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Increasing residential development around protected areas is a major threat for protected areas worldwide, and
human population growth is often themost important cause. However, population is decreasing inmany regions
as a result of socio-economic changes, and it is unclear how residential development around protected areas is
affected in these situations. We investigated whether decreasing human population alleviates pressures from
residential development around protected areas, using Puerto Rico—an island with declining population—as a
case study. We calculated population and housing changes from the 2000 to 2010 census around 124 protected
areas, using buffers of different sizes. We found that the number of houses around protected areas continued to
increase while population declined both around protected areas and island-wide. A total of 32,300 new houses
were constructed within only 1 km from protected areas, while population declined by 28,868 within the
same area. At the same time, 90% of protected areas showed increases in housing in the surrounding lands,
47% showed population declines, and 40% showed population increases, revealing strong spatial variations.
Our results highlight that residential development remains an important component of lands surrounding
protected areas in Puerto Rico, but the spatial variations in population and housing changes indicate that man-
agement actions in response to housing effects may need to be individually targeted. More broadly, our findings
reinforce the awareness that residential development effects on protected areas are most likely widespread and
common in many socioeconomic and demographic settings.
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1. Introduction

Establishing protected areas is a widespread conservation strategy,
designed to reduce habitat loss due to land use, and to stembiodiversity
loss across the world. However, many protected areas fail to achieve
these goals due to unmanaged or ineffective management of land use
on adjacent lands (DeFries et al., 2005). Lands around protected areas
are important to ensure connectivity and species movement, and
when land use intensity is low in these lands they contribute to the ef-
fective size of the protected area (Hansen and DeFries, 2007). Habitat
loss and degradation around protected areas, on the other hand, in-
crease the isolation of a protected area and themagnitude of human ef-
fects (Barber et al., 2011; Mcdonald et al., 2009), ultimately altering the
conservation value of the protected area (Wood et al., 2015). Under-
standing land use and human population changes around protected
areas is therefore key for protected area management and biodiversity
conservation in general (DeFries et al., 2007; Joppa et al., 2009).
-Prieto).
Theprocess of urban expansion and residential development accom-
panied by human population growth near protected areas throughout
the world represent a growing pressure (Güneralp et al., 2013;
Pejchar et al., 2015; Spear et al., 2013). Indeed, population growth is
the most important driver of land development, together with an in-
crease of per capita Growth Domestic Product (Güneralp and Seto,
2013; Seto et al., 2011;Wade and Theobald, 2010) that promote ameni-
ty migration and the development of second homes near protected
areas in highly-developed countries (Hansen et al., 2002; Leroux and
Kerr, 2013). By 2030, urban areas and residential developments are pre-
dicted to expand around most protected areas in some regions in Eu-
rope (Brambilla and Ronchi, 2016), and in Asia (Mcdonald et al.,
2008), while from 1940 to 2030 1 million new housing units are
projected to be constructed within 1-km from protected areas bound-
aries in the conterminous United States (Radeloff et al., 2010). Residen-
tial development is also expanding in many Pacific and Caribbean
Islands (Stein et al., 2014).

However,while total human population is expected to expand in the
next decades, many places of the world are projected to see declines in
population, with unclear effects on land change, protected areas and
biodiversity conservation. For example, between 2015 and 2050,
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human population is projected to decrease in 48 countries across the
world including in regions with the highest population densities such
as China and Europe (e.g., Spain, Greece, Germany, Portugal (United
Nations, 2015a). Decline in fertility, aging populations, and
outmigration are among the most important drivers of populations de-
cline in these countries. Similarly, several islands in the Caribbean (e.g.,
Cuba, Jamaica, Puerto Rico) are projected to undergo population decline
during the sameperiod (UnitedNations, 2015a). Further, regionswithin
countries are also exhibiting population declines despite net population
increases at the national level. For example, the state of Michigan in the
United States showed a recent population decline of 0.6% of its popula-
tion over the last census decade (2000−2010) losing 54,804 people
even though the US population increased by 9.7% (Mackun and
Wilson, 2011). Domestic outmigration due to economic crisis and un-
employment explained population decline in this state (Farley, 2010),
but the potential consequences of these population declines on
protected areas is unknown, adding uncertainty to management
planning.

Understanding changes in residential development around
protected areas in places with population declines can help in anticipat-
ing potential opportunities for conservation and restoration, as well as
to better understand the link between changes in population, housing,
and protected areas. Questions on whether decreasing human popula-
tion alleviates pressures from residential development around
protected areas, or whether housing expansion is a widespread prob-
lem, are critical considering the high urbanization rates globally
(United Nations, 2015b) and future prospects for population declines
in some countries and regions (United Nations, 2015a). However, our
knowledge on these topics is limited.

Our goal was to understand how residential development around
protected areas has changed in response to the recent human popula-
tion decline, using Puerto Rico as a test case. The island of Puerto Rico,
in the Caribbean, supports a high human population density, is rich in
endemic species (Gould et al., 2008) and is considered a biodiversity
hotspots (Myers et al., 2000). It has seen an abrupt population decline
over the last decade as a result of outmigration due to an economic crisis
and aging population. Specifically, our objectives were: 1) to quantify
total change in housing and population around the protected areas net-
work and compare these changes with the island as a whole, and 2) as-
sess variability by analyzing spatial patterns of housing and population
change around individual protected areas across the island.

2. Methodology

2.1. Study area, and recent population and housing changes

Puerto Rico occupies 8937 km2, supports 3.7 million people, and is
one of the most urbanized islands in the Caribbean Archipelago (Lugo
et al., 2012a). It includes three inhabited islands: the main island
(with 99.7% of the population), Vieques and Culebra (with 0.3% of the
population), as well as several non-inhabited islands, islets, and cays.
Puerto Rico is a mountainous island with 55% forest cover (USDA,
2017), heavily urbanized coastal areas, and relatively low-density de-
velopment in the uplands (Helmer et al., 2008; Kennaway and
Helmer, 2007; Parés-Ramos et al., 2008). The island is part of the Carib-
bean Islands Global Biodiversity Hotspot (Birdlife International, 2010),
it supports different forest types (subtropical dry, moist, wet, and rain
forests), as well as many endemic and endangered species.

The population of Puerto Rico decreased by ~83,000 people, or 2%,
from the year 2000 (pop. 3,808,610) to 2010 (pop. 3,725,789). During
that time period there were 218,472 new housing units built,
representing an overall growth in new housing of 15%, or 9% growth
of new occupied housing (115,206), and 66% growth of new vacant
housing (103,264) (US Census Bureau, 2015; Fig. 1a). The main cause
of the population decline was the economic crisis beginning in the
mid-2000s with a local debt crisis and worsening with the 2008
recession. These events caused rapid outmigration of Puerto Ricans to
the mainland United States (Pew Research Center, 2015; Abel and
Deitz, 2014). As a result, Puerto Ricowas placed among the top 10 coun-
tries with the biggest population decline rate in 2014 (Statista, 2016),
and this depopulation trend is projected to continue thru 2050 (US Cen-
sus Bureau, 2016). Nevertheless, residential development in Puerto Rico
continued to rise, as it has done for the past 60 years, always exceeding
population growth (Fig. 1a). Housing projections for 2030 suggest that
the number of houses in the island will continue to increase (Stein et
al., 2014).

2.2. Protected areas data

The island has a large network of protected areas andwe focused our
analysis on those terrestrial protected areas (n= 124), which as of Sep-
tember 2015 occupied 8% (709 km2) of the land surface (Fig. 1b), and
excluded marine protected areas, protected areas that are cays or islets,
and marine extensions of coastal protected areas (Caribbean Landscape
Conservation Cooperative, 2015). Terrestrial protected areas in Puerto
Rico are typically small, range from less than 1 km2 to 115 km2 (mean
= 6 km2) and include public and privately-owned land (e.g., State For-
ests andNatural Reserves, US Forest Service National Forest, US Fish and
Wildlife Service Refuges, NGOs). About 71% (500 km2) of the protected
areas occur in the interiormountains andhills, and 29% (209 km2) in the
coastal plains.

2.3. Census data

To evaluate changes in population and housing units we used popu-
lation and housing data for the years 2000 and 2010 from theUS Census
at the level of census block, which is the smallest census unit (US Census
Bureau, 2015). A housing unit is a living quarter in which the occupant
or occupants live separately from any other individuals in the building
and have direct access to their living quarters from outside the building
or through a commonhall, and includes permanent residences, seasonal
houses and vacant units (US Census Bureau, 2015). Thus, apartments
andmultifamily units in a single structure are counted asmultiple hous-
ing units. A major challenge for direct comparisons of census datasets
from different years is the potential changes in the number and bound-
aries of the census blocks between years (Logan et al., 2014). In Puerto
Rico there were ~55,000 census blocks in 2000 but ~76,000 census
blocks in 2010. To overcome this limitation we used an algorithm to al-
locate 2000 housing and population data to 2010 blocks and adjust
those blocks for the protected area's boundaries (Radeloff et al., 2010;
Syphard et al., 2009) using the 2000–2010 census blocks and Block Re-
lationship File provided by the US Census Bureau, and our protected
areas layer.

2.4. Analysis

To quantify changes in people and housing units around protected
areas, we used buffers of different sizes aroundprotected areas.Measur-
ing changes in land use/land cover at different distances to protected
areas is a common approach to quantify the strength of the interactions
between protected areas and external pressures in surrounding lands
(Hamilton et al., 2013; Leroux and Kerr, 2013; Ye et al., 2015). Land
use activities at shorter distances are expected to have a larger effect
on protected areas than if the same activity occurs further away
(Mcdonald et al., 2009). For the purpose of this studywe used distances
of 0.5, 1, 1.5 and 2 km of the boundary of the protected areas, which
were large enough to include multiple census blocks, representing 8%,
15%, 23%, and 31% of the island's land surface, respectively. We decided
our buffers based on the size of the island and to align with previous re-
search for comparison of results (Radeloff et al., 2010). For each
protected area and buffer zone, we extracted the number of housing
units and population in 2000 and 2010 from the census based on the



Fig. 1. a) Puerto Rico's total population andhousing units from1950 to 2010, and rates of population and housing changes between decades (dotted lines). b) Study area showingprotected
areas in Puerto Rico (mainland, Culebra and Vieques).
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proportion of the census block that was embedded in the buffer. For ex-
ample, if half of the census block laid within the buffer zone, so half of
the population in that census block was counted for the analysis,
based on the assumption that population and housing are evenly dis-
tributed within census blocks as in Radeloff et al. (2010). We did not
evaluate changes in population and houses within the limits of
protected areas because population and housing are expected to occur
at very low densities inside protected areas in Puerto Rico.

For objective one, i.e., quantify changes in housing and population
around the entire network of protected areas, we summarized the
total housing and population in 2000 and 2010 for each buffer around
the entire protected area network, and reported the changes in total
numbers of people and houses, rates of change relative to 2000 condi-
tions (i.e., % change), as well as changes in densities (i.e., housing/km2,
people/km2) between the two years. We also compared these values
with the results for the entire island.

For objective two, i.e., changes in housing and population around in-
dividual protected areas, we calculated changes in the total number of
people and houses, rates of change relative to 2000 conditions, as well
as changes in densities around each protected area, and created maps
depicting the changes at the level of individual protected area for the
entire island. Analysis at the level of individual protected areas allowed
us to assess spatial patterns of population and housing changes around
the island, and to identify the number of individual protected areas that
experienced increase, decrease, or no change in surrounding population
and/or housing. Although we reported changes around protected areas
using different buffer sizes, we focused some of our result based on the
1-km buffer distance, which is somewhere in the middle ground of our

Image of Fig. 1


Fig. 3. Housing density, and population density within buffer zones around the entire
network of protected areas, and island-wide.
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buffer sizes. Residential development at this buffer size has shown to af-
fect biodiversity inside protected areas (Wood et al., 2015). Further-
more, the 1-km buffer zone is relevant because we can make
comparisons with other studies linking land use change within this dis-
tance to protected areas (Maiorano et al., 2008; Radeloff et al., 2010,
Wilson et al., 2015).

3. Results

3.1. Housing and population around the entire network of protected areas

From 2000 to 2010, 32,300 new houses were constructed within
1 km of the protected areas (Fig. 2). By 2010, there were 240,504 hous-
ing units (old and new) within 1 km of the protected areas, accounting
for 15% of all houses in the island. The rate of housing growth within
1 km (16%) was quite similar among buffers and the island at large
(15%, Fig. 2). As a result, housing density within 1 km increased from
152 housing units/km2 in 2000 to 176 housing units/km2 in 2010 (Fig.
3).

From 2000 to 2010, 28,868 fewer people lived within 1 km of the
protected areas (Fig. 2). Overall, 497,558 people lived within 1 km of
the protected areas, accounting for 13% of the total population in the is-
land by 2010. Rates of population decline within buffers ranged from
−6% to−4%, but all exceeded the island-wide rate (−2%). The highest
rate of population decline occurred within 0.5 km (−6%), where the
population decreased from 259,542 in 2000 to 243,066 in 2010. Popula-
tion densitywithin 1 kmdecreased from385 people/km2 in 2000 to 363
people/km2 in 2010 (Fig. 3).

3.2. Housing and population around individual protected areas

When examining individual protected areas, we found considerable
variation in terms of housing and population change within 1 km of
each individual protected area (Fig. 4). Of the 124 terrestrial protected
areas, 58 had fewer people within 1 km of their boundaries between
2000 and 2010 (11 to 5739 fewer people, or 3% to 41% decline), 50
protected areas had more people (i.e., 11 to 868 more people, or 3% to
279% growth); and 16 exhibited minimal change ranging from −10 to
10 people (−2% to 2%). On the other hand, 112 of the 124 protected
areas showed increases in housing numbers within 1 km of the bound-
aries between 2000 and 2010, i.e., 11 to 1824 new housing (3% to 310%
growth), while only 4 protected areas had −11 to −55 fewer houses
(−3% to −36% decline), and 8 protected areas exhibited minimal
Fig. 2. Population and housing net change, and rates of changewithin buffer zones around
the entire network of protected areas and island-wide, between 2000 and 2010.
change of−10 to 10 units (−2% to 2%) (Fig. 4). Population and housing
changeswithin other buffer zones around individual protected areas are
shown in the Appendix 1, but the trends were consistent.

In general, the highest increases in population and housing occurred
within 1 kmof the boundaries of the protected areas located in the east-
ern part of the island (e.g., El Yunque National Forest), central-east (e.g.,
Carite State Forest, Sistema de Cuevas y Cavernas de Aguas Buenas Nat-
ural Reserve), and north of the island (e.g., Laguna Tortuguero Natural
Reserve, Caño Tiburones Natural Reserve) (Fig. 4, Appendix 1). The
highest declines in population around protected areas occurred in the
municipality of San Juan, Puerto Rico's capital city (e.g., Caño Martin
Peña Natural Reserve, Nuevo Milenio Urban Forest) and in the east of
the island (e.g., Medio Mundo y Daguao Natural Area), however, hous-
ing units increased around these protected areas like around protected
areas with no change in population around them (e.g., Cabo Rojo Na-
tional Wildlife Refuge) (Fig. 4, Appendix 1).

4. Discussion

4.1. Housing and population around the entire network of protected areas

Our most important finding was that high rates of residential devel-
opment remain to be an important threat to protected areas in Puerto
Rico despite the overall population decline in the island, and around
the entire network of protected areas. However, we found residential
development around protected areas is similar to the general rate for
the island, contradicting other studies that found a disproportional res-
idential growth near protected areas (Brambilla and Ronchi, 2016;
Radeloff et al., 2010;Wade and Theobald, 2010). In general, and consid-
ering the small size of Puerto Rico, it is likely that some of the newhous-
ing developments that we observed around protected areas are a
consequence of urban sprawl (Martinuzzi et al., 2007). For example,
we found there were almost two-and-a-half times more housing units
within 1 kmof Puerto Rico's protected areas than around all USNational
Parks in the conterminous U.S. by the census year 2000 (208,204 vs.
85,000 housing units, respectively) (Radeloff et al., 2010).

Image of Fig. 2
Image of Fig. 3


Fig. 4. Spatial patterns of housing and population changes within 1 km of individual protected areas. The number of protected areas in each class is shown between parenthesis.
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4.2. Housing and population around individual protected areas

We found considerable spatial variation of population and housing
change among individual protected areas. For example, almost half of
the protected areas witnessed a decrease in population in their vicinity,
while the other half witnessed a population increase as showed in other
studies (Hansen et al., 2002; Wittemyer et al., 2008), and contradicting
global findings that showed no evidence of disproportional population
growth near protected areas (Joppa et al., 2009). These different results
suggest that actual population changes around individual protected
areas were masked by the overall population decline when analyzing
all protected areas as a group, and that the large drop in population
near a few protected areas located in the metropolitan area (e.g., Caño
Martin Peña Natural Reserve, Nuevo Milenio Urban Forest) were likely
themain contributors for the overall decline. Similarly, we found spatial
variation of housing change among individual protected areas. Although
housing units increased around most protected areas, the rates of in-
crease showed considerable variations. For example, about 60% of the
protected areas witnessed an increase in housing in their vicinity at
higher rates than around protected areas when analyzed altogether
and for the island at large. For example, housing units growth by 90%
(1154 new houses) around Bosque Tropical Palmas del Mar Conserva-
tion Easement, and by 74% (104 new houses) around Vieques National
Wildlife Refuge.

Our analysis was not designed to identify the causes and mecha-
nisms of increasing housing development around protected areas in
the island; however, there are likely several factors at play. For example,
economic factors in Puerto Rico promote new residential developments
in the island. Tax-related benefits, warm weather conditions through-
out the year, and tropical beaches, are some of the factors that make
Puerto Rico an ideal retirement destination for US citizens. For example,
government Act 22 (Individual Investors Act) exempts residents from
taxes on dividends, which is highly attractive for foreign investors dur-
ing a phase of declining property prices in the island. Despite families
and individuals continued out-migration, the government of Puerto
Rico continues to promote the development of new housing construc-
tion through programs like “Impulso a la Vivienda” Act 152, American
Recovery and Reinvestment Act of 2009, and the USDA Rural Housing
Service, and the identification of public lands for affordable housing de-
velopment to low andmoderate incomehouseholds are a priority in the
Puerto Rico State Housing Plan for fiscal years 2014–2018 (Estudios
Tecnicos Inc., 2014).

4.3. Implications for management

Management actions to mitigate threats from residential develop-
ment around protected areas in tropical islands like Puerto Rico will
benefit from considering the spatial variability found in our study, but
also on taking into account the ecological context in islands, very differ-
ent from those in continents and temperate regions of theworld. Effects
associated with residential development and human population near
protected areas are less predictable in our study case because of the
island's social and ecological context. For example, Puerto Rico like
other islands in the Caribbean region have high rates of biodiversity
and endemic species (Pulwarty et al., 2010), but also a high percentage
of nonnative animals and plants that are widely distributed, and many
of which have become naturalized and constitute novel ecosystems
(Martinuzzi et al., 2013; Morse et al., 2014). For example, nonnative
flora contributes to 32% (1032 species) of the total flora in Puerto Rico
and the US Virgin Islands (Rojas-Sandoval and Acevedo-Rodríguez,
2014), and some of the novel forests in these islands have contributed
to the restoration of previously deforested sites (Lugo et al., 2012b). Fur-
thermore, many native vertebrates in Puerto Rico are found at very high
densities in yards and green areas within urban areas, showing that

Image of Fig. 4
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residential areas in the tropics provide suitable habitats for biodiversity
(Herrera-Montes, 2014; Joglar and Longo, 2011; Lugo et al., 2012a; Lugo
et al., 2012c). However, it has been demonstrated that not all native ver-
tebrates are able to thrive in urban areas in Puerto Rico, such is the case
of the endemic Puerto Rican tody (Todus mexicanus), and the Puerto
Rican bullfinch (Loxigilla portoricensis) notably less abundant in devel-
oped lands of the island (Vazquez-Plass and Wunderle, 2013).

Thus, further research is needed to better understand if the impacts
associated with residential development in temperate and continental
regions of the world (Friesen et al., 1995; Schindler et al., 2000;
Suarez-Rubio and Lookingbill, 2016; Wood et al., 2015) can be translat-
ed to tropical islands where the scales are different as are the nature of
the biota and its biodiversity. Furthermore, there is a need to bring to-
gether diverse sources of data that reflect habitat and species dynamics
to better understand residential effects on species persistence, extinc-
tion rates and distribution (Araújo and Williams, 2000; Araújo et al.,
2008; Yackulic et al., 2015), to more effectively aide conservation de-
sign. This kind of work has been conducted for avian communities in
lands surrounding state forests in Puerto Rico (Irizarry et al., 2016). Fi-
nally, it is equally important to understand how residential develop-
ment alters ecosystem services provided by protected areas in tropical
islands such as water supply, and climate regulation as well as whether
these effects are increased or attenuated when housing units are vacant
or occupied, a common scenario in regions with declining human pop-
ulation and expanding housing development.

4.4. Caveats of our analysis

One important caveat of our finding is the fact that we analyzed de-
cennial census data looking at only two years (2000 and 2010), but we
did not analyzed yearly data sowewere unable to detect yearly changes
in housing that could had happened as a consequence of massive
outmigration that occurred in the middle of the analyzed time period
(D'Vera et al., 2014). For example, housing could have stabilized or
even decreased after this year, but we were unable to detect this with
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decennial census data. Yet, if that was the case, strong reduction in pop-
ulation could have alleviated residential growth during this period, but
we failed to detect it. Another limitation of our methodology is the as-
sumption that population and housing units are equally distributed
within census blocks, which we know is unrealistic (Sleeter and
Gould, 2007), but in our case this limitation was quite reduced because
of the small size of census blocks in Puerto Rico.

5. Conclusion

We demonstrated that lands around protected areas in Puerto Rico
are extremely vulnerable to development, and that residential develop-
ment can continue to grow despite the human population declines.
More broadly, our study provides evidence to support that human pop-
ulation is not always the most important predictor of human pressures
on natural resources consumption and impacts on biodiversity
(Bradbury et al., 2014; Liu et al., 2003). However, we emphasize the im-
portance of considering spatial variability in this type of analysis, in
order to plan effective management actions at local scales. Establishing
effective buffer zones and improving land use regulations around
protected areas would be fundamental strategies to stopmore develop-
ment near protected areas.
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Appendix 1. Housing and population net change and rate of change within buffer zones around individual protected areas.
Protected area
 0.5-km
 1-km
 1.5-km
 2-km
HU
 POP
 HU
 POP
 HU
 POP
 HU
 POP
Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%

io Piedras Old Acueduct
 −13.1
 −15
 −62.0
 −33
 68.4
 5
 −1685.1
 −38
 707.0
 9
 −3840.9
 −20
 2292.3
 16
 −5135.9
 −14

terocarpus Forest of Dorado
 146.2
 53
 195.3
 31
 472.0
 43
 779.4
 35
 682.7
 38
 1276.9
 33
 781.9
 22
 1017.8
 12

añón San Cristóbal NPA
 66.2
 8
 −119.8
 −5
 154.7
 9
 −183.9
 −4
 329.9
 11
 −126.3
 −1
 406.2
 10
 −339.8
 −3

erro Las Mesas NPA
 34.4
 18
 −12.0
 −2
 59.1
 10
 −114.5
 −7
 129.7
 10
 −245.0
 −7
 169.2
 9
 −284.7
 −6

l Convento Caves NPA
 56.1
 38
 86.1
 20
 133.8
 16
 −57.8
 −2
 203.3
 11
 −385.4
 −7
 274.6
 7
 −1258.9
 −10

ulebras NPA
 17.6
 21
 80.2
 58
 60.7
 45
 152.2
 59
 113.3
 46
 220.5
 50
 57.7
 16
 127.2
 19

l Conuco NPA
 8.1
 55
 2.8
 10
 16.6
 40
 0.2
 0
 25.4
 41
 −0.8
 −1
 43.9
 37
 −5.4
 −3

nca Jájome NPA
 16.9
 19
 −13.5
 −5
 42.3
 20
 −13.5
 −2
 88.6
 23
 48.7
 5
 131.4
 21
 93.2
 6

acienda Buena Vista NPA
 −10.6
 −28
 −22.7
 −24
 −16.9
 −14
 −36.0
 −13
 −31.8
 −14
 −82.7
 −14
 −5.9
 −1
 −81.9
 −7

rge Sotomayor del Toro NPA
 25.7
 52
 24.5
 18
 57.4
 53
 56.6
 20
 90.6
 28
 7.1
 1
 101.5
 21
 −128.6
 −9

Robleda NPA
 5.9
 6
 5.7
 3
 47.4
 19
 81.7
 14
 91.2
 20
 99.7
 9
 90.1
 14
 76.8
 5

z Martínez de Benítez NPA
 16.5
 8
 −33.4
 −6
 165.4
 20
 52.0
 2
 278.1
 17
 54.5
 1
 400.0
 15
 −34.0
 0

arín Alto NPA
 −27.5
 −47
 −69.7
 −51
 −55.2
 −36
 −152.2
 −41
 81.2
 26
 75.4
 9
 134.6
 27
 90.0
 7

arueño NPA
 9.4
 8
 3.2
 1
 8.3
 4
 −6.1
 −1
 −19.9
 −5
 −110.5
 −10
 35.8
 5
 −54.8
 −3

edio Mundo y Daguao NPA
 564.1
 43
 −1436.4
 −39
 817.9
 31
 −1830.8
 −25
 985.4
 26
 −1960.6
 −19
 1184.5
 23
 −2610.6
 −19

jo de Agua NPA
 50.5
 12
 −79.7
 −6
 197.3
 30
 224.7
 11
 313.8
 27
 298.6
 8
 549.8
 33
 639.0
 12

araíso de las Lunas NPA
 53.2
 43
 90.1
 25
 132.4
 28
 172.1
 13
 212.0
 22
 254.2
 9
 533.0
 30
 730.5
 14

edro Marrero NPA
 31.1
 38
 22.7
 9
 47.1
 20
 −33.0
 −4
 104.6
 29
 34.2
 3
 151.6
 24
 19.9
 1

unta Cabullones NPA
 3.4
 32
 −1.0
 −3
 64.6
 310
 120.3
 279
 80.5
 223
 141.3
 181
 68.9
 43
 77.9
 19

unta Pozuelo NPA
 −27.4
 −14
 −54.3
 −14
 0.5
 0
 −14.6
 −5
 1.3
 1
 −21.0
 −6
 −24.2
 −10
 −83.0
 −16

ío Encantado NPA
 244.9
 22
 196.1
 6
 295.6
 16
 71.8
 1
 552.4
 22
 518.4
 7
 665.6
 22
 611.1
 7

ío Guaynabo NPA
 25.0
 7
 −38.5
 −4
 43.7
 5
 −177.9
 −7
 356.5
 19
 151.8
 3
 729.5
 18
 402.1
 4

ío Maricao NPA
 39.3
 26
 19.9
 5
 67.6
 23
 4.6
 1
 147.0
 27
 77.7
 5
 124.1
 23
 40.5
 3

n Juan Park NPA
 31.9
 12
 −65.8
 −9
 146.7
 19
 63.7
 3
 229.3
 13
 −120.8
 −3
 522.2
 16
 295.4
 3

ndra NPA
 63.8
 31
 85.5
 17
 234.2
 32
 287.5
 15
 330.9
 18
 202.8
 4
 439.0
 13
 30.0
 0

erra la Pandura NPA
 94.9
 28
 11.5
 1
 231.3
 22
 −95.6
 −3
 351.8
 19
 −275.9
 −5
 378.9
 13
 −626.5
 −8
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Protected area
U
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A
B
C
C
C
C
G
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M
M
M
P
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d
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D
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E
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Fi
Fi
Fi
Fi
Fi
Fi
Fi
Fi
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Fi
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Fi
Fi
Fi
Fi
G
U
La
M
Ir
La
La
La
B
P
C
Ca

C
C
C
C
C

C
B

R

0.5-km
 1-km
 1.5-km
 2-km
HU
 POP
 HU
 POP
 HU
 POP
 HU
 POP
Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%

lpiano Casal NPA
 10.4
 17
 −1.4
 −1
 8.5
 4
 −67.9
 −12
 31.3
 7
 −138.9
 −11
 85.4
 14
 −83.2
 −5

ueblo de Adjuntas' Forest
 −0.2
 0
 −77.2
 −18
 99.5
 34
 106.4
 13
 198.2
 48
 299.8
 25
 310.3
 49
 393.3
 20

guirre ST
 −50.5
 −6
 −390.9
 −19
 −11.3
 −1
 −739.8
 −18
 154.1
 6
 −758.5
 −11
 230.6
 7
 504.4
 7

oquerón SF
 124.9
 20
 −28.3
 −4
 178.6
 16
 −101.4
 −8
 528.0
 32
 50.5
 2
 613.1
 28
 7.2
 0

ambalache SF
 464.1
 18
 70.5
 1
 836.6
 15
 43.0
 0
 1653.0
 20
 1442.5
 6
 2599.4
 23
 3322.5
 11

arite SF
 222.9
 31
 59.9
 3
 742.5
 45
 841.8
 18
 1043.6
 38
 1056.7
 14
 1239.3
 35
 1127.2
 12

eiba SF
 18.1
 7
 −66.2
 −11
 29.4
 4
 −237.7
 −14
 124.6
 7
 −336.0
 −9
 344.2
 7
 −1615.5
 −17

errillos SF
 5.2
 14
 0.6
 1
 77.7
 26
 119.1
 12
 117.5
 22
 173.4
 11
 141.3
 16
 123.9
 5

uajataca SF
 34.7
 20
 −19.4
 −4
 95.1
 18
 −84.5
 −6
 194.3
 20
 −122.5
 −4
 319.6
 19
 −134.5
 −3

uánica SF
 152.7
 12
 −230.4
 −7
 297.4
 13
 −391.2
 −7
 481.6
 13
 −199.1
 −2
 631.0
 12
 −21.7
 0

aricao SF
 79.3
 10
 −61.8
 −3
 154.2
 9
 −242.0
 −5
 399.0
 12
 −226.7
 −3
 568.0
 12
 −447.6
 −3

onte Choca SF
 32.2
 8
 −116.3
 −9
 69.5
 9
 −160.1
 −6
 167.8
 12
 −77.2
 −2
 346.4
 17
 208.5
 3

onte Guilarte SF
 92.0
 28
 52.7
 5
 159.9
 21
 81.9
 4
 242.4
 19
 20.9
 1
 340.4
 19
 109.7
 2

iñones SF
 77.0
 23
 36.2
 4
 116.1
 14
 −77.0
 −3
 207.3
 10
 −410.0
 −7
 244.0
 5
 −1544.9
 −12

ío Abajo SF
 28.9
 16
 29.0
 6
 64.4
 16
 27.4
 2
 96.4
 14
 −4.0
 0
 124.3
 12
 −79.3
 −3

súa SF
 51.4
 10
 −11.3
 −1
 93.6
 6
 −183.6
 −5
 189.5
 9
 −183.2
 −3
 273.9
 8
 −402.0
 −5

ro Negro SF
 143.4
 30
 89.2
 6
 212.5
 23
 −34.8
 −1
 331.2
 21
 −57.7
 −1
 527.6
 23
 77.2
 1

es Picachos SF
 36.6
 19
 0.3
 0
 71.9
 17
 −15.7
 −1
 87.1
 11
 −153.2
 −7
 176.0
 14
 −186.8
 −5

e Vega SF
 444.7
 17
 263.9
 4
 813.3
 15
 −3.5
 0
 1161.7
 13
 −400.8
 −2
 1686.8
 14
 −499.2
 −1

Olimpia SF
 24.0
 12
 −42.9
 −7
 110.6
 22
 66.7
 5
 220.8
 22
 96.2
 4
 300.3
 23
 182.7
 5

n Patricio UF
 282.7
 7
 −682.8
 −8
 780.0
 8
 −1246.5
 −6
 1673.5
 11
 −1359.8
 −4
 1877.4
 9
 −3215.6
 −7

uevo Milenio UF
 527.1
 11
 −863.6
 −7
 1824.3
 14
 −1878.5
 −6
 3505.9
 14
 −3241.5
 −5
 5141.4
 13
 −7952.2
 −8

ona Ines Mendoza UF
 511.1
 9
 −1417.3
 −10
 1405.5
 10
 −3274.5
 −9
 2262.6
 10
 −4373.9
 −7
 4104.3
 12
 −6058.8
 −7

abo Rojo NWR
 275.6
 49
 −12.0
 −2
 486.2
 48
 −5.9
 0
 604.3
 45
 21.1
 1
 727.2
 48
 −5.0
 0

ío Camuy Caves
 52.0
 26
 18.5
 3
 95.2
 19
 13.5
 1
 210.2
 24
 54.1
 2
 302.4
 23
 98.5
 3

n Juan EC
 302.8
 11
 −507.9
 −7
 960.4
 11
 −4951.1
 −19
 1929.4
 9
 −5616.9
 −10
 3979.0
 12
 −7372.6
 −8

ulebra NWR
 115.4
 93
 −3.2
 −2
 309.2
 59
 −27.6
 −3
 475.2
 57
 −41.1
 −3
 521.3
 57
 −45.0
 −3

l Tallonal
 4.7
 4
 −4.6
 −2
 34.9
 11
 22.3
 3
 74.1
 9
 −39.8
 −2
 153.1
 10
 −9.3
 0

l Yunque NF
 297.7
 17
 71.1
 1
 801.4
 21
 593.1
 6
 1247.8
 20
 704.7
 4
 1805.1
 19
 932.7
 4

nca A Matos
 21.8
 16
 −16.0
 −5
 39.1
 13
 −12.9
 −2
 −0.9
 0
 −136.2
 −16
 21.1
 2
 −386.8
 −18

nca Banco Popular de PR
 14.1
 15
 −12.7
 −5
 74.1
 26
 37.5
 5
 83.7
 13
 −82.1
 −5
 155.0
 18
 67.4
 3

nca CDK1_Guillermety
 3.3
 11
 6.1
 7
 10.9
 18
 18.2
 12
 59.8
 39
 107.2
 25
 88.1
 33
 145.6
 20

nca CDK2_Negron
 2.9
 17
 5.5
 12
 10.8
 26
 17.1
 15
 82.6
 66
 178.1
 49
 124.1
 61
 258.3
 44

nca Colón
 6.0
 47
 0.7
 2
 12.7
 47
 1.6
 2
 25.0
 47
 3.1
 2
 35.6
 47
 4.5
 2

nca El Pitirre Inc. #16
 0.6
 12
 2.1
 34
 2.8
 28
 3.3
 30
 2.0
 33
 1.5
 22
 2.1
 35
 2.0
 30

nca El Verde
 1.4
 42
 1.5
 16
 6.6
 20
 3.3
 4
 31.6
 30
 48.8
 18
 62.0
 32
 108.0
 22

nca Hernandez Dairy
 −2.2
 −3
 −33.1
 −15
 23.2
 9
 −40.3
 −6
 84.2
 14
 −72.0
 −4
 122.0
 12
 −67.9
 −2

nca J Gutierrez
 18.3
 11
 −4.6
 −1
 20.3
 9
 −12.9
 −2
 −26.7
 −3
 −471.3
 −23
 17.6
 1
 −555.7
 −18

nca Jose Santiago
 3.9
 6
 −0.5
 0
 23.6
 7
 −4.6
 −1
 65.5
 8
 10.9
 1
 156.4
 10
 52.4
 1

nca Los Frailes
 6.5
 95
 20.7
 149
 12.2
 27
 35.1
 30
 46.3
 48
 114.7
 45
 136.3
 38
 226.5
 23

nca M Rodriguez
 2.9
 10
 −6.5
 −9
 12.1
 13
 −4.1
 −2
 20.5
 15
 14.0
 4
 18.3
 7
 −23.2
 −3

nca Nolla
 61.4
 9
 −96.2
 −6
 113.3
 8
 −302.5
 −8
 327.6
 14
 −160.9
 −3
 553.0
 17
 93.8
 1

nca North Investment &
Properties, Inc.
8.5
 15
 −0.4
 0
 23.7
 14
 13.7
 3
 34.2
 9
 −17.4
 −2
 73.8
 10
 9.8
 1
nca P Hernandez
 5.7
 38
 8.3
 20
 16.8
 37
 25.4
 21
 19.0
 15
 −3.2
 −1
 21.8
 15
 −2.5
 −1

nca San Andrés Dairy
 −32.0
 −19
 −162.1
 −32
 −33.5
 −6
 −296.1
 −18
 −2.1
 0
 −89.6
 −4
 56.4
 4
 226.3
 5

nca Shapiro
 −1.2
 −4
 −17.9
 −24
 15.5
 31
 10.4
 9
 37.9
 16
 −27.1
 −5
 83.8
 19
 17.6
 2

nca Sucn. Lopez
 7.4
 22
 7.4
 8
 16.2
 10
 −11.8
 −3
 25.1
 14
 0.2
 0
 25.9
 11
 −21.8
 −3

uayama EF
 24.7
 36
 −5.7
 −3
 37.0
 29
 −6.8
 −2
 51.4
 23
 −4.3
 −1
 72.2
 20
 −42.2
 −4

niversity of Puerto Rico BG
 174.6
 6
 −925.4
 −15
 1299.6
 15
 −4274.9
 −19
 2721.2
 15
 −4996.7
 −11
 4283.7
 14
 −6921.4
 −10

guna Cartagena NWR
 9.2
 8
 −27.4
 −9
 30.5
 12
 −46.5
 −7
 59.1
 11
 −112.3
 −8
 102.0
 12
 −139.0
 −7

anatí EF
 23.3
 21
 16.5
 5
 56.9
 18
 34.9
 4
 104.9
 22
 91.7
 7
 181.9
 23
 187.1
 9

is Alameda de Boquerón SWR
 79.0
 42
 51.9
 21
 231.4
 39
 116.8
 16
 450.8
 37
 112.7
 7
 665.7
 41
 129.4
 6

go Guajataca SWR
 70.5
 23
 −38.5
 −4
 151.0
 23
 −65.3
 −3
 273.0
 24
 −63.0
 −2
 366.3
 22
 −75.8
 −2

go La Plata SWR
 42.0
 12
 7.9
 1
 197.5
 18
 118.6
 4
 429.0
 23
 519.0
 9
 1245.3
 36
 2208.4
 21

go Luchetti SWR
 −21.2
 −15
 −100.0
 −27
 −53.7
 −17
 −221.6
 −26
 −30.5
 −6
 −223.7
 −17
 −23.4
 −3
 −319.0
 −15

ahía de Jobos NERR
 4.0
 1
 −253.6
 −20
 105.2
 9
 −423.5
 −13
 175.7
 9
 −461.8
 −9
 414.7
 16
 −54.2
 −1

terocarpus Forest NR
 78.6
 125
 187.6
 116
 383.0
 82
 869.0
 76
 720.0
 67
 1537.0
 57
 1172.3
 51
 2036.6
 36

año La Boquilla NR
 227.8
 26
 −237.4
 −11
 360.0
 26
 −409.6
 −12
 614.3
 28
 −321.0
 −6
 894.9
 28
 −351.5
 −4

ñoMartín Peña NR
 195.3
 4
 −1368.2
 −12
 1100.0
 7
 −5739.0
 −16
 2715.0
 9
 −7514.9
 −12
 2747.9
 6
 −

12,126.3

−13
año Tiburones NR
 216.5
 14
 115.8
 3
 598.4
 18
 420.7
 5
 984.0
 19
 626.8
 5
 1222.0
 17
 651.9
 4

ayo Ratones NR
 0.9
 19
 −0.1
 −3
 14.6
 13
 −6.9
 −5
 170.5
 59
 141.5
 33
 669.6
 100
 934.5
 75

erro Las Planadas NR
 26.4
 7
 −119.6
 −11
 49.0
 5
 −321.4
 −13
 84.1
 7
 −409.6
 −12
 198.8
 13
 −257.2
 −6

iénaga Las Cucharillas NR
 349.6
 8
 −1558.0
 −12
 551.6
 6
 −1549.3
 −6
 548.9
 5
 −2253.8
 −7
 711.6
 5
 −3694.4
 −9

orredor Ecológico del
Noreste NR
303.7
 23
 −150.5
 −5
 627.0
 18
 −424.0
 −6
 1040.5
 19
 −343.8
 −3
 1389.9
 17
 −785.3
 −4
ueva del Indio NR
 37.3
 32
 −2.6
 −1
 106.4
 47
 72.0
 13
 168.9
 39
 92.4
 9
 110.5
 23
 0.9
 0

ahías Bioluminiscentes de
Vieques NR
13.7
 39
 14.2
 21
 71.4
 37
 66.7
 17
 162.2
 41
 64.1
 7
 184.6
 26
 −16.8
 −1
ío Espíritu Santo NR
 479.7
 33
 426.5
 14
 824.2
 25
 287.1
 4
 1079.8
 21
 −81.6
 −1
 1367.7
 20
 −217.4
 −1
(continued on next page)
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Protected area
B
Se
H
H
In

La
La
La
La
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M
M
P
P
P
P
C

B

B

C
E
E
Fi
Fi
Fi
Fi
Fo
P
Si
M

0.5-km
 1-km
 1.5-km
 2-km
HU
 POP
 HU
 POP
 HU
 POP
 HU
 POP
Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%
 Net
change
%

elverede NR
 210.2
 27
 −23.1
 −1
 325.9
 30
 147.8
 6
 536.7
 30
 369.2
 9
 1200.4
 57
 1373.2
 30

ven Seas NR
 262.7
 75
 24.6
 5
 288.0
 44
 −12.4
 −2
 228.7
 25
 −172.8
 −9
 346.2
 20
 −329.7
 −10

acienda La Esperanza NR
 319.2
 25
 126.8
 4
 636.7
 21
 38.6
 0
 941.2
 25
 533.6
 5
 1491.6
 30
 1763.5
 14

umedal de Punta Vientos NR
 125.5
 83
 91.8
 24
 171.2
 57
 54.8
 7
 222.4
 37
 −84.6
 −5
 285.4
 25
 −244.7
 −8

és María Mendoza -Pta
Yeguas NR
38.5
 11
 −3.9
 0
 11.9
 2
 −261.9
 −13
 35.0
 3
 −354.4
 −13
 99.5
 9
 −202.2
 −7
Parguera NR
 76.4
 14
 −65.1
 −8
 92.4
 16
 −48.9
 −6
 200.2
 24
 5.0
 0
 353.1
 25
 12.5
 1

guna de Joyuda NR
 99.7
 21
 62.9
 11
 181.3
 20
 104.3
 8
 448.8
 35
 555.0
 25
 1077.0
 61
 1658.2
 49

guna Tortuguero NR
 448.8
 35
 585.4
 16
 982.7
 31
 757.9
 9
 1446.6
 25
 747.4
 5
 2009.2
 21
 465.4
 2

s Cabezas de San Juan NR
 105.0
 67
 −4.8
 −2
 120.1
 44
 −16.1
 −5
 122.5
 36
 −36.4
 −7
 154.7
 42
 −26.6
 −5

s Piedras del Collado NR
 4.3
 39
 1.4
 4
 −1.8
 −3
 −45.2
 −26
 15.9
 12
 −49.3
 −12
 60.9
 21
 −14.0
 −2

anglar de Punta Tuna NR
 134.4
 34
 −102.3
 −9
 209.2
 36
 −69.1
 −4
 263.4
 33
 −30.3
 −1
 314.3
 24
 −206.5
 −5

ata de Platano FS and NR
 5.7
 13
 −4.2
 −4
 17.7
 7
 −23.1
 −4
 9.7
 1
 −173.9
 −10
 75.3
 6
 −147.2
 −4

antano de Cibuco NR
 22.0
 12
 −47.9
 −9
 63.4
 11
 −104.1
 −7
 205.0
 13
 −207.1
 −5
 459.6
 10
 −868.2
 −7

unta Cucharas NR
 42.2
 7
 329.8
 13
 279.5
 9
 −203.5
 −2
 439.5
 8
 −1159.8
 −6
 410.1
 6
 −943.8
 −4

unta Guaniquilla NR
 96.2
 23
 45.5
 13
 77.5
 11
 23.0
 4
 275.2
 26
 110.2
 11
 253.9
 18
 40.4
 3

unta Petrona NR
 40.1
 11
 −137.1
 −12
 70.8
 9
 −263.1
 −12
 110.4
 9
 −444.0
 −13
 145.1
 7
 −753.4
 −13

uevas y Cavernas de Aguas
Buenas NR
365.9
 24
 497.3
 11
 703.1
 24
 815.5
 9
 1439.6
 30
 2138.6
 15
 2331.6
 33
 3492.7
 17
osque Pterocarpus Lagunas
Mandry y Sta Teresa NR
42.3
 5
 −203.9
 −8
 219.7
 12
 159.7
 3
 406.6
 19
 540.5
 9
 781.9
 26
 998.0
 12
osque Tropical Palmas del
Mar CE
840.6
 95
 242.7
 22
 1154.0
 90
 346.1
 18
 1450.0
 80
 272.3
 9
 1734.5
 73
 319.8
 7
entro Espríritu Santo CE
 10.3
 27
 3.2
 3
 20.0
 17
 −0.5
 0
 64.2
 14
 −43.1
 −3
 132.1
 13
 −50.2
 −2

l Rabanal CE
 15.9
 14
 −16.3
 −4
 90.5
 27
 61.4
 6
 139.2
 20
 −17.1
 −1
 265.8
 21
 −0.1
 0

l Tambor CE
 78.5
 15
 −13.8
 −1
 416.2
 34
 446.4
 11
 690.8
 28
 469.8
 6
 1027.3
 31
 1007.1
 10

nca Don Ingenio CE
 52.0
 43
 42.9
 12
 100.0
 26
 24.2
 2
 218.2
 31
 183.2
 9
 283.4
 25
 135.8
 4

nca Gulín CE
 5.8
 27
 5.8
 11
 12.2
 16
 −14.8
 −7
 13.7
 9
 −41.8
 −11
 51.9
 13
 −35.2
 −3

nca Ledesma Moulier CE
 −2.2
 −24
 −10.0
 −39
 23.0
 39
 1.2
 1
 57.6
 36
 21.7
 5
 67.3
 35
 2.3
 0

nca María Luisa CE
 −8.6
 −16
 −29.8
 −26
 −9.9
 −9
 −53.5
 −24
 3.4
 2
 −69.2
 −15
 −14.0
 −5
 −101.3
 −16

reman CE
 12.4
 73
 30.1
 68
 46.5
 46
 103.7
 39
 105.0
 48
 205.1
 35
 114.1
 26
 157.1
 13

unta Ballenas NR
 1.7
 18
 3.7
 34
 2.4
 32
 3.3
 41
 2.1
 19
 3.9
 32
 2.0
 18
 4.0
 31

embra Tres Vidas CE
 16.3
 61
 24.0
 30
 38.5
 48
 40.0
 17
 101.7
 52
 102.3
 17
 142.2
 35
 135.3
 11

ontes Oscuros SE
 59.3
 28
 19.5
 3
 140.9
 16
 −91.1
 −4
 300.3
 16
 −309.1
 −6
 591.3
 18
 −239.3
 −3

ieques NWR
 57.3
 133
 51.7
 75
 114.3
 74
 73.9
 25
 250.2
 61
 115.6
 14
 334.4
 37
 58.5
 3
V
HU=housing, POP= population, ST= State Forest, NWR=NationalWildlife Refuge, EWR=EstateWildlife Refuge, UF=Urban Forest, SE= Sce-
nic Easement, CE=Conservation Easement, NR=Natural Reserve, NF=National Forest, NPA=Natural Protected Area, NERR=National Estuarine
Research Reserve, EC = Ecological Corridor, BG = Botanical Garden, SWR = State Wildlife Refuge.
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