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ABSTRACT

The Department of Natural and Environmental Resources of Puerto Rico has installed over 270 mooring
buoys in seagrass, coral, and mangrove regions with the anticipation that they will curb boatingedama
and allow these natural environments to recover. To streamline buoy management, our group
constructed a Geographic Information System databa$aiscontains data we gathered at each buoy
concerning its exact GPS location, condition, the recoveryhefenvironment it is protecting, and
observations of boating trends within the region.
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EXECUTIVE SUMMARY

In 1990, the Department of Natural and Environmental Resources (DNERrtaf Rico began
the Marine Buoy Programm an effortto protect the offshore ecosystems that are constantly being
damagedby harmfulboating practices.The Marine Resources Division of the DNER installs and
maintains the mooring buoysvhichare permanetly anchored buoyhat allow boaters to moor
without damaging the seafloor. Prior to our project, there were 270 mooring buoys off the coast of
Puerto Rico whose exact location, current condition, and extent of use were relatively unkiiowen.

DNER wasnsure of the effectiveness of thgirogram;to remedy this we created a Geographic

Information System (GIS) databasthe databas®2 y i Aya | OFGFf23dzS 2F (G(KS

O22NRAYIGS& Ay IRRAGAZ2Y (2 AYT2NMhesafthg NBE I NRAY 3

surrounding environments, and observationgloé boating activities and traffic in the area.

We traveled to different areas around Puerto Rswothat we coulctollect a representative
sample of the buoys surrounding the island. e Worded our data using a Trimble GPS transponder,
which is a handheld GPS unit with the ability to store locations and record our observations in editable
datasheets.When wetraveled tothe mooring fieldswe Ol G f 2 3dzSR S| OK o0dz22 & Q&
discoveredhat the buoys were all installed on the lee side of the islands and cays. The lee side
corresponds to the Puerto Rican side of the surrounding islamikcontains delicate coral and
seagrass ecosystems. Interviews conducted in situ provided anothssnes to why the buoys were
placed on the Puerto Riaside of the islands: boaters would rather anchor closer to the Puerto Rican
mainland than waste time and gasoline to circumnavigate the islands. The sheltered waters also offer a

safer environmentdr other aquatic recreational activities, especially for children.

In addition to recording the locationgje analyzedhe conditions of the buoy® discerntheir
maintenance needsUsing the Trimble, we recorded the level of damage for each of the(®doy
components. We found that the conditions of the buoys were generally a good indicator of the
popularity of the sitethe more visited locations haa greater number obuoys with deteriorating
components.However, at more remote locationdi¢ most pevalent damage that needed to be
addressed was the accumulation of excessive marine flora and fauna on the lines and budydz2hé Q a
downline which attaches the buoy to the anch@grves as a beneficial microenvironment where many
species flourish witbut competition from other seafloor inhabitants. However, when this environment

ascends to the buoy and the pickup line, these componbat®meweighed downand sit lower in the

t

20



water. This leads tan increase in damagespecially to the pickup linas boaters will frequently run

over these com ponents.

To determine whether the Marine Buoy Program alleviates damage to the environment, we
assessed the surrounding marine ecosystems: coral, seagrass, and mangroves. With one etteeption,
areas that hebored coral showd no signs ofecent damage However, due t®© 2 NJorfg f2&overy
time (25100 years), we were unable to observe much growth in hard coral environméittsough we
have not seen hard coral recover, we have seen that seagrass re¢movesyvary drastically with depth.
There is more damage in shallow water than deep watetdamage to seagrass in deeper water takes
longer to recovegnine years.Unlike the other environments, angrovesshowed no obvious damage
in the areas inspectedchowever our schedule did not allow us to return after a major holiday weekend
to examine the damage accrued from boaters. Aerial photographs taken dhérwlidaydepicta

large number of crafttying to themangrove rootswhich could cause damage their root systems.

We identified activities boaters conducted at the mooring buoyghprimary buoy uses.
Fromour observations, we discovered the majority of buoy users wistdgng, swimming, snorkeling,
sunbathing, osocializing.Unfortunatdy, mostof our fieldwork took place during normal business
hours, so aerial surveys were used to revealleekendpopularity of thesiteswe visited. Through
these we found thamany of the boatersvho tied up to the buoysvere using the system incorcty.
These boaters were acting in a way that could damage the mooring beayell as the surrounding
ecosystemsby not tying ther own line to the pickup linezonnectingto other boats, or dropping anchor
in addition to being moored at the buoysromthe surveys, we discovered thahly a small perceiaige
of the boats were actually using the buoys properly, if at all. This is because most boaters are drawn to
the nearshore areas of shallow calm water. Here, they can anchor in the sand of the beaihing

the fines for dropping anchor on reefs or seagrass, wdtileremaining close to shore.

Ouranalysis of boat traffic around the buoiok into acount all theboats in the general
vicinity. Thesedata came from a combination of our observationsldnK S 5 de@als@&eys. During
the week,we found the dominant boat type to be commercial ferries. Aside from these crafts
transporting people back and forthetweenislands, there were only a few small to mediusized
recreational boats on the wate The aerial surveys show that, unlike weekdays, the holiday weekend
brought many recreational crafts treas supported by mooring buoy¥he sheer number of boats
indicatesthat the influx on weekends is too great for the current number of mooringysuohandle.
Althoughthere are not a sufficient number of buoys to handle the holiday traffic, enough buoys should

Xi



be installed to accommodate the average weekanitux. With protection against average weekend
boating traffic,the surrounding ecosysmswould be able to recover more fulbetween holidays A
problem that we have noticed, though, is thatmsetimes the mooring buogannotprovideadequate
protection because the boats ateo large to use the buoy and are forced to drop anchor, dantagie

ecosystem.

The GIS database that we constructed contains the information collected regarding the Marine
Buoy Programand will aid the DNER in protecting the marine environments around Puerto Rico. With
this database, the DNBRII be able to betér organize and plan maintenance schedulasthe buoys
that manage the surrounding environmentBecause of the buoys, damage to the seagrass, soft coral,
and mangroves is greatly decreased, and, even if taegenot sufficient mooring buoys for allgh
boaterson weekendsthere are enough during the week to allow Heecosystensto begin to recover.
Another patternwe discovered is that areas subjectheavytraffic sustain a significant amount of
damage to ecosystems and mooring buoys alikddtionally, because there has not been significant
evidence of hard coral recovemhe effectiveness of the mooring buoys pertaining to hard coral is

unknown

Based upon our findings, we recommethat buoys in popular locations be ne@mined
following mgor weekends. This will allow the DNER to simultaneously check the conditions of the buoys
and the environmental impact of the large influx of boaters. The GIS database should also be regularly
updated with the currentonditions of both the buoys and éfsurrounding ecosystemalong withany
additional information.We also believe that Bmited view of the database should be published on the
5 b 9 webaite, tobe available for public access. Another itet use our database to expand the
G! Bt dz2 @ ¢ LINE I NIsWK S g KWz0 K A kdbyl Rupcduldde® thdisgonsors
performing a more active role in the cleaning and maintenance of their buoys. In following these
recommendationsand with continued attention to habitat restoratigmaintenance of the buoys, and

regulations of boating practices, the marine environments around Puerto Rico should see a full recovery.
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CHAPTER1: INTRODUCTION

As global awareness shifts toward the reality that humans are causing major environmental

(National Wildlife Federation, 2007 50me private companigs an effort to preserve the environment
have given money tendangered terrestrial zones and in some instances use these areas for their
mutual gain as nature tourism sit@sloreno, 2005) On an island such as Puerto Raguatic tourism
can be a strong source of revenueaking the benefits of preserving marine ecosystems both

environmentally and economically sound.

An example of an environment providing both ecological and economic gain is the coral reef.
The collective coral reef systems of the world provide a homever half a million different species
and have more biodiversity than the summation of the rest of the océ8palding, Ravilious, & Green,
2001) These ecosystems, among the most productive on the planet, cardpvaluableresourcego
mankind when properly maintained. If gathered in a responsible manner, the fauna in one square
kilometer ofareef ecosystem can supply all of the protein 300 people need fotaagay living
(Jennings & Polunin, 1996Reefs can also be a valuable assetifetourismindustry. Activities such
as suba diving, snorkelingindboating can all bring revenue to local businesses. Other environments
such as seagrass and mangrq¥asction symbioticallywith coral reefsand can providesimilar benefits

for the community.

Seagrass enriches the biodiversity of the waters and provides a unique commercial venue.
Within this habitat there exist numerous creatures thae the vegetationdr shelter and sustenance.
Marine grass ecosystems reduce current speeds and wave intensity, which creates a more hospitable
environment for its inhabitantsThisreduction of current velocity by the floran combination with a
complex root systenreduces aquatic erosionThe roos also redistributenutrients, whichallows for

certain fish and shellfish to flourigfsullstrom et al., 2002)

Due to the large number of boats registered in Puerto Rioohardamagehas becomene of
the major causes of devastatioio seagrass andoral;however itcan be successfully abated with the
use of mooring buoyfJ.S. Dept of Homeland Security & United States tGaaard, 2008) Surrounding

the island of Puerto Rico, the Department of Natural and Environmental Resources (DNER) has installed



over 270mooring buoys in sensitive marine floor environments to combat the damage doneabyno

anchors.

At the commenement of our project, he exact locationcondition, and extent of use of these
buoyswere unknown. The exact GPS coordinates of the anchor pin are netfatilitate
reinstallation of a buoysincethe pin is hard to locate even when given a generaitmn. Following
installation, onditionswill often varybetweenbuoys, making it important to knowhe currentlevek of
damageso thatthe DNERcanperform maintenance in a timely manneAdditionally, knowledge ahe
distribution and concentratiolf marine trafficis required for the DNER provide convenient mooring

sites.

The goal of our projeat/as to create a Geographic Information System (GIS) database
containing clear and updatable datagarding the mooring buoys surrounding Puerto Ritinis
database was completdaly addressing the following objectives: obtaining complete information on the
locations and conditionsf the mooringbuoys,assessing the surrounding ecosysteidentifying
boating activities that are conducted at the buogsd analyzing boat traffic ThisGIS databaswill
provide the basis for future projects of the DN&Rwell as a valuable reference regarding the mooring

buoys.



CHAPTER 2BACKGROUND

In constructing a GIS database of the mooring buoys around PuedpaRicmber of elements
are needed to understand the methods employed. These elemento#zoan insight to the
importanceto our project Coral reefs and seagrass are the primary environments that the DNER is
trying to protect frommarinedamage. While most damage cannot be controlledporing buoys may
be a solution to helpingoraland seagrasw recover by lessening the negative impact of humahtss
important to know who advocates for the protection of the ecosystewth mooring buoys and wh

uses the ecosystems for thdienefit.

2.1 Coral Reefs

The coral reef is a very important ecosystem that is made up of a plethora of organisms, each
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2.1.1 Location and Extent

A coral reef is a collection of coral organisms that have come together to live in a large colony.
The coral polyps that do néive in these colonies can be found all over the world. Aside from the coral,
many other organisms live in the reef
because of the shelter and food it

provides(Spalding et al., 2001)

One might think that due tthe
sheer magnitude of species that live in the B
coral reef that reefs occupy a large ocea
area, but they only represent 1.2% of the
continental shelf and 0.09% of all the
oceangSpalding et al., 2001)Coral can

be found all over the ocean at any depth, g

but coral reefs are almost exclusively

Figurel: Hard and Soft Coral

found in warm shallow coastal waters.
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2.1.2 Importance

Despite the small amount of ocean floor covered by coral, there have been more than sixty
thousand species classified. However, it is estimated that there are about a half million to two millio
plant and animal species living in coral re@floberg & Folke, 1999; Spalding et al., 200Rgefs

provide a safe place and sustenance for their inhabitants to spawn, mature, and breed.

Besides being a home to many different species, coral reefs have other attributes as well, such
as providing various resources for a large commui8palding et al., 2001)This community includes
pharmaceutical companies, tourists, commercial fisheem, and aquariumgMoberg & Folke, 1999)
Pharmaceutical companies have researched the use of seaweeds, sponges, and other life forms located
on the reef to produce useful sulaices that can be used in anticancer or Ailidfibiting drugs
(Moberg & Folke, 1999; Spalding et al., 2004)few examples of recreational activities that tourists and
locals participate irand around the reef include scuba diving, snorkeling, amidnming Another use of
the reefs, commercial fishing, provides ten percent of all fish that are consumed by humans. Coral reefs
also fuel the marine aquarium industry; the coral and many ofsihecies that inhabit the reef are

caught and sold to many aquarium enthusigdt®berg & Folke, 1999)

2.1.3 Interactions with Surrounding Ecosystems

Besides providing these resources, coral reefs also protectdhsts that they surround. The
islands in the Caribbean are constantly hit by hurricanes and tropical s{@padding et al., 2001)The
coral reefs bear the full brunt of these attacks. They also protect thedslfrom waves and currents.
Without this protection, much of the land would erode into the océltoberg & Folke, 1999)Even the
beaches receive their sand from the coral reéfispugh the process of erosiqi$palding et al., 2001)
Furthermore, the mangrove ecosystem in Puerto Rico tends to grow in coral cays. These cays protect
the mangroves and the seagrass, thus protecting valuable juvenile habitat of many 8 $ @ a T I dzy |
(GarciaSais et al., 2008)In return, mangroves trap unwanted runoff, which left unhindered, would
devastate both seagrasses and coral reefs in the area by blocking sunlight to the marine ecosystems

(Moberg & Folke, 1999)

Ultimately, coral reefs are part of a delicate balance between many other ecosystems. Humans
use the reef for its many resources, while marine life relies on it for its shelter and abcadh

sustenance. Without coral reefs, islands in the Caribbean would be left defenseless from the brute force



of Mother Nature. While these ecosystems are very small and confined to very specific locations in the
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2.2 Seagrass

Seagrass beds are another ecosystem that can be found off the coast of Puerto Rico. Seagrass is
a group of flowering underwater plants that have evolved to the point where they can now live fully
submerged in s&s across the worl(Drth et al., 2008 tKSe@ N’ O2yaARSNBR G2 o
SYIAYySSNEZ¢ YR LINRPOGARS vy dzy SanditeperdiitsiPmilelaly G a8 SNIDA O
2006)

2.2.1 Location and Extent

Seagrass is estimated to cover 10% of coastal ocean floor, or about 0.15% of the global ocean,
making its total area comparable to other important ecosystems such as coral reefs, macroalgae, and
mangrovegHemminga & Duarte, 2000Different varieties of seagrass are located all around the world,
living in all but the most polar waters and can be found off the shores of every continent except
Antarctica(Orth et al., 2006Hemminga & Duarte, 2000Even with the beds covering such a small
portion of the ocean floor, it still makes up 1% of the total biomass of marine pleet®ringa &

Duarte, 2000)

While seagrass is found in many different parts of the world, most species live in similar
environments. This is because they all share the need to have an abundant supply of sundagting
that the depth of water in which sgmass can live is limited by the amount of sunlight available.
Seagrass also requires a good substrate into which it can extend its roots, such as sandy or muddy
sediment, although a few species of seagrass can grow on rocks. Along with needing ®tbe abl
penetrate the substrate, seagrass requires the toxicity of the area it is growing in to be reasonable. Not
all seagrass is created equal though. Some species can actually grow in intertidal areas where they are
exposed to both air and excessive amtaiof sunlight. This type of seagrass can grow much closer to
shore than some of its cousins. Because it is not always subméaged.can onlyforageduring high

tides (Hemminga & Duarte, 2000)

2.2.2 Importance

Seagrass is important to all varieties of marine life, both big and small. Fish and invertebrates

find food and shelter in seagrass meadoviheyare found in much larger numbebgcause this area
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allows forimproved chances of maturing when coarpd to areas without vegetatiofL arkum, Orth, &
Duarte, 2006) However, this does not mean that seagrass is a safe hdnéact, seagrass provides an
important foraging habitat for mobile predators such asri&isavarious fish, and raydt also can

provide formore docile creatures such as sea turtles, dugongs, manatees, and many different kinds of
fish and invertebrategJackson et al., 20015eagrass is soartant to its inhabitants that in 1930

when there was a largsecale loss of seagrass to disease in the North Atlantic, it resulted in the only
known extinction of a marine gastropd®rth et al., 2006) Along wih the extinction, there was also a
collapse of scallop fisheries and a
decrease in waterfowl numbef©rth
et al., 2006) It is the richness of
seagrass that allows such diverse
marine life to flourishand whentis
absent from the marine environment

the effects are felt all over.

While seagrass is important to
marine life, one should not forget that

it is also a vital part of the global

community. It provides resources that

Figure2: Peacock Flounder Swimming in Seagrass

help both local populations neahé

seagrass but also the overall well being of the plg@atlistrom et al., 2002) Seagrass produces an
impressive amount of resources for its relatively small biomass. In terms of size versus primary
production, seagrass is much higher than many terrestrial forests and grasslands, and more than 10

times greater than coral reef$iemminga & Duarte, 2000)

Most of the carbon produced by seagrass is deposited irstineunding sedimentmaking
marine meadows carbon sinkholeeat containabout 15% othe total carbonstoredin marine
ecosystemgHemminga & Duarte, 2000)Seagrass actually traps nutrients and carbon,esofwhich
gets picked up in currents and carried to deep sea environmghése there are fewer nutrients (Orth
et al., 2006) While storing carbon is important to the environment, seagrass also plays an importan
part for fishing, both commercial and recreational. Many recreationally and commercially important fish

and invertebrates spend at least part of their life in a seagrass hdh#atum et al., 2006)Because



certain types of fish and invertebrates flourish in seagrasspmercial fishing has become an extremely

large veture for the surrounding communés(Gullstrom et al., 2002)

2.2.3 Interactions with Surrounding Ecosystems

Seagrass has positive impacts on the surrounding ecosystems, such as mangroves and coral
reefs, due to its ability to act as a buffer zone and a habitat for fish. In some parts of the world, seagrass
acts as a nursery for many fish, which caty be found in other ecosystems as adyltarkum et al.,

2006) Thus seagrass helps populate the surrounding habitats by providing a safe and widhient

habitat in which marine life can grow. Many organidrasel between the coral reef and seagrass
ecosystems. These organisms are important because they provide nourishment for predators and also
control populations. For example, herbivores such as sea urchins travel to seagrass beds to feed on sun
blockingweeds, allowing the seagrass to flour{#floberg & Folke, 1999)The reduction in current

speed and wave intensity are two more ways that seagrass helps out neighboring ecogytdistsim

et al., 2002) With lower currents and smaller waves, erosion is less of a problem along the coast

(Larsen & Webb, 2009)

Seagrass is located off of coasts all over the world, in diftesiespes and forms. In all forms,
however, they are important both to the species that live and rely upon seagrass and for the resources
to humans that it provides. Seagrass is also important to surrounding ecosystems and has even been
consideredbysome d GoA2f 23A0FT &Sy (Qryf &al.aZD06RCRandgeOR I Gt O y
seagrass are early indicators of environmental shifts and are useful harbingers of challenges facing
surrounding ecosystems. Thmportance of seagrass cannot be overstated in terms of both economic
benefit and the marine life that depends upon it. From these observations, action must be taken to

protect these important ecosystems from destruction.

2.3 Environmental Damage

There ae three primary forms of damage to seagrass and coral environrhanicane damage,
disease, and boating damage. Of these three damages, our project is specifically focused on preventing
boating damage. The othérms of damageare important to be awar of because they can exacerbate

damage done by poor boating practices.



2.3.1 Hurricane Damage

In the Caribbean, hurricanes are the most prevalent natural disaster, and cause more
devastation than all other sources of damd@arciaSais et al., 2008)Tropical storms create large
fluctuations in waves, exposing shallow corals to intense stresses, such as being overturned and broken.
In addition, the runoff from the rain causes an increase in sediment and tealgsollutants in the
waters. All these factors lead to the destruction of the coral (€&frciaSais et al., 2008; Woodley et

al., 1981)

Hurricanes can be just as deadly to seagrassrenments as they are to coral. The strong
waves disturb the beds and uproot the seagrass, which causes holes to appear that can last for many
years. These holes travel around the beds with the ebb and flow of tharigejring the ability for the
marine grass to mend and allowing for further damage. However, the primary species of seagrass found
in the Caribbean i§halassia testudinupa robust species that has shown omigdestdamage from

hurricanes in the pagGreen & Short, 2003)

Damage done by hurricanes is impossible to control, but diseases that exist in these marine
ecosystems often have causes that can be linked to human activities. Coral bleaching and

eutrophication of seagrass aseme such dieases

2.3.2 Disease

Coral bleaching is a disease that has many causes, and affects all coral reefs in the world.
Bleaching occurs when the photosynthetic species, hamely zooxanthaellae, that help the coral produce
energy die offRosenberg & Loya, 2004 oral bleaching is caused by many factors that work together:
temperature changes, variance in salinity, and exposure to sunlight. Sedimentation from runoff and
pollutants in the water also play a part in theral bleaching procegkarsen & Webb, 2009Bleaching
devastates coral reefs by depriving them of energy and causing a loss of pigmentation. It can take up to
fifty years for coral to recover from a bleang event, during which its support of other marine species

is limited and it is more susceptible to mechanical dam@&yesenberg & Loya, 2004)

Eutrophication is a condition where water quality is decreasedxgg&sive amounts of nitrogen
and phosphatdHemminga & Duarte, 2000Nitrogen and phosphate are two chemicals found in
fertilizer, which can enter ocean water through runoff from land erosion. Nitrogen hodghate in
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light from the sun and conduct photosynthesis. The lack of sun causes seagrass to produce less energy,
and reduces the amount of nutrienisreleases into the environment. Disruption of nutrients and large
amounts of algae interfere with normal marine life and kill off many species of fish. The use of fertilizer
near waterways is a human activity that is adversely affecting seagrass tecosgidemminga &

Duarte, 2000) Another human activity that harms marine environments is boating.

2.3.3 Boating Damage

Boating practices in marine habitats have a strong effect on coral and seagrass,tandtédy
can be regulated easier than most other factors. Boats that frequent seagrass and coral habitats often
set anchor to maintain their position. The use of anchors in these natural environments, as well as
groundings on coral reefs and plowing thgh seagrass, all have a profound impact upon these

ecosystems and cause significant damage.

Boats and ships that run aground upon coral reefs cause severe breakage and damage along

large areas of the reef. Large ships colliding with the reef

cause darage in a greater area than just the immediate
vicinity of the strike. This can destabilize large sections o
reef whereas small boat groundings tend to have a more
localized effect. After an impact, if unaided, soft coral
begins to grow back within twoers, and hard coral begins
to form after eight years. The soft coral of the reef will
return to its prior state after about Q5 years whereas the
hard coral can take up to a century to return to its prior
state (Jaap, 2000)

Seagrass beds are particularly susceptible to
boating damages since they are often found in shallow
coastal waters. People who use small boats often
overestimate the depth of the water, or try to dock while i
seagrass environments and raground. The groundings

carve long furrows into the seagrass, disrupting their

Figure3: Scarring in a Seagrass Meadow

root system as shown ifrigure3. Even if the boat



does not run aground, the propellers rip the seagrass up by their roots, and it can-fajkeds to

recover(Dawes, Andorfer, Rose, Uranowski, & Ehringer, 1997; Hemminga & Duarte, 2000)

A study conducted in the Abrolhos Marine National Park in Brazil found that anchors dhmage
nop: 2F GKS LI NICeed &WAddddrhg, 199$M\HouwgISthisNdercentage seems
small, the amount of time it takes for the seagrass to recuperate makes the extent of damage very
significant. Seagss can recover from anchor damage within one year when in a sheltered
environment, but if exposed to heavy surf or other forms of damage the grass can take up to nine years
to repair(Dawes et al., 1997)Theresearch conducted in Brazil has found that recovering seagrass in
damaged areas had a lower concentration of plants than control areas did at the start of the
experiment. The root system of the damaged grass is less dense, allowing more sedimentédr@scap
the environment and erode the seaflofCreed & Amado Filho, 1999The time it takes for seagrass to
recover, and the amount of damage that is done by an anchor, makes it important to protect the

seagrassrom boating damages.

Anchors cause extreme damage to coral reefs, especially when used improperly. When anchors
are set from boats they cause crushing damage to polyps, which break off or die. Once the anchor is set
the chain can drag across the reefdturing weaker soft coral, or can be wrapped around hard coral
structures that protrude from the reef. The retrieval of the anchor can also sever, overturn, or crush the
coral reef(Dinsdale & Harriott, @04). Compared to other forms of damage, damage caused by anchors

is preventable.

Hurricane damage, disease, and boating damage are all major sources of destruction to marine
habitats surrounding Puerto Rico. Unfortunately, disease and hurricane dasaaget be easily
controlled; however, boating damage can be lessened by human intervention. The use of public
mooring buoys ise potential answer in the quest to reduce the amount of damage caused by anchors

to these marine environments.

2.4 Mooring Buo ys

To successfully stave off the anchor damage done by ships, the Department of Natural and
Environmental Resources has installed mooring buoys all around the island in locations where diving and
boating are most popular. Mooring buoys are small roundtfidhat support a pickup line on the

surface, are tied to a througlne that connects to a downline, which ties to a pin anchored deep in the
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substrate of the ocean flaqFigure4). These are then placed where dropping anaten lead to

damageto a sensitive marine environment. The shackle connecting the downline and the anchor allows
the buoy to twist and turn without becoming entangled. The purpose of the buoy is to float a pickup
line on the surface of the water and madtk location. This pickup line allows for boats to tie up instead

of dropping ancho(Boaters Land, 2009)

Mooring buoys are designed so that a boater CE\%’

tie up their boat and leave it for periods of time without |

worrying about it. In a sense, it is a permanent fixture i
the ocean, and can last several seasons. Unfortunatel
mooring buoys do not last as long in salt water as they
do with freshwaterBoaters Land, 2009)

On the sland of Puerto Rico, a plethora of
people use and work on the coral reef every day. Divi
and fishing charters, commercial fisherman, and
recreational boaters work and play out on the water.
With all of these people taking advantage of the natura
wonders of the island, the coral reef is suffering. The
reef appeals to recreational boaters because of the
calmer waters it provides. Unfortunately, the reef

cannot withstand so much boating traffic. Even so,

Figure4: Mooring Buoy System

Puerto Rican officials are not necessarilg@scerned
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their livelihood depends on its continuing prospeli@arciaSais et al., 2008)Additionallythe majority

of charter boats are up to date with all of the marine policies put in place by the DNER. Recreational
boaters and the general public, however, are not as familiar with DNER regulations, and therefore can
cause more damage by improperly andng (GarciaSais et al., 2008)Although anchor damage is only

a small part of the daages that are inflicted on sgeass and coral reefs every day, it can be controlled

with the use of mooring buoy&arciaSais et al., 2008)

Mooring buoys can be an easy solution to the problem of anchor damage. Just maintaining and
providing enough mooring buoys for the public will lower the damage greatly. Since the DNER first
provided mooring buoys in the more popular areas of the reef, anchor damage has been reduced
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