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Section 1. Executive Summary

T b JUIAEY \

Purpose

This watershed plan represents the culmination of the initial watershed planning process in Culebra—the
goal of the watershed plan is to help chart a course for the improvement of water quality and coral reefs
and to serve the goals of the citizens of Culebra. The process to complete the Plan has included: 1) a
baseline study that summarizes existing scientific information and background on the study area
(integrated into this report); 2) a stakeholder process that has included meetings with individuals,
agencies and a series of meetings with the public to establish goals and objectives for the watershed
plan; 3) fieldwork to establish water quality and coral reef conditions as well as the sources of pollution
coming from the land; 4) identification and prioritization of restoration opportunities including policy
changes, implementation projects and enforcement issues; and 5) completion of a draft and final
watershed plan.

Synopsis

Culebra is a small island off the northeast coast of Puerto Rico. It is home to 1,900 residents and is
approximately 11.6 square miles including the small adjacent uninhabited islands of Culebrita and Cayo
Norte to the east and Luis Pefia to the west. Culebra is a tourism destination due to its beautiful white
sandy beaches, scenic vistas, and coral reefs with marine life that are reachable from shore. Culebra is
home to some of the healthiest coral reefs in Puerto Rico, as well as a significant population of resident
and breeding sea turtles (Figure 1). In spite of global and local stressors, many of the reefs remain in
good condition, bolstered by coral farming and restoration efforts. As a result, Culebra is one of the top

priorities for coral reef protection and coastal management in Puerto Rico the watershed planning
process is a key first step (DRNA, 2013) (NOAA, 2009).

s

Figure 1. Near shore coral reef (left) area and a Green turtle inVCuIebra (right) (Photo credits: CESAM)

Culebra Community Watershed Action Plan 1



In this plan, it is important to acknowledge global stressors as well as local stressors to marine and coral
reef ecosystems. Global stressors such ocean acidification and increased sea surface temperatures
caused by increasing CO2 from fossil fuel combustion. The impacts of more frequent high sea surface
temperatures on coral bleaching can be minimized by reducing local nutrient and sediment stressors
(Vega-Thurber et. al, 2013, Wooldridge et. al. 2012). Local stressors include historical overfishing,
sediment, nutrients and bacteria from cleared land, stormwater runoff, and sewage contamination.
Culebra’s population, which is now at its highest level (Figure 2), is creating a peak in local stressors.
Fortunately, these stressors are also reversible through direct action and most stressors can be kept at
bay through effective protective measures and policies.
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Figure 2. Culebra population 1899-2000 (Adapted from PR Sea Grant, 2008)

The two most critical local stressors in Culebra are sewage and sediment: sewage from failing septic
systems, illegal discharges and (at least sometimes) a poorly functioning treatment plant; and sediment
from unpaved roads, impervious surfaces and bare soils. Addressing these two stressors, sediment and
sewage, through restoration and infrastructure improvements and preventing future impacts through
improved policies are the critical steps to ensure a sustainable future for Culebra. A focus on these two
parameters also helps to address other stressors including bacteria, heavy metals and PAHs
(hydrocarbons) summarized in Table 1.
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Table 1. Priority Pollutants in Culebra

Pollutant

Nitrogen, Phosphorus

Impacts

Eutrophication, algae growth,
enrichment beyond tolerance of
coral reefs.

Sources

Wastewater, fertilizers, stormwater
runoff, atmospheric deposition, boat
discharge

Deposition on reefs, effects on
sediment intolerant reef organisms,

Soil erosion, unpaved roads, channel

Sediment sediment particles leading to water erosion, poor erosion and sediment
temperature warming, pollutants control practices, African dust
attached to sediment particles.
Health related illnesses due to Untreated wastewater, sewage overflows,
Bacteria water contact, swimming, beach stormwater runoff, animal waste (from
closures, source of pathogens that pets, wildlife, and domestic animals), boat
effect coral reefs discharge
PAHs Toxicity to coral reefs , potential for Stormwater runoff from automobiles, boat

human health issues

engine discharge (2-stroke engines)

DDT, PCBs, Pesticides,
Heavy Metals and Legacy
military contaminants

Toxicity to coral reefs, potential for
human health issues

Legacy contaminants, pesticides for
control of insects and vegetation

The people of Culebra have helped chart a course to address local and global stressors and set an

example for Puerto Rico and the Caribbean for reversing impacts through achieving the goals and

actions recommended in the stakeholder process. In this plan, specific actions and costs have been

identified to reduce the sediment and nutrient stressors by over 40%. It is possible to meet these goals

with a reasonable budget and collective community action over the next 5-10 years.

Stressors

Culebra’s history certainly impacts and reflects the condition of its natural and marine resources today.

Historical activities have included extensive grazing and deforestation, military artillery training and

bombing, overfishing, tourism and urbanization. These have all impacted current reef conditions as

have more global stressors, including climate change (with bleaching associated with higher sea surface

temperatures), hurricanes and ocean acidification. The establishment of protected areas such as

Culebra National Wildlife Refuge, restrictive zoning and an active conservation populace, have acted to

minimize most potential impacts and threats from large tourism developments and over

commercialization. That said, the system is stressed and many reefs, including those at Flamenco

Beach, have declined to very little live coral cover and currently lack the resiliency to recover from

continued impacts.
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The greatest stressors to coral reefs, seagrasses, mangrove forests and other coastal habitats are from
existing and new development where impacts from stormwater runoff, dirt roads, land clearing, as well
as inadequately treated sewage and septic systems are apparent. lllicit discharges are common and
include washwater and direct sewage discharges to the Ensenada Honda and the Lobina channel. Even
the centralized wastewater treatment plant (WWTP) appears to be underperforming based on our
limited water quality data. Legacy impacts remain from military bombing in both terrestrial and aquatic
habitats. Historic land use changes, including forest clearing and widespread grazing for much of the
past century, has caused the loss of much of the older native dry forest and replacement by younger
secondary forest often dominated by invasive plant species.

Other general challenges for the island reflected in stakeholder concerns include the lack of freshwater
and food production, frequency and intensity of hurricanes and distance from mainland Puerto Rico
(Figure 3). Rural areas on the island generally secure water using individual cisterns and the urbanized
areas are served by a pipe from the mainland. During major hurricanes, tropical storms and times of
very high demand, Culebra may lose power and water for durations of up to two weeks or longer. The
island also has a very hot and dry climate with predominantly thin rocky soils with no perennial
freshwater streams, only intermittent streams (quebradas), which carry runoff during rain events. The
lack of food production also serves as a challenge to Culabrenses and poses a risk during major storms,
work stoppages in major ports or other factors that limit transport of food to Culebra.

In general, Culebrenses are a very resilient, adaptive, strong-minded and independent people who used
non-violent protests to force the military to leave Culebra in 1975. They have lived through major
hurricanes, military dislocations and challenges associated with being relatively isolated from the
mainland of Puerto Rico.

Process

The Plan is written to meet the Environmental Protection Agency’s A-l Criteria for watershed planning in
order to strengthen the competitiveness for funding sources (EPA, 2008). The criteria helps the plan
process to: prioritize projects and actions, calculate costs and benefits, identify funding sources and
present a monitoring strategy. The A-l Criteria for watershed planning are as follows:
a. ldentification of the causes and sources that will need to be controlled to achieve the load
reductions estimated in the watershed plan (Table 1);
b. Estimates of pollutant load reductions expected through implementation of proposed
management and restoration measures (Section 5, Table 9);
c. A description of the management measures that will be to be implemented (Table 3 and Section
4);
d. An estimate of the amount of technical and financial assistance needed to implement the plan
(Table 3);
e. Aninformation/education component that will be used to enhance public understanding and
encourage participation (p.7 and Table 1);
f. A schedule of NPS management measures (Section 5);
g. A description of interim, measureable milestones (Section 5, Table 9),
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h. A set of criteria to determine load reductions and track progress (Section 5, Table 9); and
i. A monitoring component to determine whether the watershed plan is being implemented

effectively (Section 5).
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Pollution Source Estimates

A watershed pollutant model was constructed for some of the key priority pollutants in Culebra, with a
focus on nitrogen, sediment and bacteria. The model was based on the Watershed Treatment Model
(WTM), which uses typical pollutant estimates for the different land uses in Culebra, such as forest,
cleared land, dirt roads, paved roads and developed areas including commercial, institutional and
industrial land uses (modified from Caraco, 2002). Information from Ramos-Scharron 2009, and
information collected during our fieldwork and water quality monitoring was used to help populate the
model. Appendix A-4 summarizes land use input assumptions and land use coefficients derived from
2010 aerial orthophotos that were used as inputs to the model. Output from the model helps to
prioritize and focus actions to reduce the pollution to coastal areas in Culebra.

Figures 4 and 5 illustrate the sources of nitrogen and sediment in the watershed based on the model
output. Septic systems (including direct sewage discharges to Ensenada Honda and the Lobina channel)
are the largest source of nitrogen in the watershed, followed by forested areas and the sewage
treatment plant. Other sources of note are paved roads, dirt roads and very low-density development.
For sediment the major sources include dirt roads, forested areas, channel erosion, paved roads and
cleared roads. It is important to note that on a per acre basis forest/fields (63% of the land use of
Culebra) produces the least pollution of any land use, so few strategies are available to achieve further
reduction — though where coastal lagoons are located they often intercept water from diverse land uses

and improve water quality.
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Figure 4. Nitrogen Source Estimates in Culebra using the WTM (HDR and MDR refer to High and Medium Density
development) (Sturm et. al, 2014)
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Figure 5. Sediment Source Estimates in Culebra using the Watershed Treatment Model (Sturm et. al, 2014)

Stakeholder Goals

A critical component of any watershed planning process is involving the local stakeholders in the

development of a watershed plan. Ultimately it is the stakeholders who will determine if the plan is
implemented and can help hold public officials and agencies accountable to ensure the watershed plan

is implemented. As part of the stakeholder process (Figure 6), stakeholders including the Mayor,

residents, community leaders, NGO’s, municipal officials, and business owners were asked to discuss

their goals for the watershed and vision of the future of Culebra.

The stakeholder goals from the four breakout groups are as follows and will be used to help focus the

watershed recommendations:

1.

L o N oUW

O S G
w N R O

Control erosion

Plan reforestation — urban, rural and new development

Communication —improve communication between sectors and teamwork
Reduce contamination of sewage and septic systems

Address contamination from the landfill

Increase natural history education in Culebra

Increase the use of renewable energy

Preserve more land for conservation

Culebra to be a model for implementation and restoration in Puerto Rico

. Environmental practices and policies to safeguard the natural resources of Culebra
. Self-sufficiency

. Ensure streams and watersheds have natural filters

. Foster sustainable agriculture

Culebra Community Watershed Action Plan




14. Identify funding sources
15. Training for machine operators and planning for erosion and sediment control

16. Maintenance sediment and erosion control measures and prevention of disturbance

Figure 6. Stakeholder Meeting; Small Groups Setting Goals and Priority Areas

Values / Priority Areas

Priority areas and values expressed by stakeholders during the goal discussions were recorded, as values
can serve as a way to unify and clarify the vision of the community across political and social boundaries.
Self-sufficiency, education, the natural legacy/heritage of Culebra and the idea that Culebra should be a
model of sustainability and effective management for Puerto Rico and the Caribbean, were the core
values expressed by stakeholders. These core values can serve as a focal point for decision-making and
addressing future challenges.

Information on priority areas and areas in need of further assessment were also gathered from the
stakeholders. Table 2 summarizes some of the priority areas identified for implementation by the
stakeholders. These included dirt roads, waste disposal (homes, boats, businesses), recycling and
education.

Table 2. Priority Areas for Implementation Identified by Stakeholders

Priority Areas ‘

Dirt Roads Green Infrastructure(Gl)/ Gl Development
Boats and waste disposal Solar energy

Residential connections to the sewer system Education about contamination

Recycling / compost Engage and involve students in activities
Nursery — Native Reforestation

Culebra Community Watershed Action Plan 8



Recommendations

Prioritized implementation recommendations for the Culebra watershed are summarized in Table 3.

Preliminary cost estimates and potential responsible parties have been identified so that financial

resources can be allocated and roles in implementation can begin to be defined. It is important for the

community to play as large a role as possible in the restoration/implementation plan. The long-term

sustainability of Culebra requires stakeholder involvement, as well as a multi-faceted approach that

includes improved management, communication, implementation, education and protection of

watershed functions. The multi-faceted approach is estimated to reduce nitrogen to the coastal areas in

Culebra by 45% and reduce sediment to the coastal waters by 41% plus help to minimize future

increases in these pollutants. This approach strives for permanent protection and attempts to minimize

long-term costs by implementing proactive, preventative solutions.

This method is not inexpensive, the estimate is $250,000 -$300,000 a year (a portion of which has been

secured over the next two years) over 5 years and increases significantly when critical infrastructure

projects are included (e.g., the landfill and connections to the WWTP) as well as significant investments

in land acquisition or a conservation easement program. Long-term protection of water quality,

fisheries, quality of life and biodiversity have quantifiable community benefits, creating jobs and helping

to ensure the long-term economic and ecological prosperity of Culebra and its quality of life. The annual

economic contribution of coral reefs is estimated at $500,000/per square kilometer per year in the

middle Caribbean and coastal mangroves are valued at $200,000 -$900,000 per square kilometer

(UNEP,2006). Therefore, the annual benefits of restoration and protection far outweigh the costs.

Another key component of this watershed plan is measuring and monitoring the success. In Culebra,

this consists of monitoring the effects of management measures on dirt roads, WWTPs, and on water

guality and coastal resources (i.e., fisheries, coral reefs, sea grass beds). This will enable effective

adaptive management and outcome-based implementation that achieves long-term protection and

preservation of resources and a healthy economy.

Recommendation

Table 3. Culebra Watershed Implementation Plan Recommendations
Goals

Met

Description

Approximately 5 miles of road are high
priorities for stabilization and some dirt

Potential Sponsor/
Partners

Estimated

Sewage Treatment
Plant

zero discharge system (2-3 PT jobs or 1 full
time (FTE) job)

1. Reduce erosion and | 1,2,6, roads remain un-assessed due to access $150,000
. . . EQB, DNER, NOAA,
sediment runoff from 9,10, issues (Funds for 1.5 miles have been USEPA, PC/RTR +$20,000 yr
roads 15,16 secured) (2-3 part-time jobs (PTE) for ! maintenance
Culebrenses created) (Related projects
shown in Figure 7)
2. Improved sewage Improve and make use of the treatment
RS EI wetlands — recirculate and reuse effluent $75,000 +
rEEnEEe el naEE i S using a sprinkler irrigation system to create a ey MEIAT $5060/ r
effluent at the Culebra | 10 S & i NOAA, PC/RTR, EQB g

maintenance
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Table 3. Culebra Watershed Implementation Plan Recommendations

Recommendation

Goals

Description

Potential Sponsor/

Estimated

3. Improved

Met

Connection to sewer or the use of

Partners

ACDEC, PRASA, PR

$600,000 - S1M

treat t of |
ar:; vr\:;iﬂw(:\t(sa(:\g:ge 3,4,9, composting toilets and washwater gardens Tourism Company, 2 uesrational
Flamenco Beach and 10 to minimize impacts to the marine PC/RTR, USDA RD, ch:sts of DUMDS
environment at Flamenco Beach EQB, USEPA . pumps,
apartments service cost etc
Policies and training in place to limit
clearing, pre§ervat|on of buffers, require and $15,000 and 1
4. Address runoff and 126 enforce erosion and sediment control and ACDEC, PC/RTR, FTE at ACDEC
erosion and sediment 9’1’0 ! stormwater management (requires DNER. Legislative for
control from new T institutional authority for fines) and training | Commission of
15,16 . enforcement
development for the staff person (Restoration and Culebra .
. . . and training)
Enforcement Coordinator) (Funding to assist
in the creation of policies) (1 FT job)
Implementation of 10-15 green
5. Treatment of 6,9,10, | nfrastructure practices (One project ACDEC, PC/RTR, $350,000
stormwater runoff 12 complete funding secured for at least one Tourism Comban
additional project) (2-3 PTE for 5 yrs) (See pany
Figure 7)
Rapid expansion of restoration efforts to
include other coral farming areas and out SAM, Coralations,
. plantings areas in Culebra (possible to CESAM, students $100,000
6. Expansion of coral
. 3,6,10 | expand protected areas and also to further and local annually
restoration efforts . . .
engage the community in restoring coral and | community, DNER,
to evaluate designating a restored area for NOAA
Culebra fisherman) (1 FTE)
7. Development of Selling of conservation products to assist
long-term funding with a funding source, surcharge on ferry,
sources for 811 flights, etc. to go back into conservation CESAM, PC/RTR, $5,000
restoration/ ! efforts (e.g., interpretation, education and SAM, DNER, ACDEC !
management and communication to DNER for enforcement at
protection Tamarindo and other high use areas)
PRASA, USEPA,
8. Connection of Connect businesses and residences to the USDA RD,
businesses and homes | 4,9,10 | sewer line so that sewage is adequately Businesses, PC/RTR, | $200,000
to sewer conveyed to the treatment plant (1-2 PTE) Coralations,
Municipality, EQB
9. Address sources of . N
ollution includin Continued monitoring and enforcement and | PC/RTR, USEPA, $20,000 +
.p. . g 49,10 | working directly with businesses and CESAM, SAM, DNER, | $5,000 annually
illicit discharges and . . o
s . homeowners on improvements Coralations, EQB for monitoring
failing septic systems
10. Support small- Support implementation of small scale solar
scale renewable and wind at individual homes, airport, guest | USDA RD, PC/RTR,
energy efforts/ houses etc — train Culebrenses and others to | AEE/PREPA, local $100,000
support designation of | 7,11 help transition to these jobs, reduce use of businesses and initia:cion
green businesses, fossil fuels impacting ocean acidification and | home owners, PR
ecotourism, guest reduce energy costs for residents and Tourism company
houses businesses (1-2 PT jobs potential for FTE)
Culebra Community Watershed Action Plan 10




Table 3. Culebra Watershed Implementation Plan Recommendations

Goals

Potential Sponsor/

Recommendation Description Estimated
Met Partners
Convene a taskforce to evaluate the current | PR Sea Grant, Board
and needed level of enforcement/ of Luis Pefia Marine
11. Improved
A — management -- study and document Reserve, UPR RP,
site Srsonnel ~ 3,6,9, improvements, evaluate the carrying SAM, CESAM, $100,000 +
P . . 11 capacity of various beaches and consider Coralations, DNER, $30,000 yr
restoration of fish and L .\ L
urchins species etc limits; evaluate / create a position for the Association de
P ’ restoration of grazer fish and urchin species | Pescadores de Isla
(1 FTE) de Culebra
12. Education and ) $15,000 (may
. Development of curriculum on the natural .
curriculum on the . Schools, teachers, include the
. resources and natural history of Culebra, , .
natural history of adult and familv led trips to different areas Eco-school, Abby’s commission of
Culebra and educate 8,11 . y . . . ’ school, USFWS, a field guide) ,
. ) provide education via gateways at airport . .
tourists on the marine . 8 . Coralations, NOAA, Ecological
. . and ferry terminal/ferries. Creation of an
environment and their Ecological Education Center for Culebra DNER, ACDEC Center >
responsibilities & : $150,000
13. Address nutrient
loss from large septic Implementation of nutrient reduction
systems including technologies to reduce loss of nutrients in
Costa Bonita, large 3,4,9, these areas — monitoring can inform PC/RTR, USEPA, $100,000
homes on fractured 10 locations for implementation which may EQB, DNER !
soils with year-round include Costa Bonita, Flamenco and Bahia
use, and Flamenco Marina (2-3 PTE)
guest houses
Isla Mujeres, PC,
USDA/ NRCS, local
14. Support small- - / oca $60,000 to
. Support the self-sufficiency and food restaurants, S
scale community 13,14 . . initiate on-
agriculture security of Culebra community, PR Dept oing efforts
& of Ag., MaryAnn going
Lucking
Close, decommission and stabilize the
15. CIose.ar.md . landfill site, reducing potential for' future ADS (PR Solid Waste S8M (Money is
decommission landfill leachate problems, recycle a portion of . supposed to be
. L. . Authority), ACDEC,
reducing its long term | 10,14 existing trash and look to create businesses L allocated by the
. . Municipality, DNER,
impact on the that create products, set high standards and current PR
. . . ) USEPA, EQB . .
environment effective programs for recycling island wide; administration)
ensure local job creation
Identify areas likely to be most impacted by
16. Reduce impact on hurricanes, tsunamis, tropical storms and
coa;stal Jone anpd 349 coastal flooding — phase out most vulnerable | Municipality, FEMA,
roperties in hazard 1’2 = structures, hold roundtable in Culebra to DNER, UPR, PC/RTR, | $5,000 planning
zrezfs (see #17) address climate risk for health and water NOAA
contamination (Consult NOAA Sea Level Rise
Estimates and PR Tsunami maps)
DNER, Land Trust,
17. Long-term Create a plan for conservation of lands that zﬁiel\gfam;&?l?ezf $5,000 planning
protection of sensitive | 8,9,12 help ensure the long-term health of the ! ! S5M for

lands

marine environment in Culebra

Grant, NOAA CELP
Program,
Coralations

implementation
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Table 3. Culebra Watershed Implementation Plan Recommendations

Recommendation

Goals

Met

Description

Potential Sponsor/
Partners

Estimated

18. Accelerate the
identification of

Raise awareness and a petition drive to
accelerate the timeframe of the cleanup

Community groups,

unexploded/spent ?'110’ operations and advocate for the cleanup of Army Corp of $5,000 planning
ordinances; protect federal lands which are currently excluded Engineers
impacted lands from cleanup efforts
19. Reduce impact of Institute a pump out program creating a
sewage from moored/ | 3,4,6, local business and ensure there is adequate DNER, PRASA, local $30,000
transient vessels (busy | 9,10 legislation and mechanism for enforcement | businesses ’
weekends) (Harbor Master) (1 FTE)
. Foster ecologically sensitive development

20. E.n'V|ronmentaI|y and re-development which minimizes the ACDEC, Legislative
sensitive growth and 1,2,3, . .

impact of the ecosyste