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l. INTRODUCTION

In 2008 the Congress of the United States of America enacted the Food, Conservation,
and Energy Act (a.k.a. 2008 Farm Bill) which amended the Cooperative Forestry
Assistance Act of 1978 to require each State and Territory to provide a Statewide
Assessment of Forest Resources and a Statewide Forest Resources Strategy to the
Secretary of Agaulture. These reports are a prerequisite to participation in USDA Forest
Service cooperative technical and financial assistance programs. The existing Forest
Legacy Assessment of Need was evaluated for currency and is incorporated into the
document in itentirety(Appendix A).

The Farm Bill established national goals for forest conservation. Statewide strategies are
expected to contribute to the national goals. Each year state and territorial requests for
program funding will be evaluated against their contribution to progiresisese national

goals:

1) Conserve working forest landscapesconserve and manage the functional areas of
the forest for multiple uses and values

2) Protect forests from harm - identify, manage and reduce threats to the forest, such
as storms, floods, insetdiseases$nvasive specieand fire

3) Enhance benefits from trees and forestsimplement conservation and management
actions that contribute to the continuous enjoyment of benefits such as air and water
quality, soil conservation, biodiversity, carbotorage, maintain and promote the
economic benefits of forest through planned use of forest products, and renewable
energy productiorand others

Requirements of the statewide assessment are as follows: 1) describe forest conditions
on all ownerships in the state or territory; 2) identify foretated benefits and services;

3) identify threats to the forest resources; 4) highlight issues arttoérconcern; anfl)
delineate high priority forest landscapes.

The strategic component will ensure Forest Service cooperative programs can provide an
efficient and effective allocation of resources to meet the national goals. It considers
other plans sut as the Comprehensive Wildlife Conservation Strategy in order to
maximize the leverage of information and implementation resources among agencies,
organizations, and individual stakeholders.



II. PUERTO RICOSTATE-WIDE ASSESSMENT
a.CURRENT CONDITIONS AND BENEFITS OF FORESTS

i. Current Conditions

1. Geography

Puerto Rico is an unincorporated territory of the United States of America since 1898.
Population is estimated at 3.9 million people. The capital and largest city, San Juan, is
home to over 400,00people. Puerto Rices part of the Antillean archipelago located
between the Caribbean Sea ahd Atlantic Oceanand consists of the main island of
Puerto Rico and a variety of kegsd islands such as Culebra and Vieques to the east,
andMona, Monito andDesechedo the west The main and largest islandabout one
hundredelevenmiles (160 km) longthirty six miles (60 km) wide and approximately

nine thousand square miles (9,000 km2) of land.area
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Figure 1. Location of Puerto Rico

Puerto Rico, centeredt 18 A 156 nor twide vartiors indlédtionw e s t
climate zones and soil types. The geographical regant its geological primary
substratesre divided intoCoastal Plains, LimestoneeBions, he Mountainous tterior

that is composed of three main volcanic ranges; and the Plutonic batholiths and
associated rangesifty-three percent (53%) of the island n®untainous twentyfive
percent (25%) is plains, twenty percent (20%) is holye percent (1%) is plateauwsd

one percentl%) iscomposed ofivers lakesand reservoirs.

ha:



2. Land use and land cover

According to Gould et. al. (2008nd cover in Puerto Rico today consists of 53% forest,
woodland and shrub land vegetation; 32%y cind wet grasslands and pasture;

3% herbaceous agriculture, 4% saline and freshwater wetlands, 1% barren land, 1% fresh
water, and 10% developed land. The history of land use is typical of most Caribbean
islands.

Puerto Rico was almost completdtyested for centuriesf not millennia The area was
originally inhabited by the indigenousrchaic, followed by the Igneris, andter the
Taino peopleThe influence that indigenous people had on the landscape ibali@ved

to be much greater thangwously assumed, bus still understood to béimited to
alterationof tree species compositian the forestrather than changes in the extent of
forest coveMann 2006)

Christopher Columbus first visited the Island in 34thd Spain ruled the island for four
centuries. As a colony of Spaieteconomyvasinitially based orextraction of timber
and gotl, but eventuallynovedinto organized and widesprekhd clearing and drainage
for agriculture. Brest covedroppedprecipitouslyfrom roughly 65% in 1828 t@0% by
1899 (Wadsworth 1950)Mangroves were drained and filled for agriculture and other
uses.

The land use patterduring theseseveral centuries of agricultural development was
similar to that of other tropical countries he lowlands were used more intensively
cropland for sugarcane while the uplands were used less intensively to produce products
such as shadgrown coffee. land distant from population centers or possessing steep
slopesor lower quality soilswere usedfor shorter time periods ankss intensively
(Mather 1992) Population increases weraccompanied by deforestatigilather and
Needle 1998) I n t h e e atrthe height 6f adri€dubural peoductipforest cover
wasas low a6% Birdseyand Weaverl987). By 1940 a 45% reduction in mangrove
forest was obsged. (Martinuzzi et. al. 2009).

Puerto Ricdbecame part of the United $tain 1898 as a resuttf the SpaniskAmerican
war. The island retained a lamttensive agricultural economy until after World War |l
whenwide-spread industrialization begamde a program called Operation Bootstrap.
Industrialization precipitateda migration of population to urban centems did the
simultaneous abandonment of agricultural land. The result was an -velded
regeneration of secondary forests, starting in the logeslity agricultural site¢Grau et
al. 2003)

The most recent estimates of fdresver on mainland Puerto Rico are showFigure 2.

Forest cover remained relatively constant between the 1980 and 1990 inventories and
then increased dramatically between the 1990 and 2003 inventories from 32 to 57%
(Birdsey and Weaver 1982, Francoat.1997, Brandeis et. al. 2003). A 25% increase is
substantial even after a portion of this increase is attributed to changes in inventory

3



methods and definitions. Forest is defined in the 2003 inventory as any area with mature
trees providing ten perne canopy cover or, having ten percent coverage in tree
seedlings, (the equivalent of 1,500 seedlings per hectare). This is, intentionally, a more
encompassing definition of forest than used previously. It is intended to capture forests
developing on oldarm fields and pastures. Forest covered 85 percent of Vieques, and 88
percent of Culebra. The spatial distribution of forest cover is shown in Figure 3.

1400.00

1200.00 -

1000.00 -

800.00 A

600.00 A

400.00 -

Forest area (thousand acres)

200.00 A

1980 1985 1990 2003

Year

Figure 2. Forestarea on mainland Puerto Rico as measured by forest inventories k980, 1985
1990,and 2003 (Birdsey and Weaver 1987, Franco et. al. 1997, Brandeis 2007).
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3. Forest composition, structure and function

The Holdridge life zone model is used to facilitate comparisons of ecological information
around the worldHoldridge, L.R.1967)Life zones are broad bioclimatic units of land

that can be further subdivided into associations based on the combination of sails,
vegetation, and microclimates within theifhere are six Subtropical Holdridge Life
Zones present in Puerto Rico (Figure (well and Whitmore 1973). At 62%, the
Subtropical moist forest life zone contains the most land in mainland Puerto Rico.
(Brandeis et. al. 2007). The Lower montane wet forest and the Lower montane rain forest
zones combined are only slightly over 1%. Land area in the dry forest zone is almost
14%, and tk combined wet forest and rain forest zones account for about 23%.
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Figure 4. Land distribution among the Subtropical forest life zones of Puerto RicoVieques,
Culebra, and Mona Island (Brandeis 2007).

Forest species predominate in Aforesto | ife
human activities, barren landscapes, and natural disturbances can lead to less than
complete forest cover with a zoréigure 5 depicts the proportion of each life zone i

forest cover as of 2003 (Brandeis et. al. 2001Me Lower Montane Wet and Rain Forest

group has the highest percentage of forest cover but, as indicated in figure 4 above, it has

the smallest land area. The moist and dry forest zones together acoainneé quarters

of the land area in Puerto Rico but each has less than 50% forest cover.
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Figure 5. Percent forest cover within each subtropical life zone group in mainland Puerto Rico in
2003 (Brandeiset. al. 2007).



Succession is a natural ecological process in whictplamecommunity replaces another

over an extended period of tim8econdary succession is theestablishment of the
same or a different plant community in an area where a (natural ormade)

di sturbance has occurred. The term fAseconda
succession. Information on stocking, and canopy closure in Puecm $Riows a
predominance of secondary forests with early andsuatessional tree species that are
not stocked to their full potential (Brandeis et. al. 2007). An estimated 68% of Puerto
Rico is in young secondary forest, 12% is in mature forest; andréuaating to forest
accounts for 18% of total forest cover. Subtropical moist forest had the most land in the
reversion category. The lower montane group had no reverting forest; the wet and rain
forest had 30.4%; and dry forest had 12.5%.

Size class infanation is collected on stands with at least 10% stocking by live trees.

Figure 6provides information for all islands.r@es inthe seedling stagdéave a d.b.h.

< 5, 8mall trees have a d.b.h. ®B pmedium teeshave ad.b. h. Bto2® and | ar ge
treeshave a d. b. h. > 200. Sl ow growth is commo
species growing at high elevations, on barren land, or in drought prone areas does not
accumulate girth as rapidly as the same species in more hospitable environments.

Stand size class

0.3%

7.6%

m Saplingseedling stands
m Small diameter stands
Medium diameter stands

m Large diameter stands

Figure 6. Percentage of forestin each sizeclassin Puerto Rico, Vieques, and Culebra in 2003 as
measured by diameter at breast height (DBH) (Brandeis 2007).

Pl ant species composition, domi nance and i mg
different from forests that were present before the island was deforested (Lugo and
Helmer 2@4). A total of 305tree speciesvere identified in the 2003 forest inventory



(Brandeis et. al. 2007). Among trees with diameters at breast height (d.b.h.) of 12.4 cm,
210 species were identified. Evaluation of the latter group revealed that the exotic
African tulip tree $pathodeaampanulat® was thesinglemost abundartee species on

the island. The nativeguaraguao Guarea guidonig, moca Andira inermig and
yagrumo (Cecropia schreberiana follow in abundanceThirty six tree species were
encountere in the dry forest, 130 in the moist forest, 112 in the wet and rain forest group
and 25 in the lower montane wet and rain forest group. Common exotics were often fruit
bearing trees. As an example, the only two exotic species encountered in the Lower
mortane life zones were the sweet oran@®trgs sinensis and the Malabar plum
(Syzgium jamb9gs

The mixes of native and nerative naturalized species are creating novel plant and

ani mal communi ties. Many of todayibvwe f orest
successional pathways, and the ultimate composition and structure of future forests is
conjecture. We are gathering evidence that these novel forests provide public benefits.

They support wildlife, mitigate species extinctions, and provide natumatibns such as

soil stabilization, temperature regulation, nutrient transformation, and water and carbon

cycling (Lugo 2009). For example, the African tulip tree is a pioneer species that
colonizes abandoned lands and facilitates the establishmentiva trees species under

its canopy (Lugo and Helmer 2004, Brandeis 2006).

There is no field inventory of forest vegetation communities in Puerto Rico but some
general taxonomic principles are informing remote sensing inventories such as the
worked produce by Kennaway andielmer(2007) inTable 1.



Table 1. Satelliteimage mapping zones in Puerto Ro and associated vegetation formations
(Kennaway and Helmer 2007)

Satellite image mapping zohé Woody vegetation formatiofs

Dry forestAlluvial Lowland dry semdeciduous forest or woodland/shrubland
Tidally —and  sempermanently  flooded  evergree
sclerophyllous forest

Dry forest-Volcanic, Sedimentary] Lowland dry semideciduous forest or woodland/shrubland

Limestone Lowland dry mixed evergreen drougihéciduous shrublan
with succulents

Dry and moist forestéSerpentine Lowland dry and moist , mixed seasonal evergr
sclerophyllous forest with succulents

Moist forestAlluvial Lowland moist evergreen hersclerophyllous srubland

Lowland moist seasonal evergreen forest or forest/shrub
Lowland moist coconut palm forest

Seaasonally flooded evergreen forest

Tidally  and sempermanently  flooded evergree
sclerophyllous forest

Moist forestVolcanic and Sedimentary | Lowland moist seasonal evergreen forest or forest shrub
Lowland moist semi deciduous forést

Moist forest with rinfall<1500 mm yi* | Lowland moist semileciduous forest or forest/shrub
Northern Limestore

Moist forest with rainfall>1500 mm V¢ | Lowland moist and wet, seasonal evergreen and -§

Northern Limestone deciduous forest and forest/shrub
Wet and lower montane wet forestl Submontane and lower montane wet evergreen scleroph
Serpentine forest or forest/shrifb

Wet and rain forest, lower montane W Submontane wet evergreen forest
and rain foresWolcanic, Sedimentary Active sun/shad coffee submontane/lower montane W
and Alluvial evergreen forest/shrub, other agriculture
Submontane/lower montane wet evergreen forest/sh
active/abandoned shade coffee

Lower montane wet evergreen forestl cloud forest

Lower montane wet evergreen fofesalm and Hin cloud
forest

Lower montane wet evergreen foredfin cloud forest

! Aggregated from Geoclimatic Zones in Figueroa Colt#96), which overlay Holdridge life zone (Ewel and Whitmore, 1973) onto
generalized geology (Krushensky, unpubl.). Volcanic refers to intrusive/plutonic and extrusive/volcanoclastic geology.

2 Forest are subtropical sensu Holdridge (1967) and broaddeds otherwise indicated; lowland refers to forests from 0 to 400 m
elevation. Both forest/shrub and woodland/shrubland refer to stands witlB@92%Sovers of trees with distinct canopies and an
under story of shrubs, seedlings, or saplings, or b)edsimaibs, seedlings or saplings, as indicated by a matrix of woody vegetation
or a smooth canopy.

3 The Dry Volcanic/Sedimentary/Limestone Zone included southern limestone areas in the drier part of the moist forest zone.

4 Coastal areas in southeastetrefo Rico

® Northern Limestone refers to limestone areas north of the Central Cordillera witthewelbped karst topography and areas at the
Cordi | ltemadges s o

8 Includes forest in the rain forest zone sensu Holdridge (1967).

7 Includes foresin the lower montane rain forestreosensu Holdridge (1967).



4. Riparianforests

Riparian areasre the lands adjacent to a body of water, stream, river, marsh, or shoreline.
These areas form the transition between the aquatic antketestrial environment. A
riparian area may include several riparian ecosystems. Riparian ecosystems include the soil,
surface structure (woody debris, rocks, depressions), and the plant and animal communities.
Because of their position in the landscajygarian areas interact with the flow of surface and
groundwater from upland areas, and play an important role in filtering runoff, reducing
excess nutrients and other pollutants, and providing critical ecological values such as shade,
food, and structurahabitat Species abundance and richness tend to be greater in riparian
ecosystems than in adjacent uplands (Odum 1979). Although healthy riparian vegetation of
any kind is desirable, forests provide the greatest number of benefits and highest potential for
reachingboth water quality and living resource goals. As functional ecosystems, they have
large energy, nutrient, and biotic interchanges with aquatic systems on one side and with
upland terrestrial ecosystems on the other. Their linear nature and higtoedege ratios
contribute to this functionality, which is why riparian areas are best evaluated and managed
as parts of larger landscapes.

Streamside forests are important riparian arealdnder natural conditions these
forests would protect most of the rigeand streams in our Nation, but deforestation
associated with agricultural and urban expansion has drastically reduced their extent. In
agricultural areas, many floodplain forests have been reduced to isolated fragments no
longercapable of supplying thever with essential woody debris or an adequate organic
food supply for healthy fisheries. The linkage between streamside forests and the health
of fish stocks may stretch to ocean fisheries where the natural process of delivering large
guantities of woodrom the watershed to the sea has essentially been severed (Maser and
Sedell 1994).

Riparian forests can help remove or ameliorate the effects of pollutants in runoff, and
increase the biological diversity and productivity of aquatic communities by inmgrov
habitat and adding to the organic food base. Riparian forests can also play a large role in
buffering urban and agricultural development. When conserved and managed as buffers,
riparian forests can dramatically reduce the impacts of land use actiWissch 1991).

In fact, studies show dramatic reductions from 30 to 98 percent in nutrients, sediments,
pesticides, and other pollutants in surface and groundwater after passing through a
riparian forest buffer (Lowrance and others 1984). Agriculturabffuis one type of
nonpoint pollution that can be reduced by using streamside forests as [&ifleasiside
forests are important ripariameaqFigure 7).
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RIPARTAN AREAS - SFLA ANALYSIS
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Figure 7. Overview of riparian areas in Puerto Ricq Vieques and Culebra

The presence or absence of trees adjacent to stream channels may be the single most
important factor altered by humans that affects the structure and function of the stream
macreinvertebate community on which many aquatic species depéektoring
streamside forests may be a necessary prerequisite to restoring a disturbed stream system
to a natural or quasiatural state (Sweeney 1993); however, few natural riparian zones
remain to servas models (Naiman and others 1993).

5. Urban forests

Urban forestsare forested ecosystems characterized by a high concentration of human
influences. (Dwyer et. al. 2000). The tyw¥ trees and plant associations in urban forests
vary with regional andlocal environmental conditions and human activitidative,

exotic and naturalized plants and animatsugd cover, buildings, and humantivities

affect thecharacter and values associated withudran forestVegetation within urban
environmentss importantin providingwildlife habitat, environmental services related to
water, heat control, air quality, temperature regulation, and carbon storage. They provide
oxygen, shade, food, and attributes important to humanbe&eigy.Recent studies reveal

the psychological benefits of trees helping people adjust to their societies. (Kuo and
Sullivan 2001). In addition properties and neighborhoods with well developed tree cover
are appraised higher.

Martinuzzi et. al. (2007) estimatettveloped land, land use, and urban sprawl across the
Puerto Rico landscape and explained important distinctions among urban land
classificationschemes (Table 2). Depending on the classification between 11 and 50% of
Puerto Rico c oud.deylboaend that Imbse arbam areasexist on the
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coastal plains, lower hills and valleys, and that urban sprawl is occurring at low
elevations, over flat topography and close to roads and existing urbanized areas.

Table 2. Definitions of urban and related dassifications and the percentage of land in each class in
Puerto Rico (Martinuzzi et. al. 2007).

Classifcation % in class | Definition

Urban/builtup 11% Developed and newegetated surface that results
cover or developed from human activity (built structures, concrete,
land asphalt, buildings, barrens, roads, some of which

occur in rural areas.)

Urban use setting | 16% Includes development and undeveloped lands tha
are part of the urban landscape and excludes
development that is part of a rarban setting.

(urban centers, exurban agglomerations, industrig
areas, large isolated residential coexgls, port,
airports, parklands and urban forests)

Census Bureau 50% Census block with a population density of at least
Urban area 1000 people/ Mi(390 people/ kf) plus
surrounding census blocks with at least 500
people/mf (195 people/krf)

Urbansprawl 40% Low density construction and areas with significa
land consumption.

SourceUS Census Bureau (2000). Urban and rural classification.
http://www.census.gov/geo/ohim/hs01/mvi.htm

The totality of undeveloped lands in urban areas form green infrastructure in the same
way thatroads,water mains, electric lines and sewers form grey infrastructure. For
example, a forest patch can provide habitat for feeding and nesting birds, whalena g
corridor can ease dispersal if populations become too large or recruitment if they are too
small. Connecting open spaces in urban settings creates(Paloat, 2000, Rudd et al.
2002, Melles et al. 2003%reen infrastructure connects forest anceptregetated land in
settings such as wetlands, parks, farms, shorelines, cemeteries, and utility corridors.
Urban forests capture significant levels of carbon and represent important economic
benefits including tourism, nursery production, food productigimarmaceuticals for
research as well as some wood and-wond products. (National Urban and Community
Forestry Advisory Council 2008).
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Many vegetated patches in urban areas are of low quality when evaluated based on tree
health, species diversity andosystem procesdMore data is needed on the extent,
composition, health and restoration of urban forests. -Ragn and Aide (2005)
demonstrated ecological value added from a forest restoration along a grass covered
riparian area in Puerto Rico. Commuations and tactical exchange of information as a
best management practice is essential for tropical urban forestry viability (National Urban
and Community Forestry Advisory Council 2008).

6. Wildlife

Forest cover provides wildlife habitat to mamgrtebrate and invertebrate species.
Individual trees are important in wildland and urban settings as they can provide
reproductive, foraging and perching habitat. Wildlife interacts with and has an effect
upon the ecosystem where it resides. Even dead trave life as their tree cavities are
used for nesting and downed woody debris provides habitat and substrate for a variety of
species in aquatic and terrestrial settings. Closed canopies and large contiguous forest
conditions are necessary for some #&®do maintain viable populations. Forested
corridors are an important means of connecting fragmented habitat into a more unified
whole.

A significant proportion of the biota in Puerto Rico are found nowhere else in the world,
thus the loss of a specieschlly represents a reduction of the biological diversity of the
planet. Gould et. al. (2007¢onducted amnalysis of conservation status on 177 mostly
native species that are regularly found on the island.-iNbine species evaluated
include those thadffect the distribution or density of native specesithose valued as

games species. Of these 18 are amphibians, 98 are birds, 14 are mammals and 47 are
reptiles. The analysis indicates that the highest levels of habitat heterogeneity and
resulting lodiversity are in the coastal areas with a mix of wetlands, grassland, and
forested coastal hills.

The status of many native wildlife species have yet to be documented. In 2001 the US
Congress directed the development of a Comprehensive Wildlife Catiear&trategy

which includes information on conservation of game and-game species (DNER
2005). According to the Puerto Rico Comprehensive Wildlife Conservation Strategy
around 5,847 native wildland species have documented occurrences in Puerto Rico
(DNER, 2010). Of these, 51 are reptiles (Rivero 1998), 18 amphibians (Rivero 1998),
5,573 are insects (Torres and Med®aud 1998), 190 are birds (Raffaele 1989), 15 are
mammals, and 31 are fish species (7 native and 24 established nonindegenous)
(DNER 2M®5).

The lawWildlife of Puerto RicdLaw No. 241 of August 15, 1999) provides the legal
framework that empowers the DNER to protect the wildlife resources of Puerto Rico
(DNER 2004). The DNER adapted the following categories from the International Union
for the Conservation of Nature Red List (1994) to classify species accordirsgk taf
extinction (DNER 2005) Table 3 presents the status of species identified at the
Commonwealth level as species of pitya The list includes the species identified as
federally threatened or endangere@riteria include information on the rate of decline,
population size, area of geographic. The codidgta deficierd means there is not
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enough information for a direct or indirect assessment of its risk of extinzdised on
distribution and/or population status.

Table 3. Number of species of greatest conservation need according to risk of extinction and by
taxon. (DNER 2005).

Taxon for Species of Species at Risk of Extinction

Greatest Conservation Need

CR EN | VU DD LR Total

Amphibians 4 1 4 6 0 15
Birds 10 5 7 58 2 82
Reptiles 3 6 3 8 0 20
Marine Mammals 0 4 1 12 0 17
TerrestriaMammals 0 0 2 10 1 13

Fresh Water Fish

Marine Fish 2 1 2 27 0 32

Terrestrial Invertebrates

Fresh Water Invertebrates 3 0 2 14 7 26

Marine Invertebrates

Plants - - - - - -

Total 22 17 21 135 10 205

CR- Critically Endangere®pecies, EN Endangered Species, VVulnerable, LR-Low Risk, DD-Data
Deficient. (IUCN) Red List (1994).

The coastal zones in Puerto Rico make a substantial contribution to the islands terrestrial
and marine biological diversity. Wetland reduction has resulted in the fragmentation of
what once was an extensive and continuous coastal corridor. Wetlands irstémm ea
Caribbean region aremall relative rare and severely degraded ecosystems which make
them vulnerable to destruction (Martinez et1#79)(Lugo and Brown 1988bPDue to

the land use history in Puerto Rico, most of the remaining coastal wetlandargiaal
habitat for most watdsirds.
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The coastal area is also extremely vulnerable to development and the coastal plain and
coastal hills are largely unprotected. Development is prohibited in the wetlands, but
development adjacent tthem affectshydmlogic patternsand alters species and
landscapeiodiversity. Figure 8shows coastal areas identified as critical wildlife areas.
Critical Wildlife Areas are identifiedin the Puerto Rico Comprehensive Wildlife
Conservation Strategy (DNER 2005). They dadineated by identifying areas within

Puerto Rico that are fAinecessaryo to perpetua

a
whe

Y

§ Critical Wiidiife Areas along the coast Source: Puerto Rico Critical Wildlife Areas, DNER.

Nautical Miles
10 [ 10 2 0 40

Figure 8. Critical Wildlife Areas along the coast (DNER 2010)

To date, dense stands of invasive vegetation (Eypha dominguensisiave developed

after sugarcane production ceased in coastal plains. That densely overgrown vegetation
may limit access by water birds, either for feeding or nestingll@Vand Fredrickson

1974, Kaminski et al. 1985). Puerto Rico native freshwater fish are threatened by habitat
modification, pollution, and overfishing. Considerable habitat loss for freshwater fishes
and invertebrates has resulted from water withdraweah streams for domestic and
industrial purposes, river channelization, and dam construceoar® periods of severe
water shortage have already highlighted the potential impact of increased water demand
on fish and wildlife (Lugo et al. 2004).

7. Water resources

Water resourcesnclude the physical features, habitat, and inhabitantsagpfatic
ecosystemaswell asthe water itselfPuerto Rico has a great diversity of freshwater and
salt water resources including rivers, streams, freshwater altdater wetlands,
estuaries, r&d avariety of aquifer typesThere are numerous rivers and streams on
mainland Puerto Ricdlhere are reservoirs but no freshwater inland laResenty eight
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percent of water in Puerto Rico comes from surface sources 2#tdc@mes from
groundwater sources. Fifty five rivers discharge directly into the sea.

Water resource quality is often assessed on a watershed basistefshedis a
geographic land area within which water flows to a common point. Watersheds are
boundedby ridges that catch rain and snow, and drain into a marsh, stream, lake, estuary,
or groundwater aquifer. Small watersheds nest within larger watersheds or basins. Large
watersheds contain a stream network. Water usually enters a watershed through
preciptation and leaves as streamflow, groundwater discharge, evaporation, or
transpiration. Soil, vegetation, topography, climate, land use, and wildlife are important
factors that affect watershed functions, water quality, streamflow, flooding, and aquatic
life. Functional catchment and drainage areas are shadwgure 9.The ara portrayed

as no drainages the northernKarst zone which consists primarily of subterranean
drainage.

Basin, Watershed and Catchment Areas
in Puerto Rico

H
—] 1:681,757

&
& Nl A 12,500 6250 0 12500 25,000 37,300 30,000
~ PSP e s
o 8
& &F & Data: Basin, watershed and Catchment (USGS)
Mapa: MSued, Negociado de Servicio Forestal, DRNA

Figure 9. Surfacecatchment and drainage areas in Puerto Ricoviequesand Culebra.

Forests play an important role in the regulation of surface and groundwater flow and
quality. Forested watersheds are important for storing watkipeoviding for its long

term release and groundwater recharge. Forests help swst&rshed functionsTrees

and forests help reduce stormwater runoff; filter and buffer pollutants from air and water;
store water and nutrients; protect soils, flood@asnd streambanks; clean and cool air
and water; protect municipal water supplies; reduce flooding; recharge groundwater
aquifers; and provide critical fish habitat. Forests adjacent to bodies of water buffer the
movement of pollutants from upslope landeuactivities and support aquatic health
through regulation of temperature, additions to the food web, and provision of habitat
structure. The amount, location, and management of forest land in a watershed are
important to the quantity and quality of water streams, lakes, wetlands, and
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groundwater aquifers. Clean water is one of the most important forest prdeigats. 10
indicates the location of water bodies relative to high medium and low priority forest
areas based upon an analysis of the existing values associated with the resource through
the Southern Forest Lands Assessnf@ppendixB) .

WATER BODIES IN FOREST PRIORITY AREAS
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Figure 10. Water bodies in Puerto Rico, Vieques and Culebraand their relationship to forest
priority areas.

a. Surface Water Quality

In Puerto Rico, sudce wate quality ispoor in most of the water bodies in Puerto Rico
(DNER 2008a). Themain problers are nutrient pollutiorsuspendededimentandthe
presence of fecadrigin bacteriaFigure 11). Water must be properly treated to be used
as a potable watesource. In isolated mountaareasandin protected forest reserve
lands, surface water quality is not affected by high levels of these pollutants (DNER
20084a). When it rains for a long time or the rain is intense, landslides and sedimentation
are likely to occur whilebacteria and nutrient concentratamay diminishin the short
termdue to dilution
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Figure 11. Concentration of fecalorigin bacteria in rivers, reservoirs and lagoons in Puerto Rico by 2002.

b. Reservoirs

There are fourteen major danpsoviding water and eledtity on the island. The
associatedaservoirs are the main surface water source in Puerto Rico (OB&a)
(Figure 12). During 2004, reservoirs provided 370 mgd of waters for domestic use and
over 32 mgd for agricultural purposes. Jointly, reservoirs account for 55 per cent of fresh
water extraction on the island. Thus preservation of reservoir capadin important
management objective
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