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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.
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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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Riparian Areas

[ Riparian Zone

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

o 35 70 140 210 280

[ Km

- QOpen Water

Forest Priorities According to SFLA Model
I High Priority

Medium Priority
Low Priarity

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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Figure 3.6. Reservoir map.
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Figure 12. Overview of reservoirs of Puerto Rico distribution.

The potential for loss of storage capacity in reservoirs iy veal as theombination of

steep soils, intense rains, and extensive landnuBaerto Ricaontribute to higherosion

and sedimentation ratd®NER 2008a). Rivers transport dislodged sediments to the
reservoirs Thereis a large variation in sedimextion rates from one reservoir to the next

The most forested watersheds among them show significantly lower sedimentation and
run-off of non point sources of pollutigibpNER 2008a).

c. Aquifers

An aquifer is a geological formation saturated with water, the volume and permeability of
which is enough to sustain the extraction of a significant amount of fresh water. Puerto
Rico hosts a diversity of geological formations functioning as aquifers;hwdan be
grouped in three fundamental types: Alluvial deposits, limestone (karst), and igneous
rock. Classification and location of the different aquifers in the island are presented in
Figure B.

Water in aquifers naturally comes from rainwater thatially percolates through the
soils. In general, @velopment activitiegcrease the proportion of impermeable surfaces
within a watershed. This causes an increase in the proportion of rainwater that runs
directly into streams rather than infiltrating intlke soil and recharging groundwater
aquifers. In Puerto Rico some aquifer recharge is enhanced through manipulation.
Recharge in the Karst region is slightly different, in that increases in impermeable
surfacesmay increasevater tosubterranean drainageven though the quality of the
infiltrating water is not desirable
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Figure 13. Classification and location of the aquifersin Puerto Rico, Vieques, Culebra, and Mona Island.



The main aquifers in the island include those formed of limestone and alluvium on the
North Coastthe alluvial aquifers in the inland valleys of Caguaayey and Cidra; and
minor aquifers in the river valleys in the west and east of the isl&ndest cover play

an important roldn areas thaserve recharge corgsrticularly the oneon the north

coast: the central norttind northwest karstic regiomhis karstic zone must be oriented

to the preservation of the lush forested areas, particularly in locations where there are
other benefits such as biological diversity protection and the potential for ecotourism use
(DNER 2008A).

8. Wetlands

Wetlands aranatural areas defined by théiydrology, soil and vegetatiofCowardin et

al., 1979) Wetlands have important functions and economic, social and scientific value.
They help control floods, provide water and recharge areas for aquifers, feed springs,
modify climate, improve water quality, maintain the salt balance needed for estuarine
life, and stabilize and protect coasts. In the econominaareetlands are a highly
productive resource by being a source of fowdod energy, aesthescandrecreational
opportunities Theyinfluence the quality and ecological statusas$ociatedvater bodies

and moderate peak stream flows during storm events. They are important nurseries for
aquatic life.

The area of wtlands in Puerto Rico haecreasedubstantiallyover the past centuries.
Technoloy factors and government incentives led to the progressive destruction of
wetlands in the first decades of the twentieth centbrgughdredging, draiage, and
deposition of landfill as well asther undesirableactivities. In Puerto Rico, coastal
wetlands have been the most impacté&tie wetlands in the East part of the Island have
been impacted byourism, urbapresidential and commercial developments. Meanwhile,
the NorthernArea has been most risk oflosing naturhwetlands as evidenced by the
high incidence omitigationrequests filed througthe Joint Permits Applicatioprocess
underthe Section 404 of the Clean Water Act, and the no net loss of wetlands policy
(Pérez, 2003).

The perception of wetlands assssm with little value has changed in recent decades.
This has led to the enactment of various laws and statutes, both local and federal.
However, even with the existence of laws and regulations aimed at protecting wetlands,
certain practices continue thaduce and alter these ecosystems.

Inventories of wetlands in Puerto Rico mainly cover the coastal Zeigeire X).
Through an NOAA initiative, in 2004 approximately 160,000 ha of benthic niches in the
territorial waters of Puerto Rico were mapped. Appmately 87,578 ha of wetlands
were inventoried (Table 4)lt is estimated that 25% of them are found within marine
protected areas (Lopez, 2007)Marine protected areas can be natural reserves,
marine reserves, coastal state forests, national estuggearch reserves seasonal
fishing closures.
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Figure 14. Overview of coastal wetlands in Puerto Rico (National Wetlands Inventory 1988)

Table 4. Area of coastalwetland types (Lgpez 2007)

System Definition Hectares

Area exposed to sea waves and sea currents with a water s

Marine greater than 385 partger thousand (e.g. coral reefs seagrass be 23,642

_ Area affected by the tide with low energy waves, where the W
Estuarine salinity is greater than 0.5 parts per million (e.g. saltpeter K 31,947
mangroves and coastal rivers).

) Areasin freshwater that may be subject to the ebb and flow of ti
Palustrine Persistent trees, shrubs, and herbaceous plants. Upright
entrenched, submerged and/or floating plants predominate in 31,555
(e.g. swamps, marshes, wet meadows, shallow ponds).

Total 87,144

According to thePuerto Rico Gap Analysis Projed®uerto Rico has 34,000 ha (4%) of

coastal wetlands, of which 42% are saline wetlands and 58% are freshwater wetlands.
Among the freshwater wetlands, 74% (25,100 ha) are dominated by herbaceous
vegetation and 92% (23,000 ha) are seasonally flooded. (Madewus wetlands,

77% (19,300 ha) are not saline and 23% (58,000 ha)tise Borested coastal wetlands

cover approxi mately 1% of t he Commonweal th
mangroves and 300 ha aldoodwood swampsalso known asPterocarpusforests

(Gould, et al. 2007).
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a.Mangrove forests

Mangroves are particularly important coastal forests due to the variety of functions and
benefits they provide (Puerto Rico Coastal Zone Management Program 2009).
Mangroves are composed of tree species adbessory organs for respiration which
allow them to colonize wet and inundated lands. Their physiology allows them to tolerate
high salinity levels. They have aerial roots, floating seeds, and specialized structures
called lenticels and pneumatophorest tallow the entrance of oxygen and the exit of
carbon dioxide.

Mangroves are found along the coast of Puerto Rico in wetlands subject to salt water
intrusion (Figure B). They provide many benefits. They buffer coastlines against the
onslaught of wind assed by weather events. They serve as wildlife refuges, fisheries,
and nurseries for marine life and they serve as sources and natural filters to purify water.
These characteristics distinguish mangroves as coastal systems of high ecologic and
economic vale. Between 70% and 90% of marine life of commercial or recreational
value uses mangroves for at least part of their respective life cycles (DNER, 2003).
Mangroves are also paof the habitat for native and migratory birds, including birds
which are on th federal list of endangered species.

Four mangrove species are reportedPuerto Rico. These species are red mangrove
(Rhizophora mangle) black mangrove (Avicennia germinans) button mangrove
(Conocarpus erectuspnd white mangrove(Laguncularia racema®). In the first

inventory of mangrovesmandated byhte 1870 fiLand Act o, S 0me
counted. An inventory done in 1972 found that the mangrove population had been
reduced to 7,074 ha. Two years later, in 1974, the mangrove popuattoreducedo

6,485 ha (DNER, 2003) Meanwhile, a more recent study analyzing land coverage using
satellite images from 1999 to 2003 reflected 6,700 ha of mangroves (Gould2007).

Historically, mangroves were perceived as areas of low economic productivity providing
mainly wood and charcoand te filling of mangroves waencouraged as a means to
combat malariaHowever, modern medicine has provided alternatives to control this
diseasand today the values of these systems are recogieedjroves can beegraded

or destroyed byactivities such asdrainage, dredgg, filling, sedimentation and

oil spills. The filling of mangroves and adjacent land, which affects hydrology, is the
most serious thread them todayDespite the massive destruction of these systartiei

first decades of the 20thectury, mangrove coveragse increasing due to new legal
protectiongFigure ¥).

8 The mverageof mangroves varies depending on the methodology used for the arfidysisamplet he st ud yof RiBoe St at us
Ricods Forests 20030 r epor groxichatety 7,820 & ahthencgastal areas in ®uertosRics (Brandeisu py ap
2003).In this case, the estimated area for the mangrove forests is based on a soil coverage map and forest formations produced by
Kennaway & Helmer (2006) in 2008aid map classified mgrove forest with 82% precision.
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Figure 15. Locations of mangrove forests in Puerto Rico, Vieques an@ulebra.
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Figure 16. Changes in mangrove forest cover in Puerto Rico over the last 200 years
Source:Martinuzzi, S., Gould, W., LugoA. & Medina, E. (2009).

9. Coral Reefs

Coral reefsaand rock reeEommunities ar@roductivemarine systemsrhey provide habitat for a
large number and variety dish and invertebrateoral reefs protect coastlines from wave
action Theyare a primary source of carbonate sarithey promotethe deposition of sand on
beaches as well as the formation of seagrass beds and mangrbegserve as buffers against
coastal erosion

Puerto Rico is surrounded by approximately 500,000 ha of easy access caréleredefless

than 20 metersdeep)(CSOR, 2005). Some 228 species of corals have been identified in the
territorial waters, including: 117 scleractinian coralscky), 99 antipatharia corals (black or
spiny), 13 corallimorpharia (fungi type coral), three fire corals and five hydrocorals (DNER,
2000). These coral reefs are formed mainly by three types of structures: fringing or marginal
reefs (which are the mostmmmnon), bank reefs and barrier reefs

Living coral reefs are present around Puerto Rind a large numbeare degraded, largely
because of increased sediment and nutrient discharge resulting from anthropogenic modifications
of the densely populated islanthese modifications are associated with intensive land clearing,
agricultural and industrial developmetitat accompany steady increase in the standard of
living (Goenaga and Cintron, 1979; Moreloekal. 1980, 1983, 1985; Rogers, 1990; Acevedo

and Maelock, 1988; Acevedet al.1989; Clark and Wilcock, 2000; Larsen, 2000; Larsen and
SantiageRoman, 2001; Torresnd Morelock, 2002; Weil, 2004,Warne et al. 2005)
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ii. Economic benefits from forests aodrbon seguestration

The inventory ocommerciallydesignated forest covers about 400,000 ha (988,420 ac) or about
45 percent of thésland in 2003 (Brandeis et. al. 2007). A very small percentage of this is saw
timber. The preponderance of small diameter trees on the island indicates cahmeod
production will remain limited for some timedn 1995 there were nearly 4,000 ha of forests
planted on both public and private land for timber purposes (Francis 1995). Species included
mahogany $wieteniaspp), teak Tectona grandis eucalyptus(Eucalyptusspp), Caribbean

pine Pinus caribeg, Maria Calophyllum antillanurjy and mahoeHibiscus elatu}s

However the production and sale of wood products is important to individuals and can serve as
an inducement for forest landowners to consamnd/or manage their forests. There is a need for
more information on existing and potential wood product markets. Potential sources of this
information includes local craftsmen, oral tradition, available inventories in governmental
agencies, updated sawhiformation, commercial suppliers of wood and non wood materials
used for arts and craftCurrently some local artisans are using native wood and other locally
grown wood to produce musical instruments, carvings and other crafts. Inventories could help
link landowners with desirable trees to those who would use them.

Potential agrdorestry approaches may have commercial benefits for communities. In addition
the identification and development of rawod products may be similarly usefurhis includes
items such as medicinal plants, arts and crafts materials, food, animal forage, resins, and olls.

The acreage dénd dedicated to nursepyoduction of trees and palrhas increased since 1992.

In 2008, approximately 897 acres were dathd to this pynmose (Mendoz£010). Of these,

127 acres were used to grow trees and 769 acres for palm produtiiercombined income

in 2008 was $10,934 million of which $2,264 million was generated from ornamental trees and
$8,670 million from palms.The municipéty of Aibonito is distinguished as the leader in this
industry with close to 16 tregqducers and 19 palm producers.

The economic value of Puerto Ricobs forest sl
For example, reduction of sediment to extend reservoir life through reforestation is more cost
effective than continual dredging or construction of new reseramidsprotection of the rivers

and reefs indirectly supports fishing and wat

Reef Management and Conservation Program (CRMCP), commissioned a study to determine the
economic value of coral reefs in EasterneRo Rico, specifically in Fajardo, Arrecifes La

Cordillera, Vieques and Culebra. The study also included the value of associated resources such

as beaches, bays, mangroves, seagrass beds, saltpeter bed, and coastal lagoons. The combined

value came to $@.billion, with tourism and recreation the activities providing the largest share.

In a recent case study, the municipality of Caguas calculated that retaining tree cover saved them

from spending $63,486,739 on runoff control infrastructure like culvedser lines, etc.
(Glogiewicz et al. 2008).

Additional economic opportunities for forest conservation could arise though various payments
for environmental services or through emerging markets in carbon, water, and biodiversity.
Incentives for providing warshed services, including water purification, ground water and
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surface flow regulation, erosion control, and streambank stabilization, may be an important area
to explore. In particular, the 2008 Puerto Rico Integrated Water Resources plan recommends
deweloping incentives for reforestation on private lands in upper watersheds and exploring ways
to decrease sedimentation of reservoirs. There may also be incentives for reforestation and
associated carbon sequestration through the voluntary carbon n@akein credit trading is

one way that private landowners may participate and prosper while contributing to mitigation
efforts. At present there is no active market for carbon on the islHmete is a need to educate

the public about the multiple benefigsd economic value provided by forestry resources in
Puerto Rico.

b. THREATS TO FOREST RESOURCES

i. Development and forest fragmentation

Humans depend on natural systems for survival. The primary impact of development is that built
up areas displace fsts and other vegetation with inert materials that do not provide the
environmental, economic, and social benefits discussed in the sections above (Martinuzzi, et. al
2007). Eleven percent (95,342 ha) of Puerto Rico is composed of urbaafbsitface Wwich is
distributed throughout the island but tends to concentrate in coastal plains and valleys and
follows transportation routes to the very interior of the islawkr time, the concurrent impacts

of resource demand and limited supply can result inifssgnt management challenges and affect

the amount and quality of the goods and services available in the futiPaerto Rico onguarter

of the rich soils suitable for agriculture have already been developed.

The distribution of plant and animal rmoonunities across an unaltered landscape will reflect
differences in soil, climate, moisture, slope, aspect, and disturbance regime. For this reason,
landscapes naturally exhibit variations in the amount, type and distribution of fofdws.
distribution d the people of Puerto Rico is also heterogeneous. The majority of the population
lives in the San Juan Metropolitan Area (U.S. OMB 2000). Sixteen percent of the Island
is in urban use and supports 2.7 million people; 35% is densely populated ruralpipatts

0.8 million people; and sparsely populated land covers 48% of the landscape and hosts less than
300,000 peopléFigure 17)(Martinuzzi et. al. 2007). The least populated parts of the landscape
correspond to agricultural fields, higher elevatiopsptected lands or rugged topography.
Compact construction in urban centers encompasses 60% of total development while the other
40% is more dispersed.

27



DEVELOPMENT LEVEL
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Data from Martinuzzi, S., Gould, W., Ramos Gonzalez, O., (2006)

Figure 17. Distribution of population across Puerto Rico (Martinuzzi et. al. 2007).

Fragmentations the breaking up of large and continuous ecosystems, natural communities, and
habitats into smaller areas surrounded by altered habitat, developed land, distodyext aquatic

substrate. A reference to a forest fragment may refer to either a patch of forest land or, in a different
context, a forest patch of a certain age or st
Fragmentation due to developnt has negative impacts on forests. It decreases forest health and
diversity, the viability of forests as an economic unit, stream stability, health and water quality,
habitat for interior dwelling wildlife species and limitations in recreation use.

Forest fragmentation can involve a simultaneous decrease in the average size of habitat patches, an
increase in the average distance between patches, and an increase in edge effects. As a general rule,
large fragments have more wildlife species and can sustagar wildlife populations than small
fragments (Hunter 1996). As the amount of fragmentation increases, species populations may
become isolated, and the migration of individuals and populations between areas of suitable habitat
becomes more difficult.
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The overall effects of habitat fragmentation on wildlife may be difficult to sort out at first, because
tradeoffs are inherent among species with varying life strategies, and wildlife populations fluctuate
naturally over time. Some species of forest somgbthrive only on very large patches of mature
forest habitat, whereas others flourish in younger, more fragmented habitat. Physical changes in
microclimates can occur as fragmentation affects solar radiation, wind, and water fluxes (Saunders
and others 191). Increases in soil temperature and modified hydrology after harvest can affect
habitat for species such as salamanders. Edge effects occur at the interface of two or more habitat
types; they can be beneficial for some species and detrimental for. @&Harge amount of edge can

result in increased competition, predation, and parasitism among others.

This intense growth pattern in land use has impacted a significant amount of geographic zones
associated to the recharge areas of the main aquifers iito Rieo and has the direct consequences

of soil erosion and sedimentation of water bodies and reservoirs (DRNAa2008ikewise, it

affects the quality of the resource and contributes to the deterioration of the environmental conditions
necessary to stan the aquatic biodiversity. There is also a consequence in the increased costs
incurred to process water for human consumption.

Site location consultations filed at the Puerto Rico Planning Board show the tramtidarspraw|

with urban activities dominating the territory and threatening watershed functions that
support mainly the Rio Grande de Loiza, Rio La Plata, Rio Pi&icasPuerto Nuevo,

Rio Guaynabdrio Bayamon, Rio Cibuco, Rio Grande de Manati, Rio Grande de érewill

Rio Guanajibo basins (Figure 18).

29



Distribution of Site Location
Consultations by Watershed*
(1994 - 2004)
Riu Cibuco

Cuenca del

Rio La Plata hasta Rio Puerto

Nuevo - Rio Piedras

Rio Yagiiez hasta el
Rig Grande de Afiasco

Rio Guanajibo Rio Inabon hastael Rio Loco

o O
a1 e Rio Humacao
Rio Nigua hasta hasta el Rig Séco
el Rio“Jacaguas

Watershed name Total: 10,908
Q Rio Humacao hasta el Rio Seco Q Rio Grande de Loiza O Rio Bayamoén - Rio Hondo hasta Rio Puerto Nuevo - Rio Piedras Commercial: 586
D RiolaPlata D Rio Grande de Manati D Rio Camuy Industrial: 480
D Rio Yagiiez hasta el Rio Grande de Afiasco D Rio Guajataca D Rio Cibuco @®  Site location consultations (1994-2004) Residential: 6406
‘ Rio Inabon hasta el Rio Loco ‘ Rio Guanajibo Q Rio Culebrinas ~ ~~ -~ Main hydrography Other: 3436
O Rio Nigua hasta el Rio Jacaguas O Rio Herrera hasta el Rio Anton Ruiz o Rio Grande de Arecibo * According to a generalized spatial distribution model for watersheds, by the USGS.

Figure 18. Locations of consultations related to commercial, industrial, residential and other development in Puerto Rico
(19942004)
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The increase of population densities in rural land puts pressure on the young forests and open
space on the urban fringe (Martinuzzi et aD&@0D A majority of new development inquiries in
thenonzoned areas of Puerto Rico are occurring
L a n drigufe 19). Thidand use zoning designation is the most permissive classification of the
Municipal Territoral Plans. An additional overlay of this zoning with the wildland urban
interface areas shows that a large portion of the open space on the island is facing development
pressure or that the concerned land has not been yet designated under specificzanthgse

These areas shall be considered priorities, particularly those portions overldppest
priorities (high, medium or lowgreas according t8outhern Forest Land Assessment.

FIGURE 29: GEOGRAPHIC INTERSECTION WITH
"Common Rustic Lands" ZONING CLASSIFICATION

o 35 70 140 210 280

— — Km

|:] DNER Administrative Regions

m Urban Wildland Interface

| "Suelo Rustico Cornin®

Figure 19. Intersection of wildland urban interface and i Co
according to APl anes de Ordenamiento Territorialo approv

ii. Wildfires

Managingwildfires is an important global and local issue given interactions among people,
fire and wild lands. While studies have shown fire has effects on ecosystem structure
and functioning, uncertainties prevail on the particidfiects to ecosystem services due to
feedback loops involving multiple factors such as land cover, invasive species and climate
change (Gould 2008).

Understanding the ecological and social consequences of wildfires in Puerto Rican natural
ecosystems ifundamental and key for important conservation and management actions to be
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planned. Fire prevention efforts need to reach private forest owners and others as the majority of
fires in Puerto Rico are set by people (Gould 2008). Research and monitofires oh our

region has not been a high priority. Most fires and the highest potential for fire occurs in the dry
forest zones. Climate change, extended drought and himthaced landscape fragmentation

have the potential to greatly expand fm@ne ares to moist and wet tropical forests and even

non forested landscapes traditionally firee (Gould 2008). The Caribbean Fire Ecology and
Management Symposium held in San Juan, Puerto Rico in 2007 sent a clear message that in the
New World Tropics humanctvities and fire are intricately linked; at the same time, forest
fragmentation will increase the likelihood of fire.

iii. Hurricanes

Tropical forests are shaped by natural disturbances of varying forces and frequency
(Hartshorn 1978; Lugo 2000). Flood and landslides are secondary disturbances associated
with hurricanes. Hurricanes are one of several natural disturbances that contribute to the
dynamics, structure, and function of forest ecosystems (Borman & Likens 1979a,b; Pickett and
White 1985).

Known effects of hurricanes on Caribbean forests include: defoliation, tree mortality, felling of
trees by uprooting and snapping, variation of food supplies for animal populations and direct
damage to a proportion of their individuals, modification of odtmate and of seeds and
seedling banks dynamics (Tanner et al. 1991; varies based on environmental gradients,
topographic location, stand characteristics, tree size, and species characteristics such as
wood density (Tanner et al 1991; Basnet et al 19%#)rricanes are an important factor
controlling species composition and important aspects of ecosystem dynamics in our region
(Tanner et al; 1991; Lugo 2000; Flynn et al 2009). Their effects have been theorized as a major
determinant of distribution pa&ttns of tree species on tropical forest affected along their
pathways (Basnet et al 1992.

A strategy in urban areas is to establish green infrastructure with the goal mitigating the potential
for wind damage, flooding, and mass wasting (Lugo 2000).

Decades are required for both urban and natural systems to recover from the passage of a single
category 4 or 5 hurricaneHurricane Hugo in 1989 and Georges in 1998 passed through the
natural forested regions of Puerto Rico with various effects They rehifoli@ge or caused tree
mortality over hundreds of acres of forested land on subtropical wet or moist, lower montane
wet, and rain forest life zones. Urban forest resources were not easrmgsfell onto power

lines, houses, vehicles, and roads.

Habitat loss and fragmentation has increased the threat that stochastic events like hurricanes and
tropical storms pose to plants and animals on the island (e.g., Wiley and WunderleFb®93).
example, half the population of thuerto Rican ParrotA(mazonavittata) (ca. 35 individuals)
disappeared when Hurricane Hufma. 35 individuals)struck the islandn 1989 (Wiley and

Vilella 1998). In fact, about half of the wild parrot population disappeared when hurricane Hugo
struck the Luquillo forest in 1989 (\élla and Garcia 1995).
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iv. Climate change

The most general definition aflimate changes a change in the statistical properties of the
climate system when considered over periods of decades or longer, regardless of cause
(Houghton 2001)The effects of climate change have the potential to be devastating in many
areas of the world, including islands with substantial portions of its coastal plain composed of
lowlands close to current sea level. The predicted intensity of change and tHeatimreeover

which change will occur depends on the model; however, most of these agree that climate will
result affect forests along tlmwastlines. The expected changes, presented so far by the United
Nations Environmental Program (UNEP 2008) include:

1 deteiorating coastal conditionsaas for example,beach erosion and coral bleaching
affecting fisheries and touristic coastal scenarios;

1 floods, storm surge, erosion and other coastal hazards, exacerbated|éyelseae,
threatening fundamental infrastruoe, settlements and facilities that support the
livelihood of island communities;

9 reduction in freshwater resources to the point where they cannot meet demand during
drought periods;

1 increased invasion by namative species as result of higher tempeesuparticularly on
middle and high latitude islands;

economic losses from reduced agricultural yields (shortening of the growing seasons and
droughts)

loss of mangrove forests and coral reefs as a consequence of sea level rise;
coral bleaching and acidtftion of the ocean;
damage to terrestrial forests caused by extreme events;

reduction of the size of freshwater aquifers or lenses and of general water resource
availability due to decreased rainfall and salt water intrusion;

inundation on coastakttlements and arable land on the coast;
reduction in tourism due to increased frequency and extreme severe weather.

= =4 =4 4 =

= =

9 Hurricanes and tropical storm winds can reach more than 170 miles per hour and can
devastate the landscape (Reilly 1291

Various climatechange scenarios pose the possibility that Puerto Rico may experience more
frequent and more intense hurricanes in the future. However the information on the effects and
outcomes of past hurricanes and tropical storms, as described above, can be oseipdte a

possible effects of either increasing or decreasing hurricane frequency and intensity (Lugo 2000).

The expected sea level rise is another issue that will significantly affect certain forests in
Puerto Rico, mainly within the coastal zone. #erin sea level of just one foot could have a
detrimental effect on coastal forests areas, including mangrove systems and other coastal
swamps characteristic of lower saline intrusion such as bloodwood swattgr®carpus
officinalis) and pond apple swamg8&nnona glabry All these coastal forests act as nurseries

for fish, habitat for other wildlife, and sediment filters for runoff. Data available suggests that
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undercurrent ondi ti ons sea | evel could rise fasom 48
much as 880 cm (27. 7086) thd &zt rhlindrednyears.t Tha Imore 2 0 0 8
conservative numbers from IPCC estimatel®2 cm over next 100 years. Sea level rise could

have a domino effect if FEMA flood zones, push development back into thelceolcanic

parts or karstic zones of Puerto Rico.

Climate change is likely to exacerbate many of the existing threats to forest ecosystems.
Climatic warming and drying and the increase in invasive species will make forests more
vulnerable to wildfire. Evidence of this is already being seen in the Island where wildfires are
increasing in frequency and occurring in areas where such fires have never been recorded before
(Robbins et al. 2009).

Puerto Rico has been identified by World Bank among natwtis higher carbon dioxide
emissions per person in Latin America and the Caribbean compared to world average emission
(Figure 20). Climatic warming is mainly caused by increasing CO2 emissions in our
atmosphere. Forests store carbon dioxide therefareakses in forest cover increase the amount

of carbon dioxide in other parts of the cycle.

Climate change can hegarded as a proces$ longterm change that requires a monitoring
mechanism or protocol to categorize management applications and setting priorities can focus on
adapting to the climate change procd&ssen the importance role forests play in sequestering
carbon, expanding fest cover is a logical response to climate change. Carbon credit trading is
one way that private landowners may participate and prosper while contributing to mitigation
efforts. At present there is no active market for carbon on the island.
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Figure 20. CO2 emissions per person in Latin America and the Caribbean compared to world and i@Qanization for

Economic Co-operation and Development (OECD) average emission

Indicators of year 2008 and US Energy InformationAdministration.

v. Invasivespecies

Obt ained

from Worl d

Bank?©é

In 1999, Executive Order Num. 13112 was signed by President Bill Clinton, with the purpose of
preventing the introduction of invasive plant and animal species, providing resourcesrfor thei

control, and diminishing their main economic and ecological impact.

Under this Executive

Order, federal agencies could not authorize, nor provide funding or accomplish any action

considered capable of causing or promoting the introduction or dispefsiovasive species to

the United States of America (USA), unless all reasonable measures that diminish risks are
considered first. This Order is applicable to Puerto Rico and requires action by several federal or

Commonwealth agencies.
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Thesefollowing terms are commonly used when discussing exotic organisms and invasive
species.

1 Nativei Organisms found within what is considered their natural range.

1 Endemici Similar to native but usually refers to a more specific geographic range.

1 ExoticT Exotic species are any organism taken from their natural range and transported
to a new area. This only pertains to organisms moved by humans, such as in cargo ships
or planes. It does not include natural migrations like birds or fish that travel grea
distances.

1 Naturalizedi An organism that is able to reproduce itself unassisted in their new habitat
is considered naturalized.

1 Invasivei An organism that grows or spread aggressively in its new environment and
causes environmentand/or economic harmilists showing exotic agricultural pests
invasivespecies in Puerto Rico detected during years 2009 and 2010 and obtained from
www.invasiveorg/state.cfm?id=us pmare shown on Tables 5 and 6:
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Table 5. 2009 Puerto Rico Exotic Agricultural Pests Invasive Species

Common Name

Scientific Name

Bud Borer; Shoot Moth

Crocidosema aporema

Chili Thrips:Yellow Tea Thrip

Scirtothrips dorsalis

Citrus Canker

Xanthomonas axonopodis. citri

Citrus Greening Huanglobing (Asian)

Candidatus Liberibacter asiaticus

Coconut Rhinoceros Beetle

Oryctes rhinocerus

Eqgyptian Cottonworm

Spodaptera littoralis

Giant African nail

Achatina fulica

Goldon Twin Spot Tomato Looper

Chrysodeixis chalcites

Hibiscus Erineum Mite

Aceria hibisci

Japanese Wax Scale

Ceroplastes japonicus

Lobate Lac Scale

Parachatardina pseudolobata

Old World Bollwarm

Helicoverpa armigera

Oriental RedMite

Eutranychus orientalis

Passionvine Mealybug

Planococcus minor

Red palm mite

Raoiella indica

Silvery Moth

Autographa gamma

Soft Wax Scale

Ceroplastes destructor

South American Palm Weeuvil

Rhynchophorus palmarun

Striped Snail

Cernuella virgata

Summer Fruit Totrix Moth

Adoxophytes orana

Twospotted Citrus Psyllid

Trioza erytreae

Yellow Witchweed

Alectra vogelii

Table 6. 2010 Puerto Rico Exotic Agricultural Pests Invasive Species

Common Name

Scientific Name

Citrus Leprosis

Citrus Leprosis Virus

Giant African Snall

Achatina fulica

Giant Ghana Snail

Achatina achatina

Mango Seed Weevil

Sternochetus mangiferae

Mealybug

Hypogeocus pungens

Nigerian Land Snalil

Limicolaria aurora

Palm Lethal Yellowing

Phytoplasma
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Islands have long been considered to be particularly vulnerable to biotic invasions. Usual
predictions concerning the number of invasive plant species per island group are based on factors
such as: area and isolation, habitat diversity and human develogDoamprehensive data set to

date on the global distribution of invasive plant species in natural areas of oceanic islands have
shown that island area, latitude, isolation from continents, number of present non native species
with known invasion history,ral native species richness do not seem to retained as significant
factors in the multivariate models (Kueffer et al 2009).

In Puerto Rico, close t60 species of exotic vascular plants, of different growth forms, are being
considered preliminarily as invasive species by a local inter agency committee under the
leadership of the Commonwealth Transportation and Highway Authority.  This committee
startedworking during year 2000 in response to the implied requirement settled by the Executive
Order 13112. Although this list has not acquired official status yet, some of the species
included, detected at sensitive wetlands of the Island, have been slilipet#ehnical research
concerning aspects of its distribution, population biology, and biological control in Puerto Rico
(Pratt et al. 2005; 2006).

Contributions from field of population biology hold promise for understanding invasiveness and
recognizingwhen management could be effective (Sakai et al. 2001). However, the effects of
invasive, norindigenous species on ecosystem processesstdrebe studied and debated
(Coluatti and Maclsaac 2004; Lugo 1990; 1992; Rudel et al. 2001; Lugo and Helmer 2004;
Lugo 2004).

Attempts to redefine commonly used terminology have proven difficult because authors are often
partial to particular definitions. Some authors propose invasive species do alter properties of the
ecosystems at several scales including geonwbogy, hydrology, biogeochemistry, and
disturbance (Gordon 1998) based on anecdotal observations. Predatory and competitive impacts
of biological invasions are well documented, same as success of invading exotics do to having
escaped their natural enemiand not because of novel interactions with their new neighbors
(Callaway and Aschehoug 2000; Jenkings and Pimm 2003). Plant diversity patterns, plant
community structure and forest regeneration patterns have been interpreted as strongly affected
in the Luquillo Mountains of Puerto Rico due an invasive tropical tree species introduced over
180 years ago into the Island (Brown et al 2006). In contrast, perspectives and paradigms based
on such data seem to be threatened by new concepts and observatimigesStrough recent
ecological literature found that facilitative interactions between invasive and native species occur
in a wide range of habitats, can have cascading effects across trophic levels, can restructure
communities and can lead to evolutionahanges; recent evidence suggest several mechanisms
that exemplify how exotic species can facilitate native species (Rodriguez 2006), having
important implications for management, eradication and restoration. The change in species
composition taking pice due to invasiveness might not be seen as chaotic process, instead a
directed process responding to fundamental changes the conditions of the planet (Lugo 2004).
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vi. Pests and diseases

The Agricultural Extension Service of the University of PuertcmRicMayagiezhas been able
compile along time a list of native and non native insect species that, at certaytldestages,

affect adversely particular organs of native or naturalized tree or shrub species occurring on
forested ecosystems or urbamefst system (Martorell 1945; Almodovar 2008). Table 7 shows a
list of the concerned species considered pests in Puerto Rico forests and their host woody plants

Table 7. Natives and non natives insects species detected in Puerto Rico, considered
harmful to local tree or shrub species

Insect scientific name

Insect common names

Tree or shrub species affected,
present in Plerto Rico

Bixa orellana; Bucida buceras; Casuarina
equisitefolia; Delonix regia; Inga vera;

Aspidotus destructor

Apate monacha t e apate bo Eugenia jambos; Linociera domingensis; Mel
t I adr ador d|azedarach; Persea americana; Picramnia
pentandra;Salix chilensis
Aphis gossyppi Ag8fi doo no information available
Cocos nucifera; Annona glabra/ Barringtonia
t he coconut speciosa; Grevillea robusta; Mammea

americana; Persea americana; Phoenix

Chlorida festiva

queresa del dactylifera; Psidium guajava; Terminalia
catappa
t he mango b g Albizzialebbeck; Casuarina equisetifolia;

barrenador d

Mangifera indica; Stahlia monosperma

Chrysomphalus

the Florida red scale

no informationavailable

aonidum
Albizzia lebbeck; Andira jamaicensis;
Byrsonima spicata; Cedrela mejicana; Cedre
odorata; Ceiba pentandra; Chrysophyllum
] cainito; Coccoloba uvifera; Cordia alliodora,;
Diapprepes sugar cane We Delonixregia; Ficus stahlii; Guaicaum
abbreviatus de |l a cafTabo officinale; Inga vera; Lagerstromia speciosa;

Melicocca bijugata; Thespessia grandiflora;
Persea americana; Psidium guajava; Swiete
macrophylla; Swietenia mahogani; Tamarind
indica; Terminalia catappa

Eulepte concordadi

the roble leaf
webber/ Ateje

Tabebuia argentea; Tabebuia heterophylla;
Tabebuia lucida; Tabebuia rigida; Tabebuia
schumaniana; Crescentia cujete; Spathodea

del robl eo campanulata
Andira inermis; Chrysobalanus icaco;
Exophthalmus t he gr een b u Coccolo_ba uvifera; Cono.carpus erectus;
. R Dalbergia ecastophyllum; Elaodendrum
roseipes verdeo

xylocarpum; Hymanea courbaril; Inga vera;
Inga laurina; Terminalia catappa

Homaledra sabalella

the palm leafwebber/
itejedor de
pal masao

Cocos nucifera; Prestoea montana

Iceria montserratensis

no official common name;
at first glance it looks as th

cottony cushion scale

Byrsonima spicata; Callophyllum cdla;
Casearia sylvestris; Casuarina equisitefolia;
Chrysophyllum argenteum; Cocos nucifera;

Ficus nitida; Inga vera; Inga laurina; Mamme
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Table 7. Natives and non natives insects species detected in Puerto Rico, considered

harmful to local tree or shrub species

Insect scientific name

Insect common names

Tree or shrub species affected,
present in Plerto Rico

(Aiqueresa al

americana; Psidium guajava; Samanea samg

Iceria purchasii

the cottony cushion scale/
fifigueresa al g

Casuarina quisetifolia; Erythrina glauca;
Senna emarginata; Prosopis juliflora;
Pithecelobium dulce

Ischnaspis longirostris

the black red scale

no information available

Megalopyge krugii

fl annel mot h

Andira inermis; Byrsonima spicata; Cocos
nucifera; Delonix regia; Erythrina glauca;
Ficus laevigata; Guaiacum officinale; Guarea
trichiloides; Guazuma ulmifolia; Inga vera;
Inga laurina; Nectandra sintenisii; Ormosia
krugii; Psidium guajaba; Rhizophora mangle;
Sciacassia siamea; Spondias purpyrea
Terminalia catappa; Triplaris caracasana

Nasutitermes costalis

common termite/
Aficomej ®n 0

Albizzia lebbeck; Albizzia procera; Andira
inermis; Artocarpus communis; Bucida
buceras; Bursera simarouba; Callophyllum
calaba; Canagium odorata; Capparis
portoricensis; Casuarina equisetifolia;
Cecropia peltata; Cedrelaodorata; Ceiba
pentandra; Coccoloba uvifera; Cocos nucifer
Colubrina arborescens; Crescentia cujete;
Delonix regia; Eucalyptus robusta; Ficus
elastica; Inga vera; Petitia domingensis;
Prestoea momina; Roystonea borinquena;
Swietenia mahogani; Terminalia catappa

Oiketicus kirbyi

bagworm/ for

casuchabo

Casuarina equisetifolia; Casearia sylvestris;
Ceiba pentandra; Chrysophyllum cainito;
Cordia alliodora; Cupania americana,
Guazuma ulmifolia; Téspesia populnea;
Ochroma pyramidale; Petitia domingensis;
Persea americana; Pisonea aculeata; Randig
portoricensis; Terminallia catappafhuja

orientalis; Tabebuiaspp.

Pachylia ficus

the ficus sphinx

Ficus nitida; Castilla elastica

PECtyn.Ophora the pink bollworm Thespesia grandiflora; Thespesia populnea
gossypiella
Coccoloba uvifeera; Schefflera morototoni;
Lagerstromia speciosa; Bucida buceras;
Phyllophaga may beet | e/ | Cordiaalliodora; Cordia sebestena; Grevide
portoricensis may o fo) robusta; Sterculia apétala; Sterculia foetida;

Swietenia mahogani; Swietenia macrophylla;
Terminalia catappa

Pseudalcapasis

west indian peach scale

Calatropis procera; Clibadium erosum;
Erythrina poeppigiana; Fraxinus sp.; Gleditsié
triacanthos; Mammea americana; Mangifera

pentagona inindica; Thespessia grandiflora; Hibiscus
tiliaceum; Salix chilensis; Trema lamarkiana;
Trema micrantha

Pseudococcus me al ybug/ 0 c| Barringtonia speciosa; Callophyllum calaba;

adonidum hari nosabo Erythrina glauca;Hibiscus tiliaceus

Psychonoctua mangrove sterdborer/ Eugenia jambos; Laguncularia racemosa;

personalys Abarrenador Rhizophora mangle
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Table 7. Natives and non natives insects species detected in Puerto Rico, considered
harmful to local tree or shrub species

Tree or shrub species affected,
present in Plerto Rico

Andira inermis; Annona muricata; Cedrela
mejicana; Cordia alliadora; Cordia sulfata;
Crescentia cujete; Erythrina berteroana;
Erythrina glauca; Erythrina poeppigiana;Ficu
laevigata; Ficus nitida; Gleditsia triacanthos;
Guarea trichiloides; Guazuma ulmifal
Isandrina emarginata; Eugenia jambos;

bl ack scal e/]Lagerstromiaspeciosa; Manilkara bidentata;
negr a o) Thespesia grandiflora; Ocotea portoricensis;
Petitia domingensis; Psidium guajava; Sciaci
siamea; Sideroxylon foetidissimum;Spathode
campanulata; Spondias dulcis; Statia
apétala; Swietenia mahogani; tamarindus
indicus; Tectona grandis; Terminalia catappa
Trema lamarckiana; Trema micrantha;
Zanthoxylum flavum

Anacardium ; occidentale; Bixa Orellana;
Chrysobalanus icaco; Coccoloba laurifolia;
Mangifera indica; Psidium guajava; Spondias
bombim; Terminalia catappa; Zanthoxylum
monophyllum

sea dgr ape Wa Coccoloba uviferaotherCoccolobbaspp;
Il a uva de pl| Triplaris surinamensis

Insect scientific name| Insect common names

Saissetia oleae

Selenothrips cacao thrips
rubrocinctus cacaoo

Sericocerina krugii

the fall arm
Spodoptera frugiperdg gusano de ejército de Seedlings oEucaliptus robusta
ot ofYoo

Albizzia lebeck; Cocos nucifera; Inga vera;
Inga laurina

Xyloborus affinis ambrosia beetle

c. LAND CONSERVATION AND MANAGEMENT IN PUERTO RICO

Spain recognized the importance of forests and forest products. During the last quarter of the

19" century, various forest areas and forest types on the Island were identified as resources of
special value to be protected for the benefit of the public. Management plans were developed and
implemented under a jurisdiction called the Puerto Rico Forestple ct i on (Al nspe:
Mont eso) . We t mont ane and coast al tidal for e
their special value.

The importance of forest resource conservation was reinforced in US policy. Several public
forests were proclaimednd managed for conservatidoy theinsular civilian government of

Puerto Rico during the 19105920s, 1930s and 1940s. Today many of these areas form the core

of lands designated in the State Forest system and are under the administration of the Department
of Natural and Environmental Resources Forest Service Bureau (DNERFSB). The Insular
government also managed areas in the Luquillo Mountains until the President Theodore
Roosevelt established the Caribbean National Forest. The USFS now manages this
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Nationd Forest which, as of April 2007, is called El Yunque National Forest to reflect island
culture and history.

Land protection is an important conservation tool todalge FPuerto Rico Gap Analysis Project
(PR-GAP) conducted an inventory of protected areasl an evaluation of the degree of their
management for conservation purposes using information from federal and state agencies, the
Conservation Trust of Puerto Rico and the Puerto Rico Planning Board. (Gould et al, 2008). The
project identified 90 stewadship areasof which 77 have some type of management for
conservation. Among areas, 59% of the stewardship areas are managed by commonwealth
agencies, 30% by federal agencies, and 11 % bygnearnment agencies. Another key finding

was that management pk for many areas either do not exist or have not been updated to
provide direction for todayos conditions (e.
restoration, and increased development presgbiggre 21).
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US Forest Service has a number of programs to provide technical and financial assistance to non
industrial private landowners ancbmmunities (Table 8). The Department Matural and
Environmental Resources, Forest Service Bureau is the primary state administrator for most
USFS Cooperative programs, with one exception; the Puerto Rico Fire Service is designated as
the primary agency responsible for implementation of tlaeStire Assistance and Volunteer

Fire Assistance Program.

Table 8. USDA Forest Service Cooperative Programs available in Puerto Rico.

Program Purpose
. -Provides technical assistance, through State forestry ag
ForestStewardship partners, to nonindustrial private forest owners to encouragg

enable active longerm forest management. A primary focus
the Program is the development of comprehensivdti-resource
management plans that provide landowners with the inform
they need to manage their forests for a variety of products
services.

-Promotes the conservation of soil, water, flora and fauna thr
the protection and effective manageitneiprivate forest land.
-Promotes greater participation of owners in the programs.
-Develops projects that are aimed at improving water qu
through the protection and conservation of watersheds and
areas.

-Provides technical and financial assistance to communi
Urban and  Communit} hplic and private entities and municipalities on the manage
Forestry of urban forest resources to promote a sustainable ecosysten
-The program has an Advisory Council composed
representatives of variousectors of society, whose prima
function is to advise the director of the DNERFSB in the pro
of implementing the program. provide technical and finan
assistance to communities, public and private entities
municipalities on the management wfban forest resources
promote a sustainable ecosystem.

-Promote the protection of forest areas through the purcha
Forest Legacy* private land forest value that are under threat to be convert
nonforest uses and have features that warraesgywvation anc
enrich our natural areas. This goal can be achieved throug
purchase of land or purchase conservation easements Puert
competes with other states for funding of this program w
should provide a matching 25% of the state.




Table 8. USDA Forest Service Cooperative Programs available in Puerto Rico.

Program

Purpose

Communty Forest Oper
Space Conservation

-The purpose of the CFP is to competitively award grant
enable local governments, Indian Tribes, and nonp
organizations to establish community forests by acquiring
protecting private forest lands that willgmide continuing anc
accessible community benefits. Community benefits provide
community forests established through this program include
are not limited to: economic benefits through sustainable f
management; environmental benefits such laanc water ang
wildlife habitat; benefits from forediased educational prograi
including vocational education program in forestry and servin
models to guide stewardship on private forest lands;
recreational benefits, including hunting and fishiRgblic acces
to the community forests is required and intended to enh
public health and webeing.

Forest Health Managemen{

-Works in partnerships to prevent, suppress and-ghewspread
of native and nonnative forest insects, pathogens,imrasive
plants affecting urban, rural, and wildland forests.

Forest Health Monitoring

-Monitors the forests of the United States to detern
detrimental changes or improvements to forest health that
over time.

State Fire Assistance

-Provides finacial and technical support directly to the states
enhance firefighting capacity, support commutised hazar
mitigation, and expand outreach and education to homeoy
and communities concerning fire preventiofhe program
requires a 560 matchby the state.The delivery system i
through the State Forester.

Volunteer Fire Assistance

Provides financial, technical and other assistance to rural

communities with a population of less than 10,000 matched

a 5050 basis either by the state or coomty. The State

Foresters and their staff deliver this program. Some benefits

include:

1 Available funding to renovate equipment obtained throug
the Federal Excess Personal Property Program

1 Improved fire protection capabilities and capacity in rura
areado protect lives and other rural investments

1 Improved effectiveness of fire protection in wildland urba
interface areas

1 Complements state and federal firefighting forces to
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Table 8. USDA Forest Service Cooperative Programs available in Puerto Rico.

Program Purpose

optimize fire protection across ownerships
1 Complements the Rural Fire AssistancegPam provided
by the Bureau of Land Management

The US Department of Agriculture and the US Department of Interior have technical and
financial assistance program that are complementary to the Cooperative Programs described
above. The cost incentive gmams are the one most commonly used to establish, restore and
manage forestland (Table 9).

Table 9. USDA Natural Resource Conservation Service and US Fish and Wildlife incenti
programs available to nonrindustrial private landowners in Puerto Rico.

Program Purpose

-Provides avoluntary conservation program f
farmers, ranchers and owners of private,-n
industrial forest land that promotes agricultu
production, forest management a
environmental quality as compatible natio
goals. EQIP offers financial and technical h
to assist eligible producers install or implem
conservation practices on eligible agricultu
land.

Environmental Quality Incentive Prograt
EQUIP

-Is a voluntary program for conservatig
minded landowners who want to develop @
improve wildlife habitat a agricultural land
nonindustrial private forest land, and Indi
land.

Wildlife Habitat Incentive Program, WHIP

-Partners with landowners, municipalitie
schools, and other organizations to resi
habitats on private lands. The progr
provides technicalassistance and matchir
federal funds to more than 90 projects
restore stream banks, uplands, wetlands,
other habitats used by wildlife in Puerto Ri
and the Virgin Islands. Projects are designe
benefit fish and wildlife while meeting th
needsand desires of private landowners.

Partners for Fish and Wildlife, PFW
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Table 9. USDA Natural Resource Conservation Service and US Fish and Wildlife incenti
programs available to nonindustrial private landowners in Puerto Rico.

Program

Purpose

Conservation Reserve Program, CRP

The Conservation Reserve Program (CRP)
voluntary program for agricultural landowne
Through CRP, you can receive annual re
payments and coshare assistance to establ
long-term, resource conserving covers
eligible farmland.

Conservation Stewardship Program, CSP

A voluntary conservation program th
encourages producers to address reso
concerns in a comprehensive manner by:
1 Undertaking additional conservatic
acivities; and

f Improving, maintaining, and managir
existing conservation activities,

Healthy Forests Reserve Program, HFRP

Assists landowners, on a voluntary basis
restoring, enhancing and protecting forestl
resources on private lands throughisements
30-year contracts and 2kar cosishare
agreements.

Tax incentives are one strategy used in land conservations. The Auxiliary Forest Program is
authorized by Article 10 of Law 133, Forest Law of Puerto Rico and enables the Secretary of the

DNER to designate private forest land as State Auxilfaoyests Figure 22. Private forest
landowners with five or more acres of continuous forest dedicated to consematiorthe
production of forest products. In return, landowners are exempt fromdaxtéte land and any

income from forest products produced and sold in the market. As part of the program, each
landowner has to lva to have a Forest Service Bureau approved forest management plan. The

tax exemption is assigned by the Treasury Departnidms. designation has to be revised and
renewed every year. In 2002938 hectares and 67 landowners were enrolled in the pmpgra
but 110 landowners with 2300 hectaneeviously enrolled in the programiid notreenroll.
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[ state Forests I ~ctive Auxiliary Forests (2007) Forest Land Enhancement Program: 1367.52 Ha
Active Auxiliary Forests (2007) 2938 Ha,

Inactive Auxdliary Forests Inactive Ausiliary Forest 2288 68 Ha

FLEP Management Plans

[] oNERRegions

Figure 22. Location of private forests enrolled in state DNER state auxiliary forest programs

Private conservation and management are necessary to presezgeltiggcal benefits of forests

since it has been documented that as much as 82% percent of forests in Puerto Rico are held in
private ownership (DNER 2000). An analysis conducted by the Forest Stewardship Program
(FSP) documents 104 private landowners widinagement plans covering four thousand eight
hundred thirtythree (4,833) acres distributed among five major river basins: the Rio La Plata, the
Rio Grande de Arecibo, Rio Grande de Manati, Rio and Rio Grande de Patillas Guamani. Of
this acreage nearlg1% is forested, 3.7% is in agroforestry use, and 0.01% is in riparian
ecosystems (Figure 23).

104 management plans Pasture, 764.25,
4833.28 acres 15.81%
(4,976 cuerdas)

Agriculture, 517.88,
10.71%

B Agropecuario,
- 280.77, 6.02%

, 51788,
.71%
-. . 6. “nl
I /qroforestry, 179,39,
3.71%
.66, 2.70%
, 14.28, 0.30%
o

60.74% .

e Infraestructure,
130.86, 2.70%
Others, 14.28, 0.30%

Riparian ecosystem
0.32, 0.01%

Figure 23. Land use onproperties enrolled in theForest Stewardship Program DNER)
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There are numerous laws related to natural resourdeserto Rico. The most significant are

listed in table 10.

Table 10 List of selected statutes related to forest resources protection in Puerto Rico

Statutes Name Objective
Constitution of the | t establishes as
Commonwealth (o] efficient conservation of natural resourc

Puerto Rico adopted i
1952

as well as the best development and us
these for the bene

Commonwealth Law
No. 23 of 1972, a
amended

Organic Law of the
Department of Natura
Resources

It creates DNER and assigns to it, amq
several things, the responsibilityof
establishing programs for the conservat
of the PR natural resources, fore
included

Commonwealth Law
No. 133 of 1975, a
amended

Puerto Rico Forests
Act

It establishes the public policy of tf
Commonwealth to protect, expand 4
conserve the forésresources of PR.

creates the Commonwealth Forest Servi

Planning Board
Regulation No. 25

Planting, Cutting and
Foresting Regulations
for Puerto Rico,

It requires a DNER permit for cutting a
grooming trees on public or private land
Puerto Rio.

Commonwealth Law
No. 144 of 1976, a
amended

Law for the extraction
and excavation of
Earthoés cr
components

|t prohibits the |
components extractions and excavation:
natur al resources
Commonwealth Forests)

Commonwealth  Law
No. 136 of 1976 (als(

Act for the
Conservation,

It assigns to DNER the faculty of plannii
and ruling the usage, conservation 4§

known as tt Development and &k | development of water resources in |
Act 0) of the Water Commonwealth, those superficial as my
Resources of Puerto | as subterranean.
Rico
Commonwealth  Law Depatment of Natural| It creates DNER Rangers Corp who

No0.29 of 1976

and Environmental
Resources Rangers

supposed to enforce all the Commonwe;
statutes available for the protection of

Corp Act natural resources (forests included)
Commonwealth  Law New Wildlife Law of | It authorizes the Secretary of DNER to r1
No. 241 of 1999 Puerto Rico all activities related to the wildlife well

being, included its habitats

included)

(foreq
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[ll. PUERTO RICO STATEWIDE STRATEGIES FOR FOREST RESOURCES

a. Strategies Overview

In 2008 the Congress of the United States of America enacted the Food, Conservation, and
Energy Act. This Act included an amendment to the Cooperative Forestry Assistance Act of
1978. The amendment required each State and Territory to provide a Stakesedsment of

Forest Resources and a Statewide Forest Resources Strategy to the Secretary of Agriculture,
USDA. This document fulfills the requirement for the Puerto Rico Statewide Forest Resources
Strategy. The Puerto Rico Statewide Assessment of FRessiurces identified three broad
goals for the Puerto Rico Department of Natural and Environmental Resources Forest Service
Bureau:

1. Conserving working forest landscapes
2. Protect forests from harm
3. Enhance public benefits associated with trees and forests

Within each of these goals are a number of priority issues to be addressed. The issues were
identified in the forest resources assessment section and are as follows:

i. Priority Issues

1. Fragmentation of forest systems

There is concern by the public about the urbanization and development of land previously in
forest, cropland or pasture especially, the loss of public open space and fragmentation of large
forest parcels.

2. Water resources and watershed conservatioriesiras

Water quality is an issue of concern to the public and natural resource professionals. For
domestic water supply watersheds, management practices and forest cover are viewed as key to
maintaining the quantity and quality of water resources.

3. Information needs related to ecosystem services and other benefits fromagmablicivate
forest land.

The people of Puerto Rico have begun to raise awareness about the conservation of its natural
resources and to develop new initiatives among governmentiagerNon Governmental
Organi zations (NGOG6s) and citizen groups. Pr
manage their own land responsibly. The larger public needs information about the benefits of
conservation programs, protected natural areabgaisting and new economic opportunities in

order to integrate conservation into public policy decisions regarding land use throughout the
island (e.g. initiatives to bring together regional planning efforts for the conservation of
natural resources).
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4. Disturbances affecting forests (hurricanes, floods, fires, pests, etc.)

The natural and anthropogenic disturbances were a concern or area of interest of the participants
in the public consultation by DNBFSB. The types of disorders most commonly ideatfiby
participants were hurricanes, forest fires and climate change.

5. Concern over invasive species

People want to know which exotic invasive tree and wildlife species are problematic and why.
They are most concerned about impacts in natural areas.

6. Economic opportunities and alternative market development

People want to expand existing and develop new viable economic markets associated with
forests. This includes providing market opportunities for private landowners-faggsiry,

wood and nofwood forest products), neextractive uses of public lands (e.g. @oarism,
recreation), and ecosystem service markets (e.g. valuation and sale of forest §exvicadon
storage, water production, biodiversity conservation, coastal protection).
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ii. Priority Landscapes

One of the greatest challenges in natural resource conservation and management is to effectively
integrate and use many types of information in decisiaking. Landscapes are usdbelcause

they have geographic boundaritsat help ieéntify the scopeof the ecological social and
economic conditions that need to be considerethe landscape scale is well suited for
collaboration and the tactical and operational planning needed to implement conservation
practices and conduct forest mgament. The Areas presented as Priority Landscapes each
highlight different high priority concerns and a primary implementation focus rooted in the State
and Private Forestry Cooperative programs. They are not mutually exclusive. The strategies
section tlat follows gives a more comprehensive picture of the range of programs and
partnerships to be used.

Sevenpriority landscapes have been identified based on analysis of the public issues, resource
status andrends, and partnership opportunities. They are:

Interface Landscapes

Critical Wildlife Areas

Areas of Hydrologic Importance
Fire Prone Landscapes

Urban Forests
RiparianCorridors

Joint Priority Landscapes

= =4 -8 8 _48_9_-°

Addressing these priority issues to achi¢ive aforementioned goals requires creating a set of
instrumental strategies for such objective. It also requires the provision of guidelines as to how
the goal contributes to the management of the issues. For each goal a matrix of strategies has
been preided that address the issues. These strategies are meant as guides to the process of
managing Puerto Rico forest resources into the near future.
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1. Interface Landscape

The DNER Forest Service Bureau will focus on acquiring land and easements imtithres puf
Forest Legacy Areas that fall within the wildland urban interface (Figure 24). The primary
objective is to retain large blocks of high quality contiguous forest that provide for the critical
elements in the attached Analysis of Need. (Appendix A)

The Forest Legacy Program is a volunteer land acquisition and conservation easement program
that is administered by US Forest Service, and implemented cooperatively with the DNER Forest
Service Bureau. At present, eight Forest Legacy Areas have beeifiedebased on the
following criteria: forest condition, water basins, biodiversity, scenery, cultural attributes,
wildlife habitat, and recreational potentidhey are Guéanica, Caonilid3os Bocas, El Yunque,

La PlataCoamo, Maicao, Maunabo, QuebradilaRb Grande de Liaa.

URBAN WILDLAND INTERFACE ZONES IN FOREST LEGACY AREAS

0 35 70 140 210 280
N N I S— <1

D Forest Legacy Areas

[ Urban Wildiand Interface

Figure 24. Overview of urban wildland interface zones(Martinuzzi et al. 2007 ) and Forest Legacy Areas in

Puerto Rico.
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2. Critical Wildlife Areas (CWAS)

Figure 25 displays the Critical Wildlife Areas identified in the Puerto Rico Comprehensive
Wildlife Conservation Strategy (DNER 2005). These areas were delineated by determining the
locaton of And fAnecessaryo to perpetuate the exist
DNER. The species underlying selection of these areas are classified as threatened using the
IUCN red list methodology. The purpose of this landscape is to ensure fdriat Isaavailable

to sustain the most threatened species on the island. A list of public land within each areas is
found in the Appendix E . The DNER Forest Service Bureau will work closely within and
without the Department to manage their own land tetntieis need, to prepare private forest
management plans that considéldlife objectives, and to educate community.

70 0 70 Kilometers A

Figure 25. Map of Critical Wildlife Areas of Puerto Rico and their respective geographical locality (obtained
from Puerto Rico Comprehensive Wildlife Conservation Strategy DNER 20035.
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3. Areas of hydrologic importance

The primary objective in this landscape is to maintain and/or restore sufficient forest cover to
extend the lifespan of existing water supply reservoirs. The target zones are areas upstream of
existing reservoirs Higure 26) as well as Hydrological Reserves (Table 11). Management
activity will focus on lands where reforestation or other forest management will improve
sediment and erosion control. The analysis was conducted by the DNER and the Office of the
Land Use Plarof the Rierto Rico Planning Board. It considerpeapitation intensity, slope

soil types, aquifer recharge zones, and landirusiee preparation of the base map. Alternative

and much more expensive responses to loss of reservoir capacity includsomsvuction,
hydraulic engineering, and continuation of existing dredging opergfidER 2008a).

Puerto Rico Most Important Hydrological Regions

@D Reservoirs ) Reservoir Watersheds

Hydrological Regions ,X
- Central Region Valley .Zayey Mountain Range. East Coastal Plains 1_":“0
- El Yunque Rainforest @ La Plata Reservoir - West Coastal Plains |¢m:;q'n;ﬂ:mmﬂm
- Central Mountain Range Karst - South Coastal Plains il 125 ® - e

T T T
__ Town Boundaries 0 45 ° " 21 mitay

Source: Water Plan Monitoring Office, DRNA

Figure 26. Hydrological regions in Puerto Rico recommended for water quality protection by DNER and Puerto Rico
Planning Board (DNER20084a).
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Table 11. Hydrological Reserves

I-Surface Hydrological

Protection Areas

Il -Groundwater

Protection Areas

Hydrological

11l -Combined

Protection Areas (surface and

Hydrological

groundwater

Cordillera Central Hydrologi(

Reserve

Southern

Coastal

Plain

Hydrologic Reserve

Sierra de LuquilloHydrologic | Eastern Coastal Plair

Reserve Hydrologic Reserve

Sierra de Cayey Hydrologi Western Coastal Plain

Reserve Hydrologic Reserve

La Plata Hydrologic Reserve| Interior Plains  Hydrologiq
Reserve

Karst Hydrologic Reserve
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4. Fire Prone Landscape

The area in red on Figure 27 constitutes the fire prone landscape. People, dry fuels, and climatic
conditions are account for the large number of fires in the southern coastal plain. Reduction of
fire risk, rapid fire suppression, and public educationtlaeemajor objective in this area. The
Puerto Rico Fire Service is the lead agency for wildfire suppression and fire risk reduction.
However, the DNER works as a close partner, especially in the Mayaguez and Ponce
Administrative Regions.

N

A

WILDFIRE INCIDENCE - SFLA ANALYSIS

0 35 70 140 210 280

[ Km

Wildfire Incidence

E None
|: Medium Incidence
- High Incidence

Figure 27. Overview of areas of PuertoRico, Vieques and Culebraunder different levels of wildfire
incidence according to SFLA

Between July 2008 and g@ember 2009, 2450 fires burnt 9,040 acres (TaB)e In March of

2009, 647 fires were set across the island. When large numbers of fires occur in a short period of
time, the response to any individual fire may be slowéris increases the risk of the fire going

out of control. Most fires in Puerto Rico are set by people without regard to the wind, weather
or air quality condions at the time they are s&Vhen large numbers of fires are set at once it is
likely that some fies will burn larger areas than they would with a rapid response. Prescribed
burning is a cost effective way to remove fuels that would be burned in an uncontrolled
environment. It allows professionals to minimize the hazards to soil, air quality, andh huma
safety. Cutting and clearing of brush is a more expensive means of removing Rugldic
education is needed about the effects and riskisesfin Puerto Rico
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Table 12. Incidence of wildfires in
Puerto Rico between July 2008 ang
September 2009

Month of # of fires | Acres
occurrence

July 161 1034.5
August 75 103.4
September | 8 8.76
October 6 6.25
November | 8 19.3
December | 55 291.8
January 17 16.1
February 8 2.4
March 647 2127.7
April 678 2454.7
May 122 256.2
June 158 12215
July 273 941.0
August 150 423.5
Sept 84 132.9
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5. Riparian corridors

Riparian areaare the lands adjacent to a baxfywater, stream, river, marsh, or shorelams a

high priority for forest conservation and managem&hey have unique ecological attrtes.
Restoration and management of forest cover in riparian areas adjacent to reservoirs, agricultural
fields and wban streams is a high priority in every DNER administrative region. Water quality,
soil protection, and wildlife habitat are the most common objectives for riparian forest corridors
and are influenced by their setting. Economic valuesthetcs, proteddon, safety, and the
potential for outdoor recreation will also be considered. Bentrup (3008)desuseful design
criteria. Technical assistance will be provided to ensure that appropriate species are used.

Riparian forests can help remove or ameliertite effects of pollutants in runoff, and increase
the biological diversity and productivity of aquatic communities by improving habitat and adding
to the organic food base. Riparian forests can also play a large role in buffering urban and
agricultural eévelopment. When conserved and managed as buffers, riparian forests can
dramatically reduce the impacts of land use activities (Welsch 1991). In fact, studies show
dramatic reductions from 30 to 98 percent in nutrients, sediments, pesticides, and bitstpol

in surface and groundwater after passing through a riparian forest buffer (LowtaacE984).
Agricultural runoff is one type of nonpoint pollution that can be reduced by using streamside
forests as buffersStreamside forests are importantarinareagFigure 28 ).

RIPARTAN AREAS - SFLA ANALYSIS

0 35 70 140 210 280
| Km

Riparian Areas

[ riparian zone

Figure 28. Overviewof riparian areas in Puerto Ricq Vieques and Culebra.
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6. Urban Forests

Urban forests is more than the forest cover of a city. It includes natural forest stands, natural
corridors along riparian zones, artificial corridors along streets and avenues, and green space
constructed by people (Lugo 2010). Large and small urbeasaare identified as priority
landscapegFigure 29). The intent is to increase the biodiversity and health of urban forests,
establish and/or maintain, green infrastructure with all its associated benefits, and reduce tree
hazards and flooding hazariist affect public safety.

DEVELOPMENT LEVEL

Development Level

[ ] Densley Populated Rural 0 35 70 140 210 280
— Km

I:I Low Population Density Rural

- Urban

Data from Martinuzzi, S., Gould, W., Ramos Gonzalez, O., (2006)

Figure 29. Overview of urban and rural (denselyvs low populated) areasdistribution in Puerto Rico.
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7. Joint Priority Landscapes

People are both the cause and the consequence of ecosystem change. There are always times and
places where Federal and State agencies andjo®@rnment partners independently establish
complementary conservation priorities ahchakes sense to leverage resources, one against the
other. Joint priority landscapes have the potential to take many forms. Watershed approaches,
ecological unit approaches, and issue centered approaches are three possibilities. Finally these
efforts explicitly seek public engagement, ideally in a unified manner that respects the time and
talents of community members.

There are two joint priority landscapes to work during the plan implementation period.
1 The Guénica/Maricao joint landscape

This project is located in the south western corner of mainland Puerto &ichowrin Figure

30. The Gunica/Maricao joint landscape would leverage most of the federal agencies efforts
plus cooperative and independent state efforts as a start. The NOAA Coastal Zone Management
Program is working to protect the coral reef systéine Natural Resource Conservation Service

is working with local famers to improve water quality in the Ried.avaershed and reduce soil
erosion affeahg streams and reefs. Multiple wildlife and forestry agencies are working with
coffee growers to convert their plantations from sun to shade coffee to benefit migratory birds.
The EPA is looking at a major estuarytogation effort, the US Forest Service and the DNER
Forestry Bureau are promoting riparian buffers and agroforestry pilots, the DN&R & Gtate

Forest and the US Fish and Wildlife, Cabo Rojo Wildlife Refuge and the Maricao Critical
Wildlife Area.The Rierto RicarParrot (Amazona vittata vittajaRecovery Program has selected
Maricao State Forest as the new area in Puerto Rico wiheonducta release of individuals of

this species. The Program is an effort to conserve, protect and manage the wildaptide
populations of this endemic parrot in order to downlist the species from endangered to
threatened, to establish an additional wild population and insuring that both groups -are self
sustaining with an effective population size of 500 birds (5 wearage) in each arebhis
program is a cooperative effort between the US Fish and Wildlife Service, US Forest Service, the
Puerto Rico Department of Natural and Environmental Resources and the US Geological
Survey. Mississippi and North Carolina Stateniersities are also active partners in the
recovery efforts for the species. Interagency cooperation is essential for the successful recovery
of the species. Finally, the Fire Department and thHdaricao State Forest are working on
wildland fire strategis.
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Legend:

Maricao Commonwealth Forest -
Commonwealth Forests -
USDAWHIP Focus Avea: 5 Mies buffer [__|

Figure 30. Overview of USDA-WHIP Focus Area 5 miles buffer around Maricao State Forest

1 The Humacao joint landscape

This area idocated in thesoutheastern corner of mainland Puerto Rico in an area of urban
sprawl. It is just starting to bubble to the service. All the federal and state partners in the NRCS
State Technical committee endorsed collaborative effort in this landscape. The poyktt w
bring multiple local communities into the conservation effort. Federal financial and technical
assistance and cost incentive programs would be operation here. The DNER and US forest
Service would be engaged through hothe urban and community pra@gn, the forest
stewardship program, the Foréstgacy program and eventually the new community and open
space program. The federal and state fish and wildlife agencies are working on endangered and
threaten species habitat protection.
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Figure 31. Overview ofthe Humacao joint landscapearea on eastern Puerto Rico.
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b. Goals and Strategies

i. Goal 1: Conserving working forest landscape

This goal encompasses the need to perpetuate the multiple values, uses and services provided by
the Puerto Rico forest cover. These benefits may be protected or increased by implementing
better conservation practice¥o main objectives under this goal are:

1 identify and conserve high priority forest ecosystems and landscapes in Puerto Rico
currently under private control;

1 tomanage private forested laadtively and sustainahly
The strategies recognized as of great value for this goal are the fgjlewitputs are included):

1

Continue land acquisition programs of key private forested land by available mechanisms
(e.g. Forest Legacy)

1 recreation and tourism; wood products

2- Promote conservation easements on private forested land

1 recreation and tourismyood products

3- Provide adequate conservation management to private forests through Forest Stewardship
plans

i recreation and tourism

1 water conservation

4- Develop forest and wildlife interpretation trainings

M recreation and tourism

5- Develop management informatian agroforestry practices suitable to the Rio Loco
Wateshed at Guanica Bay Watershed.
9 agroforestry products; wood; fruits; medicinal products; craft products; coffee,
energy conservation, air quality improvement

6- Increase capacity of community to managesr(i.e. promote municipal tree boards)

1 shade; aesthetics; climate control; mental health; wood products; mulch; wildlife;
green infrastructure; recreation; safety, energy conservation, air quality
improvement

7- Increase tree canopy cover and condition
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1 shade; aesthetics; climate control; mental health; wood products; mulch; wildlife;
green infrastructure; recreation; safety; energy conservation, air quality
improvement

8- Acquire community open spaces to protect key forested areas

1 shade; aesthetics; climatentrol; mental health; wood products; mulch; wildlife;
green infrastructure; recreation; safety; water conservation

9- Hazard tree mitigation

1 shade; aesthetics; climate control; mental health; wood products; mulch; wildlife;
green infrastructure; recreaticggfety; energy conservation, air quality
improvement

10- Increase use of native plant material ( native tree propagation and use)

1 shade; aesthetics; climate control; mental health; wood products; mulch; wildlife;
green infrastructure; recreation; safety, energy conservation, air quality
improvement

11- Develop nursery quality standards (Work with nursery growers to provide qualityyhurser
stock)

1 shade; aesthetics; climate control; mental health; wood products; mulch; wildlife;
green infrastructure; recreation; safety; energy conservation, air quality
improvement.

12- Develop educational programs and activities (i.e. demonstration of forefstp)

1 shade; aesthetics; climate control; mental health; wood products; mulch; wildlife;
green infrastructure; recreation; safety, energy conservation; air quality
improvement

13- Introduce agroforestry concepts

1 shade; aesthetics; climate control; mengalth; wood products; mulch; wildlife;
green infrastructure; recreation; safety; economic opportunities

14- Promote arboriculture in universities curricula

1 shade; aesthetics; climate control; mental health; wood products; mulch; wildlife;
green infrastructureecreation; safety; trained professionals
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Table 13. Goal 1 Conserving Working Forest Landscapes

Outputs

Priority landscape

Strategies

Resources

Performance Measures

Recreation and Tourism

Public lands and surrounding prival
lands

-Continue land acquisition of key

forested land by available mechanisms

(USFS Forest Legacy Program)

-Promote Conservation Easements on

private forest land

-Provide adequate conservation

management to private forests through

Forest Stewardship plans

-Develop Forest and wildlife
interpretation trainings

-USFS Forest Legacy Program
-DNER PR Natural Heritage
Program

-DNER PR High Ecological Value
Land Acquisition and Conservatiol
Fund

-USFS Forest Stewardship Progrg
-NRCS Healthy Forest Reserve
Program

-USFWS State Wildlife Grant

-PR Conservation Trust Land
Acquisition Initiative

-High priority forest ecosystems
and landscapes are protected fron
conversion (acreannual and
cumulative).

-Number of acres in forest areas
being managed sustainably as
defined by current Forest
Stewardship Management Plan

-Number of interpretation trainingg
offered to private landowners and
community members.

Wood products

Area around Toro Ngo State
Forest due to high risk of
development.

--Continue land acquisition of key

forested land by available mechanismg

(USFS Forest Legacy Program)

-Promote Conservation Easements on

private forest land

-Provide adequate conservation

management to private forests through

Forest Stewardship plans

-USFS Forest Legacy Program
-DNER PR Natural Heritage
Program

-DNER PR High Ecological Value
Land Acquisition and Conservatio
Fund

-USFS Forest Stewardship Bram
-NRCS Healthy Forest Reserve
Program

-USFWS State Wildlife Grant
-PR Conservation Trust Land
Acquisition Initiative

-PRIDCO PR Arts and Crafts
Development Program

-High priority forest ecosystems
and landscapes are protected fron
conversion (acreamual and
cumulative).

-Number of acres in forest areas
being managed sustainably as
defined by current Forest
Stewardship Management Plan
(cumulativel)i through a
Nationally consistent monitoring
program.

Agroforestry products, Wood,
fruit, medicinal products, craft
products, shade grown coffee

Rio Loco Watershed/Gmica Bay
Watershed

-Develop management information on
agroforestry practices suitable to the R

Loco Watershed at Guanica Bay
Watershed

-Develop nursery quality staards
(Work with nursery growers to provid

quality nursery stock)

-USFS Forest Stewardship Progrg
-NRCS Healthy Forest Reserve
Program

-USFWS State Wildlife Grant

-Number of educational fact sheet|
talks, and training sessions offere
to landowners andommunity
members.

-Number of nursery growers
participating.

-Number of nurseries producing
high guality nursery stock.

shade, aesthetics, climate
control, mental health, wood
products, mulch, wildlife, green
infrastructure, Recreation,
safety, energyanservation, air
quality improvement

Urban Areas and wildland urban
interface.

-Increase capacity of communities to

manage trees (i.e. promote municipal

tree boards)

-Increase tree canopy cover and
condition.

-Acquire community open space to
protectkey forested areas
-Hazard tree mitigation.

-USFS U&CF Community Cost
share Grants

-NGOs Education Programs
-Tree City USA

-PR Via Verde Program

-DNER Reforestation Programs
-USFS Community Forest and
Open Space Conservation Progra
-International Society of

Arboriculture

-Number of cities protecting urbar
forests after working with U&CF tq
develop management plans and
ordinances.

-Number of cities and communitie
managing their urban forest.

-Number of Municipal Tree
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-Increase use of native plant material
(native tree propagation and use)

-Develop educational programs,
activities (i.e. demonstration forests
projects)

-Develop nursery quality standards

-Introduce agrofastry concepts

-Promote arboriculture in University
curricula

-Municipalities
-Universities

-DNER

-PR U&CF council

-UPR Extension Service
-PR Association of Professional
Arborists

-College of Architects and
Landscape Architects.
-PR Correctional and
RehabilitationDepartment

-Number of citieparticipating of
the Tree City USA Program.

-Number of ISA Certified Arboristg
(private and public sector).

-Number of communities
participating of the Open Space
Community Forest Program.

-Number of nursery growers
improving nursery protocols.

-Numberof nurseries producing
high quality nursery stock.

-Number of demonstration project:
using high quality plant material
and native species.

-Number of arboriculture courses
offered at the University of Puerto
Rico in Mayaguez, College of

Agriculture
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ii. Goal 2 Protect forest from harm

This goal pursues the recognition of real threats or harm causes affecting forested lands, and to
identify ways to control or reduce substantially their harmful effects. Two main objectives under
thisgoal are:

1 identify, manage and reduce threats to forested ecosystems health;

1 reduce risks of wildfire impacts.

Main threats considered of strong capacity to affect present forest resources in the island have
been identified by the Puerto Rico Statewide Assessment of Forest Resources and are hereby
presented, followed by the strategies recognized as of greatuwralee the objectives of this

goal :

A. Fire

1. Create a database to collect information on fire occurrences recording: (1) location, (2) type
of vegetation, (3) number of acres affected, (4) resources used, and (5) resources needed

2. Develop and implementRire Danger Rating System for the areas with high wildland fires
occurrences

3. -Offer Fire prevention education to the communities within the areas with high wildland
fire occurrences. Increase efforts on the wildland urban interface

4. Develop Community Wildfe Protection Plans and educational programs
5. Wildland Fire suppression

6. Use Prescribed Burning as a resource to control fire occurrences in areas with high fire
incidence

7. Tree planting and resource restoration in areas affected by fires.

8. Acquire, maintain,and preposition essential equipment and supplies for wildand fire
suppression

9. Develop an effective communication strategy between partners involved in the suppression
of wildand fires
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B. Insect pests and disease

Establish a Forest Health MonitoriRgogram at the DNER Forest Service Bureau
Encourage early detection and rapid response from DNER Forest Managers

Provide professional training to DNER Forest Managers

Promote public education about possible detrimental effects on forest floristic congponent
Maintain adequate urban tree inventories and management practices

Promote Integrated Pest Management

C. Development; urban sprawl; fragmentation

1-

Protect developed large contiguous forest areas and corridors to insure connectivity by:
1 Land acquisitio (see Appendix )
1 Conservation easements
1 Adequate land use zoning
1 Voluntary protection
Encourage planting trees to increase tree canopy cover and green corridors
Promote proper land use planning and accurate zoning on forested areas
Promote profession#iaining about assessing the forest cover and its benefits on agencies
involved in determining present and future land use
Increase programs availabilities for the East side of the Islands by: (1) Increase outreach,
(2) Increase Water Conservation (3) Bnbe Forest Diversity, (4) Enhance all restored

riparian habitats.

D. Climate Change

Create and conserve corridors for tree mitigation

Increase carbon storage through increases in tree canopy cover
Conduct urban forests inventories

Encourage developmeat management plans

Perform hazard tree mitigation

Provide professional training
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E. Hurricane/storms
1
2- Develop management plans

Conduct urban forests inventories

3- Perform hazard trees mitigation

4- Promote adequate tree selection

F. Flooding
1- Promote forested wetland protection
2- Promote riparian buffer installations
3- Maintain and increase forest cover in catchment and groundwater recharge areas

4- Conduct urban trees inventories and perform hazard mitigation

G. Drought

(See fire and climate change)

H. Invasive plants and animals

1- Provide professional and public education

2- Promote usage of native and other suitable species

3- Apply eradication practices

4- Adequate law enforcement against introduction of exotics

5- Promote early detection of invasive species
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Table 14. Goal 2: Protect forests from harm- identify, manage and reduce threats to the forest, such as urban development, storms, floods, insects, diseases, invasive

species and fire.

Threats/(risk map)

Resources affected/resource effects

Strategies

Resources

Performance Measures

Fire map showing fire
occurrence information)

Biodiversity, wildlife habitat and
populations, water quality, Air quality esp.
in Urban environment, recreation
experiences, coastal resources.

-Create a database to collect information on
occurrences ecording: (1) location, (2) type d
vegetation, (3) number of acres affected, (4) resou
used, and (5) resources needed

-Develop and implement a Fire Danger Rating Sys
for the areas with high wildland fires occurrences

- Offer Fire prevention educath to the communitieg
within the areas with high wildland fire occurrencg
Increase efforts on the wildland urban interface
-Develop Community Wildfire Protection Plans a
educational programs

-Wildland Fire suppression

-Use Prescribed Burning asresource to control firg
occurrences in areas with high fire incidence

-Tree planting and resource restoration in ar
affected by fires

-Acquire, maintain, and prgosition essentia
equipment and supplies for wildand fire suppressior|
-Develop an effedtte communication tool betwee
partners involved in the suppression of wildand fires

-PR Fire Department Fire
Prevention Program

-DNER Forest Service Burea
-US F&WS

-USFS

-USFS Cooperative Fire
Program

-USFS Volunteer Fire
Program

-Number of acres treed to
restore fireadapted
ecosystems that are (1)
moved toward desired
conditions and (2)
maintained in desired
conditions.

-Total # of acres treated to
reduce hazardous fuels on
state and private lands
through State Fire Assistang

-Percentage of atsk
communities who report
increased local suppression
capacity as evidenced by:
(1) The increasing number @
trained and/or certified

fire fighters and crews or (2
Upgraded or new fire
suppression equipment
obtained or (3) Formation of|
a new firedepartment or
expansion of an existing
department involved in
wildland fire fighting.

Insect pests and disease

Loss and displacement of wildlife,
decreased reproduction, stained wood, pq
tree form, aesthetics, hazard trees, increa
fire risk, fragmenttion

-Establish a forest health monitoring program at
DNER Forest Service Bureau

-Encourage early detection and rapid response fi
forest managers

-Provide professional training to forest managers
-Promote public education about possible detrime,
effects on forest floristic components
-Maintain adequate urban tree
management practices

-Promote Integrated Pest Management

inventories ¢

-USFS Forest Health
Monitoring Program
-UPR Extension Service
Forest Health Clinic and
Diagnostics Lab

-DNER Foest Health
Program

-UPRP

-USFS

-Number and percent of
forest acres restored and/or
protected from (1) invasive
and (2) native insects,
diseases and plants.

-Percent of population living
in communities developing
or managing programs to
plant, protect andhaintain
their urban and community
trees and forests.

Development, Urban
Sprawl, Fragmentation
(consultation map, urban
sprawl map).

Decreased and fragmented forest cover
decreases the quantity and quality of all
forest depen

dent values

-Protectdeveloped large contiguous forest areas
corridors to insure connectivity by:
-Land acquisition (see Appendix )
-Conservation easements

-Adequate land use zoning

-USFS Forest Legacy
program

-USFS Forest Stewardship
Program

-Professionks who evaluate

-Number ofcommunities
and percent of population
served under an active urbal
forest management plan.
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-Voluntary protection

-Encourage planting trees to increase canopy ¢
and creatgreen corridors

-Promote proper land use planning and accurate zo
on forested areas

-Promote professional training about assessing
forest cover and its benefits on agencies involve(
determining present and future land use

-Increase programavailabilities for the East side @
the Islands by: (1) Increase outreach, (2) Incre
Water Conservation (3) Enhance Forest Diversity,
Enhance all restored riparian habitats.

zoning, planning and permits
-Municipalities

-USFS Community Forest an|
Open Space Conservation
Program

-USFS U&CF Program

-PR U&CF Council
-International Society of
Arboriculture

-PR Association of
Professional Arborists

-Percent of population living
in communities developing
or managing programs to
plant, protect and maintain
their urban and community
trees and forests.

-Number ofacquisitions
completed that are
instrumental for corridor
protection.

-Number of communities
participating of the
Community Forest Open
Space Program.

Hurricanes/storms
(Islandwide)

Biodiversity, wildlife, urban forest, forest
products, recreation experiences, coastal
resources

-Urban forest inventory
-Tree Management Plan development
-Hazard tree mitigation

-Tree selection

-USFS U&CF Program
-PR U&CF Council
-International Saety of
Arboriculture

-PR Association of
Professional Arborists
-Tree City USA

-ITree (adapted to tropics)
-FEMA Programs

-PR Conservation Trust

-Number of communities
and percent of population
served under an active urba
forest management plan.

-Percenbf population living
in communities developing
or managing programs to
plant, protect and maintain
their urban and community
trees and forests.

Climate change (sea level
rise map)

Coastal forests and wildlife, sadition of
fresh water swamps, increase fire, more
intense storms, salt water intrusion,
biodiversity, forest products, decreased
recreational experiences

-Corridors for tree migration

-Increase carbon storage through increases in tree
cover

- Urban forest imentory
-Tree Management plan development
-Hazard tree mitigation

-Tree selection

-USFS U&CF Program
-USFS Forest Stewardship
Program

-USFS Forest Legacy
Program

-USFS Community Forest an
Open Space Conservation
Program

-International Society of
Arboriculture

-PR Association of
Professional Arborists
Tree City USA

-ITree (adapted to tropics)
-PR Conservation Trust
-UPR Marine Science
Department

-Population of communities
benefiting from S&PF
activities designed to
contribute to an
improvement in & quality.

-Population of communities
benefiting from S&PF
activities that result in
energy conservation.

Flooding

Water quality, tree health human safety,
stream and bank erosion, erosion and
sedimentation

-Forested wetland protection

-Riparianbuffer installations

- USFS U&CF Program
-USFS Forest Stewardship

Program

-Percent of population living
in communities
developing or managing
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-Maintain and increase forest cover in catchment ar|

groundwater recharge areas

-Urban tree inventory and hazard mitigation

-International Society of
Arboriculture

-PR Associatiorof
Professional Arborists
-PR Conservation Trust

programs to plant, protect
and maintain their urban an
community trees and forestg
to mitigate the effects of
flooding events.

Drought
(See fire, see climate
change)

Invasive plants

Biodiversity, wildlife, displacement of
indigenous species

-Professional and public education

-Promote native and other suitable species

-Early eradication
-Law enforcement

-Early detection.

-Nursery growers and buyers
-DNER

-Puerto Rico Forest Health
Advisory Committee

-USFS Forest Health Progra
-San Juan Bay Estuary
Program

-Puerto Rico Conservation
Trust

-PR Department of

-Number and percent of
forest acres restored and/or
protected from (1) invasive
and (2) native insects,
diseases and plants (annua

Agriculture
Invasive animals WL habitat, egg predation, rare pant -Law enforcement -DNER -Number and percent of
seedling recruitment -San Juan Bay Estuary forest acres restored and/or
-Public education, Program protected from (1) invasive

-Puerto RicdConservation
Trust

-Lion Fish Control Program

and (2) native insects,
diseases and plants (annua
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iii. Goal 3: Enhance public benefits associated wibgs and forests

Several objectives are implied under this goal, which in general focuses on maximizing the
profitable social, environmental and economical services trees and forests provide to the
community. Among the objectives it is worth mentioning:

protect and enhance water quality and quantity;
improve air quality and conserve energy;
assists communities in planning for and reducing forest health risks;
maintain and enhance economics benefits and values of trees;
protect, conserve and enhance wiland fish habitat;
connect people to trees and forests, and engage them in environmental stewardship
activities
1 manage trees and forests to mitigate and adapt to global climate change.
The strategies recognized as of great value for this goal are ltheifgl (benefits are included):

E

1- Continue encouraging reforestation
1 Water quality benefits; coastal resources well being
2- Maintain and manage existing forests
1 Water quality; coastal resources well being
3- Private forested land acquisition by several meansdina) Forest Legacy Program
1 Wildlife habitat; protecting plant biodiversity
4- Encourage conservation easements
1 Wildlife habitat; protecting plant diversity
5- Promote voluntary private land conservation management
1 Wildlife habitat; protecting plant biodiversity
6- Continue land acquisition programs to conserve private mature forests
1 Wildlife habitat; protecting plant diversity
7- Promote and encourage agroforestry practices (sun coffee plantations to shade grown coffee)
1 Wildlife habitat
8- Establish Maricao Commonwealorest and a 5 mile buffer (it includes Susua
Commonwealth Forest)
Wildlife habitat
9- Provision of proper management on public forested lands
10- Plant biodiversity
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11- Retain forest cover

12- Carbon sequestration

13- Manage for forest health and growth

14- Carbon sequesttion

15- Forest products benefits incentivize protecting and enhancing forest cover

16- Carbon sequestration
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Table 15. Goal 3: EnhancePublic Benefitsassociated with Teed Forests

Benefits

Priority area

Strategy

Resources

Performance measures

Water Quality Benefits

-Riparian areas around rivers and
reservoirs.

-Aquifer Recharge areas

-Upland Catchments

-Continue encouraging reforestation

-Maintainand manage existing forest

-DNER reforestation
program

-USFS Forest Stewardshig
Program

-NRCS Healthy Forest
Reserve Program
-USFWS State Wildlife
Grant

-NRCS Wildlife Habitat
Incentive Program

-Acres and percent of priority
watershed areas where S&PF
activities are enhancing or protecting
water quality and quantity.

Coastal Resources

-Through all PR Coastal Zone (1 km
from the sea)

-Existing forested wetlands
(i.e.mangrove an@terocarpusor
Annona swamps, etc.xCoastal upland
remnants

-Continueencouraging reforestation

-Maintain and manage existing forest

-COE Wetland Banking
-USFS Forest Stewardshif
Program

-NRCS Healthy Forest
Reserve Program
-USFWS State Wildlife
Grant

-NRCS Healthy Forest
Reserve Program

-High priority forest ecosystenand
landscapes are protected from
conversion (acreannual and
cumulative).

-Number of acres in forest areas beil
managed

sustainably as defined by current
Forest Stewardship

Management Plan

Wildlife habitat

-Coastal upland forest remnants
-Matureforest habitats
-Corridors that link mature forest areag
(i.e. riparian areas along streams,
-Corridors required under
CommonwealthLaw Number 14 of
1999

-Threatened and Endangered Specieg
habitat.

-Private forested land acquisition by
several means afuding Forest Legacy
Program

-Encourage Conservation Easements

-Promote voluntary private land
conservation management.

-Provision of proper management on
public forested lands

-Continue land acquisition programs t
conserve mature forest

-Promoteand Encourage agroforestry
practices(Sun coffee plantations to
shade grown coffee)

-Establish Maricao Commonwealth
Forest and a 5 mile buffer (it includes
Susta Commonwealth Forest)

-Forest Legacy Program
-DNER PR Natural
Heritage-Program
-DNER PR High
Ecological Value Land
Acquisition and
Conservation Fund
-USFS Stewardship
Program

-NRCS WHIP, EQUIP,
-US F&WS Partners for
WL

-Federal and State agenci
management

-NRCS Healthy Forest
Reserve Program
-NRCS Wildlife Habitat
Incentive Program

-High priority forest ecosystems and
landscapes are protected from
conversion (acreannual and
cumulative).

-Number of acres in forest areas beil
managed

sustainably as defined by current
Forest Stewardship

Management Plan

-Detectable increased in frequency
numbers of priority critical species fo
WHIP.

Establishment of wild reproductive
couples of PuertRican Parrot in
Maricao Commonwealth Forest.
-Increase of riparian forests under
conservation practices.

-Reduction of predator numbers on
Maricao Commonweth Forests and
it 5 mile buffer zone.

-Increase the number of ecological
corridor created between public and
private forested land.
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Plant biodiversity

Public forested lands

Private forested land acquisition by
several means including Forest Legad
Program

-Promote voluntary private land
conservation management.

-USFS Forest Legacy
Program

-USFS Community Forest
and Open Space
Conservation Program
-Conservation Easement
Commonwealth Law
-DNER Puerto Rico
Natural Heritage Program
-DNER High Ecologiel
Value Land Acquisition
and Conservation Fund
-NRCS Wildlife Habitat
Incentive Program
-NRCS Healthy Forest
Reserve Program

-USFS Forest Stewardshif
Program

-USFWS State Wildlife
Grant

-NRCS Wildlife Habitat
Incentive Program

-High priority forestecosystems and
landscapes are protected from
conversion (acreannual and
cumulative).

-Number of acres in forest areas beil
managed

sustainably as defined by current
Forest Stewardship

Management Plan

Carbon Sequestration

Private forested land

-Retain forest cover
-Manage for forest health and growth

-Forest products benefits to incentiviz{
protecting and enhancing cover

-USFS Stewardship
Program

-USFS Forest Legacy
Program

-USFS Community Forest
and Open Space
Conservation Program
-Conservatn Easement
Commonwealth Law
-Forest Legacy Program
-NRCS Healthy Forest
Reserve Program

-Population of communities benefitin
from S&PF activities designed to
contribute to an improvement in air
quality.

-Population of communities benefitin
from S&PFactivities that result in
energy conservation.
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Appendix A. Puerto Rico Forest Legacy Assessment of Need

“U.S. Department of Agriculture
Forest Service

Forest Service Bureau

8 TR
INTERNATION AL
INSTITUTE OF TROPICAL PORESTRY

International Institute of Tropical Forestry

July 2000
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Abstract...

In the 1940°s Puerto Rico was one of the most severely deforested and eroded
regions in the world with only six percent (6%) of its land area under forest cover.
Today, still recovering from this devastation, only thirty two percent (32%) of its territory
is currently in forest use, down from approximately thirty four percent (34%) in 1985. Tt

is estimated that eighty two pecent (82%) of all current forested land is in private
ownership.

The forests of Puerto Rico are currently threatened by conversion to non-forest
uses because of increasing pressures stemming from population growth and demand for
land development. Puerto Rico is one of the most densely populated areas in the world.
Population encroachment on forested areas have begun to affect the capacity of the
natural ecosystem to provide renewable resources that have been taken for granted, such
as a clean water supply. Valuable forest reserves, including two which have been named
Biosphere Reserves by the United Nations in recognition of their uniqueness, are
receiving increasing pressures to develop non-forest uses on their buffer zones. With the
disappearance and/or fragmentation of forested areas many unique plant and animal
species are increasingly coming to be endangered with extinction.

Puerto Rico’s participation in the Forest Legacy Program is an important step to
address the urgent need to protect private forest lands threatened by conversion to non-
forest uses. Eight Forest Legacy Areas have been identified.

As appropriate, periodic review and revision to this Assessment of Need will be
made to meet the/fhﬁ needs of the citizens of the Commonwealth of Puerto Rico.

2tz A

Daniel Pagin Rosa

Department of Natural and Environmental Resources
Commonwealth of Puerto Rico

San Juan, Puerto Rico

Date: 0 /50 /?7
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FOREST LEGACY PROGRAM
AN ASSESSMENT OF NEED FOR PUERTO RiCO

INTRODUCTION

Located between 18°31' and 17°55' N latitude and 63°37' and 67°17' W longitude
lies the Island of Puerto Rico, the easternmost and smallest of the Greater Antilles. The
Puerto Rico consists of a large main island, and several smaller islands, the largest of
which are Vieques, and Culebra to the East and Isla de Mona to the West. Puerto Rico is
roughly rectangular in shape measuring approximately 100 miles East to West and
35 miles North to South. It is a small mountainous island with a remarkable diversity in
its physical environment (Pic4,1974). Within its 3,500 square miles there are over
2,600 species of flowering plants, more than 400 species of ferns, 21 species of
- mammals, 68 species of reptiles and amphibians, 106 species of resident birds and an
even more diverse fauna of invertebrates (Natural Heritage Division, 1985).

The island is inhabited by 3.7 million people, averaging over 1,000 persons per
square mile, making Puerto Rico one of the most densely populated places in the world.
The projected population change from 1990 to 1996 was 7.4%. Increasing commercial,
industrial and residential land use needs are generating pressure and conflicting demands
over limited resources. These demands are creating stress in the delicate natural balance
of the island's ecosystem which have already resulted in costly water shortages, flooding,
endangerment of habitats and indigenous species and loss of bio-diversity and other
irreplaceable natural resources.

Forests are the most important plant formations in Puerto Rico. They provide an
ample array of benefits, including clean water, control of erosion and floods, recreational
opportunities, thriving wildlife populations and an astounding variety of species. In fact,
the Caribbean National Rain Forest (localy known as El Yunque), admininstered by the
USDA Forest Service and the Guanica State Forest, administered by the Commonwealth
of Puerto Rico, have been distinguished by the United Nations as Biosphere Reserves of
planetary importance. '

Concerned by increasing pressures for commercial, industrial and residential land
development on valuable privately owned forest lands in Puerto Rice, including the
buffer zones of protected reserves, the Commonwealth's Department of Natural and
Environmental Resources is applying for participation in the USDA Forest Legacy
Program. This Program was created by Congress as part of the 1990 Farm Bill to
identify and protect environmentally important private forest lands threatened with
conversion to non forest uses. The Forest Legacy Program will be an important
instrument in retaining and expanding the role of forests in this natural ecosystem
balance, protecting them also for the benefits of future generations.

To be eligible to participate in the Forest Legacy Program, Puerto Rico must
prepare an istlandwide assessment of need that documents the necessity of the Program,
identifies eligibility requirements for designation and recommends areas meeting these
requirements for inclusion in the Forest Legacy Program. This document was prepared to
fulfill this requirement.
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