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INTRODUCTION

Puerto Rico is home to some of the world’s
most impressive natural and manmade wonders,
such as 799 miles of coastline with over 300
beaches, vibrant coral reefs, pre-Columbian
ceremonial parks and artifacts, the coqui (tiny tree
frog endemic to the islands), historic sugar cane and
coffee plantations, EI Yungue rainforest (the only
subtropical rainforest in the U.S. National Forest
System), Mona Island that is home to more than 100
endangered species, and 51 natural protected areas
that conserve wetlands, dry forests, rainforests,
caves and caverns, groundwater, cays and islets, and
critical habitats for many species of flora and fauna.
All these features are why Puerto Rico has been
affectionately given the name la Isla del Encanto,
the Island of Enchantment. Without healthy
ecological systems Puerto Rico would not be able to
boast such wonders.

Biodiversity and ecosystems are already
more stressed than at any comparable period of
human history (Staudinger et al. 2012). Human
activities globally and in Puerto Rico have caused
and may continue to cause a loss in biodiversity and
natural resources through unsustainable land-use;
chemical, heavy metal and nutrient pollution of our
soil and water; diversion of water; habitat
fragmentation and degradation; selective
exploitation of species; and the introduction of non-
native species, disease and pests. The current rate of
biodiversity loss is greater than the natural
background rate of extinction. Furthermore, these
losses directly impact societies around the world
and locally as we are also losing the services the
ecosystems and species provide, such as fresh air,
clean water, reduction in pollution and contaminant
concentrations, drinking water protection, urban
heat reduction, natural protection against storm
surges and hurricanes, prevention of landslides,
recreation and tourism opportunities, cultural and
historical preservation, and even mental and
spiritual well-being. The U.S. Global Change
Research Program found that as species ranges
shifts new community assemblages can also
substantially alter ecosystem structure and function
and the distribution of ecosystem services. Changes
in precipitation regimes and extreme events can
causes ecosystem transitions, increase transport of
nutrients and pollutants to downstream ecosystems,
and overwhelm the ability of natural systems to

mitigate harm to people from extreme events
(Staudinger et al. 2012).

Climate change is one of the most critical
issues facing biodiversity and natural resource
management in the world today. Land and ocean
surface temperatures have warmed, the spatial and
temporal patterns of precipitation have changed, sea
level has risen, and we are experiencing more
intense storms. These changes, particularly warmer
regional temperatures, have affected the timing of
reproduction in animals and plants and/or migration
of animals, the length of the growing seasons,
species distributions and population sizes, and the
frequency of pest and disease outbreaks. Climate
change is projected to affect all aspects of
biodiversity; however, the projected changes have
to take into account the effects from past, present,
and future human activities. The effects of climate
change, in terms of rising sea levels, increasing
mean atmospheric and sea surface temperatures and
changes in rainfall and weather patterns, are likely
to be particularly severe for the ecological systems
of the Caribbean islands and small island states.
Small islands are variable in their marine, coastal
and terrestrial biodiversity. Some are very rich. For
example, coral reefs have the highest biodiversity of
any marine ecosystem, with some 91,000 described
species of reef taxa. And while terrestrial
biodiversity is not as high as coral reefs of the
Caribbean, endemism among terrestrial flora and
fauna is particularly high in Puerto Rico. The
International Union for the Conservation of Nature
and Natural Resources (IUCN) ranks the countries
with the highest percentage of endemic amphibians.
Puerto Rico ranks 13" with 78.9%, above Chile,
Papua New Guinea, the United States, Mexico,
Brazil, India and China (IUCN 2012). Areas of
high endemism should pay extra special attention to
climate changes as already globally there is
increasing evidence of population declines and
localized extinctions that can be directly attributed
to climate change (Staudinger et al. 2012).

Working Group 2: Ecology and Biodiversity
of the Puerto Rico Climate Change Council (WG2
PRCCC) was tasked with assessing how Puerto
Rico’s ecosystems and species may be affected by
climate change. The goal of this report is not to
detail every potential outcome of climate change,
but rather this project was a first attempt at
identifying Puerto Rico’s most knowledgable



researchers and practitioners in the field, collecting
the best available scientific knowledge, coming to
agreement on key drivers of ecosystem changes and
ways Puerto Rico’s ecology and biodiversity may
be altered, and identifying research gaps and
information needs. The underlying vulnerabilities of
ecosystems determine the adaptive capacity of
Puerto Rico’s flora and fauna, and therefore the
current status and threats to each of the systems
assessed were considered a priority throughout the
work of the PRCCC.

REPORT ORGANIZATION

The members of Working Group 2: Ecology
and Biodiversity are all highly respected in their
fields of biology, ecology, oceanography, natural
resource management, fisheries management,
hydrology, geochemistry, forestry, and geology
locally and abroad. The reviewers of this report
were local experts from Puerto Rico, from the
continental United States, and from overseas such
as other Caribbean islands and the United Kingdom.
Through a number of small sub-working group
meetings, large working groups meetings, full
PRCCC meetings, and a conference in San Juan,
Climate Change in the Caribbean 2011: Puerto
Rico and the U.S. Virgin Islands, WG2 members
meet in-person to discuss the report compilation,
data analyses, key concepts; peer-reviewed
published studies, and gray literature. Subgroups of
the PRCCC WG2 also meet to discuss targeted
ecosystems such as coral reefs and forests.
However, the majority of report writing and
discussions occurred via email and PRCCC
Research Library correspondences (a shared
electronic research library). Additional
correspondences occurred via the PRCCC email
listserv (the PR-CC-L). We also consulted with and
established the basis for discussions with other
climate scientists and ecologists from other
Caribbean islands the United States.

The Working Group 2 report is organized by
the ecosystems and species the working group
members determined were important for this first

attempt at a climate change vulnerability assessment
for Puerto Rico’s natural resources (Table 1). In
each section of the report, the current status and
threats or non-climate change stressors (termed
“underlying vulnerabilities” in this report) are
discussed as well as the potential ways certain
climate parameters (air and sea surface temperature,
precipitation, extreme events, storms and
hurricanes, sea level rise, and ocean acidification)
may affect that particularly ecosystem or species
assessed. (For more detailed information on the
observed and projected changes for each of the
climate parameters read the PRCCC Working
Group 1 chapter.) The information compiled here is
from literature review using a variety of databases
as well as through the networks of our PRCCC
members and from efforts to reach out to other
Caribbean scientists and experts. As such some
relevant studies may not have been received. The
Working Group members and the PRCCC as a
whole recognize that the information contained in
this report is the best available knowledge as of July
2012 and will need to be continuously edited and
expanded over the years as new and improved
information becomes available. Working Group 2
also identified research and information needs to
guide future studies and initiatives for natural
resource management, conservation and ecosystem-
based adaptation.

Table 1 Sectors to be assessed by WG 2 in report

Working Group 2: Ecology and Biodiversity
Sectors Assessed

» Beach Ecosystems

« Forests

*  Wetlands

* Coral Reefs

» Submerged Aquatic Vegetation (Seagrasses)
« Coastal Lagoons

* Bioluminescent Bays

* Cays and Islets

»  Amphibians and Reptiles
» Sea Turtles

* Marine Mammals

» Sea birds and Shore Birds
» Coastal Fish Species

» Pelagic Fish Species



BEACH ECOSYSTEMS

INTRODUCTION TO BEACH
ECOSYSTEMS

A beach is a zone of loose material extending from
the low water mark to a point landward where either
the topography abruptly changes or transitional
(from coastal to terrestrial) vegetation first appears
(Cambers 1998). A wider definition of a beach
includes the nearshore zone extending to a water
depth of about 12 m where the waves are no longer
able to move sediment on the bottom ((CANARI)
2008). A beach may consist of sediment ranging in
size from clay to boulders. Beaches are very
dynamic systems changing size, shape and even
material composition from one day to another. A
dune is an accumulation of windblown sand
forming a mound landward of the beach and usually
parallel to the shoreline. Coastal sand dunes provide
extensive protection to many of the world’s
shorelines as they are important habitat for plants
and animals, including rare and endangered species,
as well as serve as natural barriers between coastal
winds and waves and the human built environment
of homes, roads, and buildings. The interaction of
dunes with the adjacent beach and nearshore
provides the essential basis of a stable shoreline,
through the regular exchange of nutrients and
minerals (Carter 1991). A cliff or bluff is a high,
steep bank at the water’s edge composed primarily
of rock. Beach and dune systems should be seen as
distinct but at the same time interacting through
flows and impacts of organic and inorganic
materials, such as, seeds and animals, sediment, salt
spray and ground water flow.

STATUS OF BEACH ECOSYSTEMS IN
PUERTO RICO

Globally it has been shown that 70% of the world’s
sandy beaches are eroding (Bird 1985, 1987).
Shoreline retreat or beach migration are the more
accurate scientific terms, but beach erosion is the
common term used by beachfront property owners.

In the United States, approximately 86% of U.S.
East Coast barrier beaches (excluding evolving spit
areas) have experienced erosion during the past 100
years (Galgano et al. 2004). Widespread erosion is
also well documented in California (Moore et al.
1999) and in the Gulf of Mexico (Morton and
McKenna 1999). This trend is repeated in the
Caribbean. Based on regular monitoring at 200
sites in nine eastern Caribbean territories over the
period 1985-1995, 70% of the measured beaches
were eroding and 30% were stable or accreting
(Cambers 1997). Average erosion rates varied
between 0.27 and 1.06 meters per year (0.9 to 3.5
feet per year), with islands impacted by hurricanes
showing the highest rates. Specific beaches
retreated inland by as much as 18 meters (59.1 feet)

“Beaches are nature’s shock absorbers -
they protect the coastline from the
relentless power of the surf, and they
protect themselves from destruction during
storms. The countless grains of sand on the
visible beach - and its offshore extension -
are a mobile belt of cushioning. When
waves strike the coast, the billions of sand
grains on the full width of the beach move
and roll past each other. Sometimes huge
volumes of beach sand are moved either
seaward or landward. A beach may change
its shape drastically during a storm in the
process of absorbing and dissipating the

tremendenous energy of the waves”.

from Living with the Puerto Rico Shore




during Hurricane Luis in 1995. Beach erosion is
not a dominant process if there is a balance between
the sediment input and the sediment output in the
system under study. Seasonal changes over a period
of several years followed by significant erosion
during a particular storm event and slow but steady
beach accretion after the storm, characterize
systems with a balanced sediment input and output
(ie. sediment budget). The erosion in the insular
Caribbean is attributed to anthropogenic factors, e.g.
sand mining, and poorly planned coastal
development and man-made structures (i.e., sea
defenses); and to natural causes, such as winter
swells and hurricanes. Anthropogenic or natural
factors induce beach migration to reach a new
equilibrium state sometimes resulting in net erosion,
where the output of sediment is greater than the
input, or total system disruption or loss. Tropical
storms and hurricanes appear to be the dominant
factor influencing the erosion, with beaches failing
to return to their pre-hurricane levels. Indeed
between 1995 and 1999, a period of severe
hurricane activity for the islands of the northeastern
Caribbean, it appeared that these numerous high-
energy events introduced a certain vulnerability to
the beach systems making recovery slower and less
sustained (Cambers 2005). This loss of physical
habitat has serious implications for the dependent
flora and fauna.

The beaches of Puerto Rico are coastal resources of
great importance. Including Vieques, Culebra, and
other islets and cays, there are approximately 799
miles (1,285.86 km) of coasts, of which 129.2 miles
(208 km) are beaches. In fact, Puerto Rico has over
300 beaches. The extension of the coast line is
divided into 231 beaches in 42 of the 44 coastal
municipalities. Of these, 97 have been classified as
accessible or swimmable beaches by DNER (CPN
2002). There are three dominant groups of minerals,
characteristic of Puerto Rico’s beaches: quartz
sands with feldspar; volcanic rock; serpentine and
mineral group; and sands from calcium carbonate.
Beaches in Puerto Rico are assets of public domain,
or public trust lands, with minor exceptions. This is
a legacy from Roman and medieval law which was
transferred to Puerto Rico by the Spanish
government as part of its port system and has

remained despite the changes in sovereignty.
Extraction of sand from the beaches for construction
purposes once caused severe damage for a long
period of time. The problem of extraction without
proper authorization still persists, but the problem is
more focused on river mouths rather than beaches,
although some illegal dune extraction has occurred
in recent years. Erosion has drastically reduced the
width of some beaches and furthermore, water
contamination interferes with the recreational use of
some beaches.

Dune retreat and disappearance has also been
widely documented throughout the Caribbean
islands, including Puerto Rico. Extensive black
sand dunes, 6 meter (18 feet) high, in St. Vincent
and the Grenadines, were mined at Diamond Bay in
the 1980s, leaving a flat coastal lowland devoid of
vegetation and vulnerable to flooding (Cambers
1998, 2005). CIiff retreat and changes in rocky
shores are less well documented, although
associated with the widespread beach erosion there
appears to be an increase in the exposure of
beachrock ledges (Cambers 1998). Dunes provide
an important barrier against the onslaught of waves
during weather events along Puerto Rico’s North
Coast (Puerto Rico Coastal Zone Management
Program 2009). In Puerto Rico, dunes (or in some
cases, dune remnants) can be found in the
municipalities of Isabela, Quebradillas, Camuy,
Arecibo, Barceloneta, Loiza, and Carolina. Of these
places, the largest concentration of sand can be
found in Isabela, followed by Carolina and Loiza.
However, the height and size of these dunes may be
insufficient for protection of life and property in the
long term. Due to the massive extraction of sand,
very few dunes remain. The extraction of sand
during the 1960s and 1970s for the construction
industry has eliminated large expanses of protective
dunes. The practice of beach extraction has been
banned. At Tres Palmitas beach in Loiza and the
coast along Isabela beach erosion has resulted in
saltwater intrusion. It is estimated that
approximately 2.5 million cubic meters (m®) of sand
have been extracted from dunes to the west of Punta
Jacinto in Isabela, equivalent to the size of the
Great Pyramid of Giza in Egypt. With the
destruction of the dunes, the potential for shoreline



damage due to storm surges has increased, although
the magnitude of that potential is still unknown. The
present-day conditions of some of the dunes are
inadequate since their height, width, and stability
offer neither security nor protection to life or
property located in the coastal zone (Martinez et al.
1983, as cited by Valeiras 2007). Furthermore, the
destruction of the dunes has contributed to coastal
erosion as they form a reservoir of sand that
replenishes the when beach levels are high and
releases to supply sand to eroded beaches during
storms (Coates et al. 2000). Additionally, the use of
all-terrain vehicles along the beach has had negative
consequences on the sand dunes and other coastal
resources, such as wetlands and salt flats. These
vehicles destroy dunes and rip out vegetation
affecting dune equilibrium (Puerto Rico Coastal
Zone Management Program 2009).

Bush et al. (1995) reported that hard rock shorelines
off Guajataca on the North Coast and in parts of Old
San Juan have retreat rates close to zero, while the
retreat can be several meters in a single storm on
sandy beaches such as El Tuque, the bluffs near
Arroyo or Playita Machete on the south coast, or the
beaches in the tourist areas of Condado and Isla
Verde (Bush et al. 1995). More recently, in 2010
Dr. Maritza Barreto conducted a geomorphic
assessment at selected beaches in Puerto Rico
sponsored by the Puerto Rico Coastal Zone
Management Program (Barreto 2010). The sites
included: Playa Puerto Nuevo at Vega Baja, Playa
Pifiones at Loiza, Playa Fortuna at Luquillo, Playa
Humacao at Humacao, Playa Salinas at Salinas and
Playa Mani at Mayaguez (figure 1). This study
integrated an evaluation of historical subaerial
beach, beach profile and width changes studies.
Historical subaerial beach changes were evaluated
using vertical aerial photos from 1936 to 2010
(long-temporal scale study). Beach profile and
width were measured using field techniques during
August, September, October, November, and
December 2010 (short temporal scale study). Data
collections were done during normal conditions and
after occurrences of storm systems (both tropical
and extratropical). Historical beach changes showed
loss of sand in all study sites during the 2007
period. Major beach changes were observed at

Playa Fortuna, Luquillo and Playa Humacao. Major
loss of sand was measured in Playa Fortuna (figure
2). Minor beach changes were identified in Playa
Pifiones, Playa Salinas, and Playa EI Mani. The
short temporal scale beach assessment indicated
elevation and width suffered changes in all beaches
included in the study. The final results of the study
showed that geomorphic indicators (i.e., eolianites,
beach rock, coral reef, sand deposits, rocky
shorelines) found in beach systems act as barriers
that protect the beach plain from erosion processes.
Furthermore, man-made structures and activities
such as docks, housing, and deforestation affect
sediment sources and transport that are important
sediment inputs feeding beach systems and
preventing erosion. Construction of breakwaters or
jetties for shore protection, navigational purposes or
marinas has had significant impact in Puerto Rico.
A widely recognized example of a man-made
structure creating severe erosion/accretion problems
in Puerto Rico is the breakwater in Aguadilla.
Additionally, as a result of past and current
shoreline management practices, coastal
development, erosion, and the already observed sea
level rise (see PRCCC WGL report) coastline
around portions of Puerto Rico is retreating about
one meter per year (1.0 m/yr), according to a USGS
report. The authors considered sequences of past
aerial photos to assess erosion and accretion
(Thieler et al. 2007). Other publications have come
to the same conclusion as the USGS report that
most of Puerto Rico’s shoreline is eroding (Bush et
al. 2009; Morelock 1978, 1984; Thieler and
Danforth 1993, 1994b; Bush et al. 1995; Thieler et
al. 1995; Morelock and Barreto 2003). However,
not all sections of all beaches in Puerto Rico are
eroding. Some are stable or are accreting as they
transition to new configurations and profile
equilibriums as a result of beach migration; for
example, Luquillo Beach, the beach between Punta
Vacia Talega (the headland west of the city of
Loiza) and the Loiza River mouth (just west of the
city of Loiza) (Bush et al. 2009). In America’s Most
Vulnerable Coastal Communities the Geological
Society of America’s authors list seven areas of
anthropogenic actions that contribute to Puerto
Rico’s overall shoreline hazard vulnerability: (1)



failure to take shoreline erosion into account; (2)
constructing seawalls and revetments at the back of
beaches; (3) insufficient construction setback from
the shore; (4) other shoreline engineering structures
like gabions (wire mesh baskets filled with cobbles
or crushed rock); (5) sand mining; (6) inconsistent
or uncontrolled shoreline stabilization; and (7)
unrealistic cost-benefit considerations (Bush et al.
2009). These underlying vulnerabilities to Puerto
Rico’s beach systems are expected to worsen due to
sea level rise, increasing temperature, increasing
carbon dioxide, and increasing intensity of tropical
storms.
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Figure 2 Extreme subaerial beach loss at Playa Fortuna
(December 2010) (source: Barreto 2010)
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Figure 3 Coast lines every ~10 year near Rincon, PR, with matching coastal
recession graph.



OUTCOMES AND CONSEQUENCES OF
CLIMATE CHANGE TO PUERTO RICO’S
BEACHES

|SEA LEVEL RISE

Sea level rise is one causative factor for
dominant beach erosion (i.e., inland migration) and
was recognized as occurring long before the global
attention from climate change discussions (Bruun
1962). The Bruun Rule (Bruun 1962), a descriptive
rule of thumb, predicts that as sea level rises, sand
is eroded from the upper beach and deposited on the
offshore bottom so as to maintain a stable beach
profile. This results in beach retreat so that for
every 1 cm
(0.4 in) of sea

1:100 where sediment transport is not altered by
bedrock, buildings, seawalls or other obstructions,
and does not include the presence of dunes as a
sediment source).

However, such erosion may not take place
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