ents (?)

sistent enforcement of

tions

Land
ecology

Restore faun:
and habitat

o Index of species
biodiversity

o Kilometers of ecological
corridors

o Ha habitat suitable for
trust species

vert sun grown to shade grown

blish riparian buffers
brestation

pst enhancement

ore Guanica lagoon

d acquisition for conservation
ses

Social

Promote
education

¢ Environmental attitude
survey

e Number of community
members acting in projects

ote pro-environmental attitudes
mal and informal education
lement adopt a beach program
ote capacity building and in

Is and communities




-- Stakeholder discussion for
restoration of Guanica Lagoon

Objectives

Protect and
create economic
opportunities

Restore and
conserve the
land
environment

Restore and
conserve the
aquatic
environment

Promote social
& cultural
opportunities

Performance
Measure

S/hectare of crop
production

S of jobs created
Cost of water
infrastructure

Index of species
biodiversity

% reduction in soil
erosion

Water turbidity
Diversity of aquatic
life

# of recreation
activities

Hectares forested

Environmental
attitude

% people
connected to
wastewater
treatment plants

Current  Full lagoon 2008 Adaptive  Other plan
status restoration mgmt. mgmt.
plan plan
Predicted
consequences
from models or
expert judgement

N



Priority Actions of Stakeholders

10.

Land Ecology
Research opportunities
Improve river quality
Educate people near the
river
Monitor water quality
Diversify economic
opportunities
Improve infrastructure
Restore ecosystems
Recreation opportunities in
the watershed
Agricultural incentives
Co-management of
protected areas in
watershed

1.

Aquatic Ecology

Promote shade
grown coffee
Reforestation and
buffer zone
Promote BMP (soil,
water, sea)
Monitor water
quality in the
watershed
Education and
investigation about
drainage system in
Lajas valley
Educate public and
industry in
reduction and
recycle of waste
Education and
enforcement of
water laws

Economics
1.  Encourage more shade-
grown coffee and
reforestation
2. Establish riparian buffers

£

Restoration of lagoon
Dredge reservoirs and dist

&=

channels
5.  Restore drainage system
6. Promote citizens access to
information

=

Education programs to

promote sustainability

8.  Continue implementation
of GBWMP 2008

9. Create and implement
management plan for
marine areas of Guanica
Reserve

10. Promote land

management plans for

private landowners

en

10.

Social
Best management
and conservation
practices
Measure
effectiveness of
BMPs
Identify sources of
pollution
Law enforcement
No agricultural
land loss
Tertiary treatment
of sewage plant
Green
infrastructure
Reduce sewage
from septic tanks
Human capital
profile
Reefs economic
analysis



Scenario Preferences

Anonymous nonbinding voting by watershed stakeholders

Group 2: Aquatic ecology

20% 20%

15%
0,
14% e A0

4%

,

Promote shade Reforestation = Promote BMP  Monitor water Education and Educate public Education and

grown coffee  and buffer zone (soil, water, sea) quality in the investigation  and industry in enforcement of
watershed about drainage reduction and water laws
system in Lajas recycle of waste
valley

Gregory and Gonzalez 2013



A process to elicit and organize key stakeholder values
and relevant scientific knowledge for making decisions

Clarify the Strengths of SDM
Decision
Context | “~a e Facts and values
Implement Define * Multiple perspectives
Monitor & Objectives « ol
Review & Measures * Holistic

* Democratic
= Desiion * Flexible
Trade-offs Alternatives * Multiple knowledge
Estimate sources
Consequences

6

Value added scientific research
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— A high priority stakeholder objective

= |rrigation

" Flood protection

= Hydroelectric power
®= Drinking water

= Aesthetics

= Recreation

" Fishing

= Sediment trapping

Decline of 60 yr-old reservoir system
* Reservoirs are nearly 50% filled with sediment
o Reduced water storage capacity
o Reduced sediment capture capacity
* Increase in sediment discharge to downstream habitats,
including coral reefs



Decision Alternatives

Can we extend the longevity of reservoirs?

Alternative 1: Conversion of sun grown to shade grown coffee

e
¥ -‘-'»'\}ﬁ'\

Photos: USFWS

Adva ntages Disadva ntages
e Reduces topsoil loss e Costin time and money to replant
* Reduces water quality impairment with shade-grown varieties

* Reduces downstream effects on fish ¢ Marketing a new coffee that may or
and wildlife habitat may not be accepted



Decision Alternatives

Can we extend the longevity of reservoirs?

Alternative 2: Dredging sediment from reservoirs

Advantages
—_ * Increase drinking water availability
g IR O s * Improve water quality, aesthetics and
\\\ /;r\ie o Spillway recreation
T e f’ﬁ‘ﬂ ¥ * Increase flood protection and

hydroelectric capacity
* Increase sediment trapping capacity,
which protects downstream habitats

Tunnel Dutlet

Disadvantages

* Expensive

* Environmental damage
* Sediment disposal
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Assessing the sediment
contribution from coffee farm
erosion and the reduction in
sediment if farms were
converted from sun-grown to
shade-grown coffee
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Year

Annual Accumulated
Sediment

Estimating the loss of trapping
efficiency and the increase of
sediment discharge to
downstream ecosystems as the
reservoir fills with sediment
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Results of Bayes Analysis

-- Estimated life expectancy™ for Lago
Lucchetti under two decision scenarios

e -

Coffee conversion

No conversion 48 + 16
Partial Implementation 52+ 17
Full Implementation 56 + 18
Dredging
No dredging 48 + 16
50% of sediment 75+ 18
100% of sediment 81+ 19 *Life Expectancy=time
Combined until there is no water
Partial Implementation/50% dredge 79 + 19 stora'ge. capacity
Partial Implementation/100% dredge 85+ 18 fEnUEUE
Full Implementation/50% dredge 83+ 19

Full Implementation/100% dredge 89+18
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Useful Tools and Approaches

* Stakeholder engagement early and often to understand
objectives, alternatives and the changing decision landscape

e Structured Decision Approach to accommodate both
stakeholder objectives and scientific knowledge

* Systems Framework to provide transparency and to identify

unintended consequences

* Consequence comparisons to characterize tradeoffs across

multiple objectives

* Value added scientific research to provide information that

directly influences a decision

The views expressed in this presentation are
those of the authors and do not necessarily
represent the views or policies of the U.S.
Environmental Protection Agency.

Thank you
fisher.william@epa.gov
carriger.john@epa.gov
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