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of Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410, or call (800)
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632-9992. Submit your completed form or letter to USDA by: (1) mail: U.S. Department of
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Contact Information

USDA Forest Service
International Institute of
Tropical Forestry

1201 Calle Ceiba

Jardin Botanico Sur

San Juan, PR 00926-1119

Office Hours
Monday to Friday
07:30 - 16:30 AST

Contact Us
Phone: (787)-766-5335
Fax: (787)-766-6302

Web: http://www.fs/usda.
gov/main/iitf

Find Us
Google Map

Follow Us on Twitter
@USFS IITF

Closed on all Federal holidays
and January 6.
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Institute Research Ecologist Tana Wood measures leaf temperature at El Tallonal, a biological reserve in Arecibo, Puerto Rico.
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Editorial Message
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Editorial team: Marinelis Talavera, Administrative Assistant; Gary Potts, Web Content and Data Manager; Grizelle Gonzélez, Project
Leader; Christopher Nytch, Research Program Support.

This edition of the Institute’s Accomplishments Report spans fiscal years 2014-2015. The past
two years have been exciting and productive! In the following pages you will find numerous
and diverse examples of Forest Service personnel striving to carry out the Institute’s mission,
through the complementary programmatic realms of Research and Development, State

and Private Forestry, and International Development. Just a few of the highlights include

the establishment of a new experiment to test the projected effects of climatic warming in

a tropical forest, the strengthening of international activities throughout the Caribbean and
Central America, and the transfer of technical capacity in rural and urban communities alike
in support of natural resource monitoring, conservation and education. The results of many
of these endeavours have been published in scientific journals, technical reports, and pop-
ular media, including print and online formats. A number of Institute staff members and an
arts and science collaboration received notable accolades as well. All of this work has been
bolstered by a competent administrative support team, and the collaborative efforts of many
valued partners. We are proud of what the Institute has achieved, and pleased to share these
accomplishments with you. Many thanks to all who contributed to this report, and likewise
to the Institute’s continued success. Happy reading!
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Director’s Message

| thank the editorial team for the hard work they have done
in preparing this Accomplishments Report. | also express my
gratitude to all Institute employees, contractors, and collab-
orators for their exemplary performance. What a great job
everyone has done!

As | read this Accomplishments Report, | could not help but
reflect that our employees are performing with effectiveness
at a time when government resources are becoming scarc-
er every year, even as the challenge of dealing with natural
resources increases in magnitude and complexity. Scientists
have formally designated a new geologic epoch to describe
the environmental conditions that we face as a human civi-
lization; they call this epoch the Anthropocene. The Anthro-
pocene represents a challenge to all of us because the Earth
is responding to human activities in ways that we cannot
fully understand or predict with certainty. For scientists, this
epoch of human domination over the world represents a _
tremendous opportunity to advance understanding of social  Institute Director, Ariel E. Lugo

and ecological phenomena, but to do so, we have to re-ex-

amine many of the paradigms that worked in the Holocene yet fall short in the Anthropocene. The
failure of many Holocene-based conservation paradigms and policies requires a quicker turnaround
of information from scientific to policy and public realms. It also requires a different kind of scientific
institution.

Dealing with the Anthropocene requires increasing levels of knowledge and understanding that can
only be acquired through transdisciplinary activities and strong collaborations among all sectors of
society. A scientific institution such as ours cannot operate in isolation from society, particularly if it is
going to be effective in influencing the conservation actions of that society. And so, with this Accom-
plishments Report we disclose our progress towards a collaborative and transdisciplinary organiza-
tion that is aimed at addressing the challenges of the Anthropocene as it cares for tropical lands and
serves its people. | am a biased observer, but | see a lot of progress in our quest, particularly when |
compare this Accomplishments Report with past reports. The Institute is rapidly evolving in the scope
of its scientific investigations, the breadth of its interactions with people and organizations inside and
outside the federal government, and the services it provides society as it confronts the effects of the
Anthropocene. | feel pride in leading this adaptive organization and watching how it uses collabora-
tions to overcome the increasing levels of difficulties that result from declining resources in support
of our mission.

| invite readers to let us know how we have done and to give us feedback on how to be more effec-
tive. We are public servants working for the public good and will listen to your comments and sug-
gestions with the intention of improving our performance and services. In the meantime, MAY THE
FOREST BE WITH YOU!



Vision and Mission

WWision of the Institute is to serve as a center for excellence

where creativity and accomplishments result in timely

products and services that anticipate the needs of society as it
mitigates and adapts to environmental change.

Our mission is to develop and disseminate scientifically-based
knowledge that contributes to the conservation of forests,
wildlife, and watersheds of the*American tropics in the
.-context o'f environmental change.

The Institute stnves to cultlvate an: |ncIu5|ve envwonment and
ensure that albwho visit our facilities are proevided equal access
. to opportunities, programs, and services that are available..

| _care for the safety of ourselves, one another, and
the ubkc.-:&uccess is safely achieving our mission -
R
with aft of us returﬂ'hg home every day!

' ' ' - i‘"
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About the Institute

The International Institute of Tropical Forestry (Institute), headquartered in Rio Piedras, Puer-
to Rico, is a research and technology transfer institute that is dedicated to advancing tropical
forestry on insular, national, and international levels, and developing and exchanging knowl-
edge critical to sustaining benefits of tropical forests and grasslands. The Institute has been

in continuous operation since its inception as the Tropical Forest Experiment Station in 1939.
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Institute social scientist Tischa Mufioz-Erickson addresses a group of natural resource managers at an iTree workshop in San Juan, Puerto Rico.

Members of our community span a wide range of knowledge and skills, including natural
and social scientists, natural resource managers, education outreach and technology transfer
specialists, technicians, as well as contracted professionals, students and volunteers. Togeth-
er these dedicated men and women engage with an equally diverse network of external col-
laborators from the public, private, and non-profit sectors, in order to carry out our mission
and implement our programs.

A demonstration of the use of a range finder.

The influence of the Institute stretches throughout Puerto Rico and the Caribbean, and
beyond to several international sites in Latin America and around the globe. We integrate
long-term scientific studies with applied investigation, quantitative modeling, and landscape
analysis to better understand tropical forest systems and the effects of human-induced pres-
sures, predict future scenarios, devise effective management and governance strategies, and
promote sustainable natural resources stewardship.
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INSTITUTE FACILITIES

Among our many physical assets are a historic and sustainable headquarters building, state-
of-the art chemistry laboratory facilities, a GIS and remote sensing laboratory, a technology
transfer conference center, experimental research forests and scientific equipment, a new-
ly-remodeled field station, and a world-renowned tropical forestry library. Detailed informa-
tion about all of these resources can be found online at: http://www.fs.usda.gov/iitf/.

International Institute of Tropical Forestry Luquillo Experimental Forest
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Headquarters

The Institute Headquarters has 50,000 square feet of modern, state-of the art facilities that
are secure, functional, and accessible, and that service the scientific community of the Insti-
tute and its collaborators. The Headquarters complex is located in Rio Piedras, a sector of San
Juan, and includes the following amenities:

- The Headquarters building, a historical structure fully restored and modernized into a
high-performance sustainable building;

- A Forest Service National Library, containing major pulbications in English and Spanish on
forestry, ecology, management, and utilization of tropical forests as well as other docu-
ments and materials related to tropical forests around the world.

A chemistry laboratory that focuses on analytical chemistry of plant tissues, water, soils,
and air. In a typical year, more than 50,000 analyses on samples collected from tropical
ecosystems around the world are completed by laboratory personnel.

- A spatial analysis laboratory to study landscape ecology using geographic information
systems, remote sensing, and field studies. This laboratory develops information, meth-
ods, and products using spatial data and analyses at multiple scales, which are made
available through maps, publications, and training.

- Atechnology transfer conferece center with capabilities for multiple use combinations for
meetings, trainings, and conferences. This facility has a food serving area and accessible
restrooms.

- A multipurpose building that houses a dormitory, gym, general storage area, office space,
and lunch area.

« An area for sample preparation and long-term storage of samples.

- Three back-up generators to ensure that electrical power is available for continous op-
eration during power blackouts, and a 3,400-gallon potable water tank that can provide
drinking water during water shortages.
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Sabana Field Research Station

The Sabana Field Research Station is situated within the El Yunque National Forest/Luquillo
Experimental Forest (EYNF/LEF). It was originally established by the Forest Service in 1938
with the objective of maintaining security and surveillance of all surrounding forest areas.
Remodeled in 2012, the station has all the amenities to accommodate individuals and groups
interested in completing scientific work in the surrounding areas located within the EYNF/
LEF, including the nearby Sabana River and Bisley Experimental Watersheds.

|
AR

o
Sabana Field Research Station main entrance.

The station’s modern facilities include an administrative building and confer-
ence room, a laboratory building for wet and dry analyses, a multi-purpose
building including office space, laboratory space, oven room, sample prepa-
ration room, storage areas, laundry room, and a flammable storage area,
research offices and a mycology laboratory, and a dormitory building that
sleeps twenty persons, complete with bathrooms, kitchen, living and balco-
ny areas. For more information about Sabana Field Research Station, and for
information about making reservations and conducting research at the sta-

tion, visit: http://www.fs,usda.gov/detail/iitf/research/?cid=FSEPRD486693.  Miriam Salgado, Sabana

Station Manager
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Administration and Support

Administrative Officer: Adolfo Menéndez, amenendez@fs.fed.us

Our Administration and Support staff deliver critical business operations services to the
Institute’s Research and Development, International Cooperation and State and Private
Forestry Programs. Our staff engages in providing technical and administrative support
in the areas of budget, engineering and facilities maintenance, contracting and pro-
curement, facilities and property management, mail services, grants and agreements,
and reception.

Institute Administration and Support Staff: Adolfo Menéndez, Administrative Officer; Yolanda Padilla, Purchasing Agent; Janet
Rivera, Grants Management Specialist; Carlos Esteves, Property Management Technician; Carolyn Pabon, General Engineer; Yanira
L. Cortés, Detailed as Staff Assistant; Carmen Plaud, Specialist Support Assistant; absent: Rosa Avila, Budget Officer; Amelia D4vila,
Contracting Specialist.
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Finances and Workforce

The budget allocation for the Institute supports the workforce, Business Operations, and
programs. The numbers that follow are for fiscal year 2015: October 1st, 2014, to September
30th, 2015.

Incoming Funding

Research Appropriations:
$2.305 million

State and Private : $1.919
million

International Cooperation:
$493,000

Construction and Related
Funds: $119,000
Administration: $1.39 million
Total Funding: $6.226

Distribution of Funds

Employee cost: $3.9 million
(63%)

Support and Operations: $1.4
million (22%)

Distributed to Cooperators:
$1.6 million (25%)

Workforce Statistics

Total Institute workforce:
Permanent workforce: 46

Of the permanent workforce,
10 employees (22%) are sci-
entists.

Temporary workforce: 2
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Funding Partners for Fiscal Year 2015

Cooperators Who Received Funding from the Institute

Non-Governmental Organizations

- Cafi Cultura Puertorriquena, Inc.

- Consejo Asesor para la Forestacion
Urbana y de Comunidades de Puerto
Rico, Inc.

« Fundacién Puertorriquena de Con-
servacion

« Mayaguez Municipality

- Natural History Society of Puerto Rico

« Paso Pacifico

« Puerto Rico Conservation Trust Founda-
tion (Para La Naturaleza)

« St. Croix Environmental Association

- University of Georgia Research Founda-
tion, Inc.

Private Industry and Individuals
« The Greenleaf Group, Inc.
« Dr.James Grogan

Universities

Clemson University

Colorado State University

Michigan Technological University
North Carolina State University
Universidad Metropolitana
University of Missouri

University of New Hampshire
University of Puerto Rico-Agricultural
Extension Service

University of Puerto Rico-Research Divi-
sion

University of Wisconsin

State Government

Puerto Rico Fire Department

Puerto Rico Department of Natural and
Environmental Resources

U.S. Virgin Islands Department of Agri-
culture

U.S. Virgin Islands Fire Department

Cooperators Who Provided Funds to the Institute

Puerto Rico Department of Natural and Environmental Resources

University of New Hampshire
U.S. Fish and Wildlife Service
U.S. Geological Survey

USDA, Climate Change Program Office, Office of the Chief Economist FY15 (USDA, OCE)







Research and Development

Project Leader: Grizelle Gonzalez, ggonzalez@fs.fed.us

The Institute has a long history of re-
search, dating back to the 1920s with
the establishment of large-scale trial
plantings in El Yunque National Forest
with both introduced and native tree

The Institute has one research work unit,
[ITF-4151, titled Tropical American Forest
Conservation. The work unit which carries out
its agenda through several collaborative pro-

species. In the 1930s and 1940s the
Institute completed important silvicul-
tural studies with rigorous controls to
provide an important basis for tropical
forest production. In 1956, El Yunque
National Forest was also designated as
the Luquillo Experimental Forest, and
a forest management plan was devel-
oped that prescribed active manage-
ment of natural stands and the devel-
opment of plantations. In the 1960s
the ecology of unmanaged forests
was begun in earnest via long-term
ecosystem studies, and experimental
research about the fundamental struc-
ture and function of tropical forest
ecosystems and metabolic processes
in response to radiation disturbance.
Ecological research strengthened
during the 1980s with the establish-
ment of the LEF as a National Science
Foundation Long Term Ecological
Research (LTER) Program site, and the
expansion into topics such as carbon

grams and projects. These include:

The Luquillo Long-Term Ecological Re-
search Program

The Luquillo Critical Zone Observatory
The San Juan Urban Long-Term Research
Area

The Urban Resilience to Extremes Sus-
tainability Research Network.

Research focal sites extend throughout Puerto
Rico, the Caribbean, and parts of Latin Ameri-
ca, including:

Luquillo Experimental Forest, within
which are situated the Bisley Experimen-
tal Watersheds, East Peak, and El Verde
Research Area

Guanica Biosphere Reserve

Guayama and Manati Research Areas
Estate Thomas Experimental Forest, St.
Croix, U.S. Virgin Islands

Dominican Republic

The Brazilian Amazon.

and nutrient dynamics, trophic interactions, and the forcing effects of anthropogenic and
non-anthropogenic disturbances. At present, the Institute continues to build upon tradi-
tional research strengths, in addition to adding new emphases that focus on watershed and
landscape perspectives, assessing the effects of climate and land use/land cover change on
tropical ecosystems and their biodiversity, quantifying ecosystem goods and services from
novel forest communities and integrated social-ecological systems, and investigating policy
and governance dynamics of natural resource management.




Leaf 11tte1fall collection by artist Jaime Sudrez in the Luqulllo Experimental Forest.



Ecosystem Ecology Soil Ecology Wildlife Ecology

Ariel E. Lugo Grizelle Gonzélez Joseph M. Wunderle
Institute Director Project Leader Wildlife Biologist
Assembly and functioning of novel eco- Soil ecology and biology, Conservation biology and management
systems; vulnerability and functioning of ecosystem ecology, tropical of birds, especially neotropical-nearctic
urban ecosystems; tropical forest response ecology, earthworm ecology. migrants and their response to human
to environmental change. and natural disturbances.

Wayne J. Arendt Michael Keller Eileen Helmer

Wildlife Biologist Research Physical Scientist Research Ecologist
Disturbance ecology, climate change, Ecology and biogeochemistry of tropical ~ Tropical forest disturbance and recovery
conservation and management of ne- forests, tropical deforestation and forest ~ dynamics; monitoring species composi-
otropical resident and migratory bird degradation, and the effects of land use  tion, community structure and phenolo-

communities and invasive species. on atmospheric composition. gy, from stand to landscape scales.

William A. Gould Tamara Heartsill-Scalley Kathleen McGinley

Research Ecologist Research Ecologist Research Social Scientist
Conservation science, biodiversity, Riparian vegetation, stream dynamics and Natural resource and forest policies,
ecology, land cover mapping, modeling  ecosystem services; monitoring long-term institutions, and governance approach-
future scenarios for conservation plan- ecosystem responses to disturbance; es, primarily in Latin America and the

ning, and field education and outreach. knowledge and perceptions of wetlands. Caribbean.

Landscape Ecology Biogeochemistry
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Social Science Geophysics

| /

Tischa A. Munoz-Erickson Tana E. Wood

Research Social Scientist Research Ecologist
Institutional arrangements, processes, and Effects of climate and land-use change on
tools for facilitating productive, sustaina-  soil and ecosystem-level processes, linkag-
ble interactions among research and poli-  es between microbes and the soil environ-
cy stakeholders, managers, and citizens. ment, and landscape-scale responses.

Ernesto Medina Whendee Silver
Adjunct Scientist Adjunct Scientist
Physiological ecology of plants in Effects of land-use practices on carbon loss-
stressful environments, with emphasis es, carbon sequestration, and biogeochem-
on carbon balance, water stress, and ical cycling; effects of climate and variable
nutrient relations. redox conditions on ecosystem behavior.

Azad Henareh Frank H. Wadsworth

Ashley Van Beusekom
Geophysicist and Hydrologist
Statistical data analysis, computation-
al mathematics, hydrologic modeling,
climate change, inverse problems,
glaciers, and geomagnetism.
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Sebastidn Martinuzzi
Adjunct Scientist
Remote sensing, biodiversity
conservation and environ-
mental change.

Adjunct Scientist Emeritus Scientist
Global effects of climate change, large-scale Management and sustainable use
vegetation and ecosystem change, disturbanc- of forests and fiber-based products;
es and their interactions on landscape structure silviculture and production.

and ecosystem functions.

Plant Physiology Silviculture




TECHNICIANS AND RESEARCH SUPPORT STAFF

Research technicians staff: Carlos R. Estrada Ruiz, Hydrologic Technician; Humberto Robles, Biological Science Technician, Maria M.

Rivera-Costa, General Biologist Specialist; Carlos Torrens, Biological Science Technician; Samuel Moya, General Biologist; absent: Ivan
Vicéns, Forestry Technician.
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Chemical Laboratory research staff: Edgardo Valcarcel, Biological Science Technician; Edwin Lopez, Chemist; Maysaa Ittayem, Chemist;

Maribelis Santiago, Chemist; Mary Jean Sanchez, Supervisory Chemist; Maria del Carmen Marrero, Chemist; absent: Joel S. Olivencia,
Electronic Technician.

2014-2015 Institute Accomplishments Report




Geographic Information System (GIS), remote sensing, web development, and Caribbean Regional Climate Sub-Hub staff: William.
A. Gould, Caribbean Sub-Hub Director; Jessica Castro, Protected Areas Conservation Action Team; Marixa Maldonado, Caribbean
Landscape Conservation Cooperative (CLCC) Administrative Assistant; Maya Quifones, Cartographer; Gary Potts, Web Content and
Data Manager; Isabel K. Parés, Caribbean Sub-Hub Coordinator; absent: Olga Ramos, GIS Analyst; Kasey Jacobs, CLCC Partnership
and Outreach Coordinator; Carlos Rodriguez, Ecologist/Safety Officer.

lITF Research and Development FY15 in photos

Marinelis Talavera and Christopher Nytch
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RESEARCH HIGHLIGHTS

Climate and Global Change

Precipitation and temperature trends
along an elevation gradient in north-
eastern Puerto Rico

Precipitation also appears to increase faster
at higher elevations. As for temperature, the
daily minimum was observed to increase
slightly, and the daily maximum decreased,
suggesting that the range of temperatures
along the elevation gradient is narrowing.

Tropical ecosystems across the globe are
highly sensitive to climate, and individual
regions are able to support their diversity of
species because of their variability of climate
across elevation. Forest Service researchers
studied patterns of trends in local climatic
conditions along a tropical elevation gradient
in an ecologically sensitive area of northeast-
ern Puerto Rico. They examined precipita-
tion and temperature records collected over
twelve years at twenty sites, ranging from sea
level in the coastal zone of the San Juan Met-
ropolitan area up to 1000 m at the top of the
Luquillo Experimental Forest. An analysis of
the driest and wettest months of the rainfall
seasons revealed that the driest months are
getting slightly wetter over time, while no
trend was perceived for the wettest months.

Unlike with precipitation, the pace of tem-
perature change did not vary with elevation
position. These results emphasize that differ-
ing patterns of climate change across trop-
ical elevation gradients should be explored
in order to understand the effects of future
climate scenarios on biological life.

Related Publication: Van Beusekom, A.E.,
Gonzalez, G. and Rivera, M.M. 2015. Short-
term precipitation and temperature trends
along an elevation gradient in Northeastern
Puerto Rico. Earth Interactions 19: 1-33.
www.treesearch.fs.fed.us/pubs/47734

Institute Contacts: Ashley Van Beusekom,
ashley.vanbeusekom@gmail.com;
Grizelle Gonzalez, ggonzalez@fs.fed.us
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Propagation of uncertainty from
statistically downscaled climate
models to hydrologic models

Many tropical islands have limited water re-
sources with historically increasing demand,
all potentially affected by a changing climate.
The effects of climate change on island hy-
drology are difficult to model due to steep
local precipitation gradients and sparse data.
This work uses ten projected climate models
under two greenhouse gas emission scenar-
ios to evaluate the uncertainty propagated

in projecting the effects of climate change

on water resources in a tropical island sys-
tem. The assessment is conducted using a
previously configured hydrologic model for
Puerto Rico. Projected climate data and their
modelled hydrologic variables versus histori-
cal measurements and their modelled hydro-
logic variables are found to have empirical
distribution functions that are statistically dif-
ferent with less than 1year of daily data ag-
gregation. Thus, only annual averages of the
projected hydrologic variables are employed
as completely bias-corrected model outputs.
The magnitude
of the projected

- MSD

projected total flow decreases by 50-90%

of historical amounts from the 1960s to the
2090s for the high emissions greenhouse gas
scenarios and by 40-80% for the low emis-
sions scenarios. At the two most important
reservoirs for San Juan, Lago La Plata and
Lago Loiza, projected streamflow is shown to
decrease substantially below projected with-
drawals by 2099.

Collaborating Institutions: U.S. Geological
Survey, Southeast Climate Science Center;
North Carolina Cooperative Fish and Wildlife
Research Unit

Related Publication: Van Beusekom, A.E.
and Collazo, J.A. 2015. Climate change and
water resources in a tropical island system:
propagation of uncertainty from statistically
downscaled climate models to hydrologic
models.” International Journal of Climatology
(early online). http://onlinelibrary.wiley.com/
doi/10.1002/joc.4560/full

Institute Contact: Ashley Van Beusekom,
ashleyvanbeusekom@fs.fed.us

Range of GCMs
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total flow de-
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four regions
covering Puerto
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Modeling surface runoff in Puerto Rico
with dynamic land cover

This study quantitatively explores whether
land cover changes have a substantive effect
on simulated streamflow within the tropical
island setting of Puerto Rico. The Precipita-
tion Runoff Modeling System (PRMS) was
used to compare streamflow simulations
based on five static parameterizations of
land cover with those based on dynamically
varying parameters derived from four land
cover scenes for the period 1953-2012.The
PRMS simulations based on static land cover
illustrated consistent differences in simulated
streamflow across the island. It was deter-
mined that the scale of the analysis makes a
difference: large regions with

localized areas that have un-

e Measured

Collaborating Institutions: North Carolina
State University, U.S. Geological Survey

Related Publication: Van Beusekom, A.E.,
Hay, L.E., Viger, R.J., Gould, W.A., Collazo, J.A,,
and Henareh Khalyani, A. 2014. The Effects of
Changing Land Cover on Streamflow Simula-
tion in Puerto Rico. Journal of the American
Water Resources Association 50(6):1575-
1593.doi: 10.1111/jawr.12227

Institute Contacts: William Gould,
wgould@fs.fed.us; Ashley Van Beusekom,
ashleyvanbeusekom@fs.fed.us
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Tropical Responses to Altered Climate
Experiment (TRACE)

Tropical forests are expected to experience a
significant and permanent increase in tem-
perature over the next 20 years. Given the
importance of these ecosystems to biodiver-
sity as well as the cycling of water and carbon

warm small patches of forest by 4 °C relative
to control plots, using a hexagonal array of
Infra-Red heaters established 2m above the
understory vegetation. A multitude of re-
sponses to warming will be assessed ranging
from the effects on the microbial community
composition and function to the acclimation
potential of photosynthesis of understory
plants. Construction of the

infrastructure began Fall
2013 and was completed
in May 2015. In anticipa-
tion of the start of this un-
precedented experiment,
TRACE has been featured
in several local and inter-
national news outlets such
as Al Jazeera America,
ClimateWire, and El Nuevo
Dia. Pretreatment data col-
lection is currently under-
way and the experiment is
set to begin Spring 2016.
More information about
this project is available at

Tropical Responses to Altered Climate (TRACE) Research Plot.

on a global scale, studying their potential to
adapt to a new climate regime is critical to
our ability to effectively manage these eco-
systems and to accurately predict feedbacks
to future climate. In response to a recognized
need to understand tropical forest respons-
es to increased temperature, Forest Service
researchers and partners have established
the first field warming experiment to be
conducted in a tropical forested ecosystem
in the Luquillo Experimental Forest of north-
eastern Puerto Rico. The Tropical Responses
to Altered Climate Experiment (TRACE) will

www.forestwarming.orq.

Collaborating Institutions: Michigan Tech-
nological University; U.S. Geological Survey;
U.S. Department of Energy, Terrestrial Divi-
sion

Related Publication: Cavaleri, M.A., Reed,
S.C., Smith, KW.,, Wood, T.E. 2015. Urgent
need for warming experiments in tropical
forests. Global Change Biology 21 (6): 2111-
2121.
http://www.treesearch.fs.fed.us/pubs/49346


http://www.forestwarming.org

Assessing leaf-level effects of sinks, yet evidence suggests they may al-
increased temperature on tropical ready be near a high temperature threshold,

which could potentially reduce their ability

to take up carbon from the atmosphere. At
the same time, whether or not tropical plants
will acclimate to anticipated changes is not
well understood. Forest Service scientists and
partners will address this question with in situ
warming of individual canopy leaves accessi-
ble from a canopy access tower in
the Luquillo Experimental Forest.
The canopy access tower was
installed in November 2015 and
has been officially certified as
safe to climb. The tower will be
instrumented with a weather sta-
tion to monitor the local climate.
At the same time, engineers at
Michigan Technological Universi-
ty have developed a novel, state
of the art system for warming
canopy leaves. Canopy research
is set to begin Summer 2016.

forest canopy trees

Temperatures are expected to increase sub-
stantially in tropical forested ecosystems

in the coming decades. Tropical trees are
among the world’s most important carbon

Collaborating Institution: Mich-
igan Technological University

Related Publication: Cavaleri,
M.A., Reed, S.C., Smith, K.W.,
Wood, T.E. 2015. Urgent need for
warming experiments in tropical
forests. Global Change Biology 21
(6): 2111-2121. http://www.tree-
search.fs.fed.us/pubs/49346

Institute Contact: Tana Wood,
tanawood@fs.fed.us

<« The Luquillo Experimental Forest canopy access
tower, installed November, 2015.




Experiment, monitoring, and gradient methods used to infer climate change
effects on plant communities yield consistent patterns

We assessed the consistency of three
approaches in estimating warming
effects on plant community compo-
sition: manipulative warming experi-
ments, repeat sampling under ambient
temperature change (monitoring), and
space-for-time substitution. The three
approaches showed agreement in the
direction of change (an increase in the
relative abundance of species with a
warmer thermal niche), but differed in
the magnitude of change estimated. Ex-

perimenta| and monitoring approaches Thermophilization of plant communities in response to multiple

- . . years of experimental warming scaled to a 1 °C increase in temper-
were similar in magthde’ whereas ature. Thermophilization is a pattern of species turnover wherein

space—for—time comparisons indicated a  more cold-adapted species decline in relative abundance and more

much stronger response These results warm-adapted species increase. The purple reference line shows effect
’ size after four summers of warming. (8 regions, 12 studies, 320 plots).

suggest that all three approaches are

valid, but experimental warming and long-term monitoring are best suited for forecasting

effects over the coming decades.

Collaborating Institutions: National Ecological Observatory Network, University of Col-
orado, University of British Columbia, Grand Valley State University, Faroese Museum of
Natural History, Memorial University, Norwegian Institute for Nature Research, University of
Iceland, University Centre in Svalbard, U.S. Fish and Wildlife Service, Université du Québec a
Trois-Rivieres, Icelandic Institute of Natural History, University of Gothenburg, University of
Edinburgh, Edinburgh, Florida International University, Swiss Federal Institute for Snow and
Avalanche Research, University of Texas at El Paso, and HOMER Energy.

Related Publication: EImendorf, S.C,, Henry, G.H.R,, Hollisterd, R.D., Fosaa, A.M., Gould, W.A,,
Hermanutz, L., Hofgaard, A., Jonsdottir, LI, Jorgenson, J.C., Levesque, E., Magnusson, B., Mo-
lau, U., Myers-Smith, I.H., Oberbauer, S.F, Rixen, C., Tweedie, C.E., Walkers, M. 2015. Experi-
ment, monitoring, and gradient methods used to infer climate change effects on plant com-
munities yield consistent patterns. PNAS. 112(2): 448-452. www.pnas.org/cgi/doi/10.1073/
pnas.1410088112

Institute Contact: William Gould, wgould@fs.fed.us




Assessing vulnerabilities to climate
change in tropical agriculture and
forestry

This is the first major output of the USDA Car-
ibbean Climate Hub. It is a review of vulner-
abilities and adaptation practices in sectors
involved in forest management, livestock,
grassland and grazing management, and
crops such as coffee, fruit trees, plantains, ba-
nanas, vegetables and root crops. Historically,
people have depended on these products
for subsistence and export as valuable cash
crops. Currently,
Puerto Rico and the
U.S. Virgin Islands
import the vast
majority of their ag-
ricultural products
and local produc-
tion is well below its
full potential. The
study highlights vulnerabilities to climate
change and increasing climate variability in
the region’s forestry and agricultural sectors:
« Food security is reliant on local produc-
tivity - however, climate change and
extreme weather events in other regions
also impact global markets and maritime
shipping which can affect U.S. Caribbean
food security and agriculture production;
« Climate change and weather variability
are likely to make prices more volatile,
which influence landowner decisions and
farming success;
« The arrival and proliferation of new and
existing pests may adversely affect hu-
mans, livestock, wildlife and crops;

« Sea level rise and salt water intrusion are
affecting coastal populations, aquifers,
and prime agricultural lands;

« Conflicting demands on a limited land
base highlight the need for multi-sector
adaptation planning;

« Unemployment and poverty levels are
among the highest in the United States;

« Producers may lack access to expertise,
information, research, financing or equip-
ment for adaption; and

« High production costs, labor issues, and
competition from external producers
present barriers to expansion of local pro-

duction.

Collaborating
Institutions: The
USDA Tropical Ag-
ricultural Research
Station (TARS), The
USDA Natural Re-
source Conserva-
tion Service (NRCS) Caribbean Area, the Farm
Service Agency (FSA) and Rural Development
(RD) in Puerto Rico and the U.S. Virgin Islands,
and the USDA Office of the Chief Economist
(OCE).

Related Publication: Gould, W.A,, Fain, S.J.,
Pares, I.K., McGinley, K., Perry, A. and Steele,
R.F. 2015. Caribbean Regional Climate Sub
Hub Assessment of Climate Change Vulner-
ability and Adaptation and Mitigation Strat-
egies, United States Department of Agricul-
ture, 67 pp.

Institute Contact: William Gould, wgould@
fs.fed.us
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Element uptake in mangroves

Long-standing cooperative work continued with researchers in Venezuela on the mangroves
of the Maracaibo basin. They finished the analysis of uptake and resorption of minerals by
mangrove species with contrasting mechanisms of salt regulation, Laguncularia racemosa
and Rhizophora mangle. The salt excluder (R. mangle) was more efficient at restricting Na and
S uptake, resorbing P, and accumulating Fe than the salt secreter (L. racemosa).

Collaborating Institution: Universidad del Zulia, Maracaibo, Venezuela
Related Publication: Medina, E., Fernandez, W., & Barboza, F. (2015). Element uptake, accu-

mulation, and resorption in leaves of mangrove species with different mechanisms of salt
regulation. Web Ecology, 15 (1): 3.

Contact: Ernesto Medina, medinage@gmail.com

2014-2015



Mangrove photosynthesis and soil-
plant relationships

A study in Brazil investigated the soil-plant
nutrient relations and photosynthesis of
mangrove species near their southern most
sites in that country (26-28°S). At each site,
613C values of Avicennia schaueriana were
consistently higher than those for the other
species, indicating that these species are sub-
jected to contrasting water stress conditions.
Leaf concentrations of C were lower, whilst
those of N were always higher in A. schaueria-
na, indicating accumulation of salts and non-
protein N-compounds in leaves. Lower pho-
tosynthetic rates and carboxylation efficiency
of R. mangle may constitute constraining fac-
tors preventing this species from establishing
at higher latitudes. Sites sampled were com-
paratively fertile, because sediment transport
through fresh water run-off is predominant
in humid coasts, and therefore plants were
not limited by nutrient supply, nor particu-
larly stressed by soil salinity. The results were

Field team at Palhosa, Brazil.

presented in the XI Latinamerican Botanical
congress in Bahia, Brazil (October 2014).

Collaborating Institutions: Universidad
Stadual de Rio de Janeiro, Brazil; University of
Puerto Rico-Rio Piedras

Contact: Ernesto Medina,
medinage@gmail.com

Related Publications: Soares, M.L.G., Tognel-
la, M.P.P, Cuevas, E., and Medina, E. 2015.
Photosynthetic capacity and intrinsic wa-
ter-use efficiency of Rhizophora mangle at its
southernmost western Atlantic range. Photo-
synthetica 53 (3): 464-470.

Tognella De Rosa, M., Soares, M., Cuevas, E.
and Medina, E. 2016. Heterogeneity of ele-
mental composition and natural abundance
of stables isotopes of C and N in soils and
leaves of mangroves at their southernmost
West Atlantic range. Brazilian Journal of Biol-
ogy 76 (4).




Terrestrial ecosystems at Toolik Lake,  grasses and woody shrubs versus the mosses
Alaska and lichens.

Collaborating Institutions: Woods Hole
Marine Biological Laboratory, University of
Alaska, University of Texas, University of Min-
nesota, University of Michigan, University of
Florida, Colorado State University, University
of California.

Related Publication: Shaver, G.R., Laundre,

J.A., Bret-Harte, M.S., Chapin, F.S. lll, Merca-

do-Diaz, J.A., Giblin, A.E., Gough, L., Gould,
i A sy . W.A., Hobbie, S.E., Kling, G.W., Mack, M.C,,
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Ecological Research Site. The chapter focus- ~ systems at Toolik Lake, Alaska. In Hobbie, .

es on the overall structure and function of JE. anc! Kling, G.W. (eds.). A changing arctic:
different components of the landscape near ~ €cological consequences for tundra, streams,
Toolik Lake, Alaska. It describes and com- and lakes. Oxford Univ. Press, Oxford, New

pares key physical, chemical, and biological ~ York. 90 pp.

controls over the distribution and function

of these ecosystems. It discusses timescales ~ Institute Contact: William Gould,
and trajectories of system-level change in wgould@fs.fed.us

response to changes in the con-
trols. It considers how current and
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anticipated changes in climate af- =

fect the dynamics of soils and soil = Bl 1585-1550
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of Veg_etatlor? pIOtS at the Toolik growth forms located at the Imnavait Creek and Toolik grids from 1989-
LTER site, which show trends towards 1990 to 2007-2008 (Letters above the bars indicate significant differenc-

increasing cover and dominance of the es Error bars represent standard errors).




Soil nutrients, landscape age, and
Sphagno-Eriophoretum vaginati

plant communities in Arctic moist-
acidic Tundra landscapes

In this work we assessed how organic and
mineral soils from Toolik and Imnavait grids,
two long-term research sites in northern
Alaska, vary in terms of a number of different
physical and chemical parameters, including
total C, N, and S. These two sites differ in land-
scape age and glacial history by over 100,000
years, but currently have similar vegetation
composition. Our analysis was narrowed to
soils in Sphagno-Eriophoretum vaginati plant
communities. We found that most of the
parameters evaluated were not significantly
different between these sites, except for total
Ca, which was significantly higher in organic
soils from Imnavait (older) vs. Toolik (younger),
and total Na, which was significantly
higher in mineral horizons from Toolik
compared to Imnavait. Moreover, the
abundance of non-Sphagnum mosses
was positively correlated with total
Ca in organic soils; whereas the abun-
dance of forbs, non-Sphagnum moss-
es and bryophytes was negatively
correlated with total Na in mineral
soils. We suggest that differences in
the concentration of these two ele-
ments are most likely tied to land-
scape age differences between these
sites. However, observed dissimilarity
in terms of total Ca in organic soils
and total Na in mineral soils was con-
cordant with correlation patterns ob-
served between these elements and
the abovementioned growth forms.

149°35'0"W

149°35'0"W

Therefore, it is possible that existing differenc-
es in vegetation composition between these
sites are also influencing the concentration

of these elements in soils, particularly that

of Ca since non-Sphagnum mosses are dom-
inant above organic soils in these sites and
are therefore expected to significantly affect
biogeochemical processes of this horizon.

Related Publication:

Mercado-Diaz, J.A., Gould, W.A., Gonzélez,
G. 2014. Soil nutrients, landscape age, and
Sphagno-Eriophoretum vaginati plant com-
munities in Arctic moist-acidic Tundra land-
scapes. Open Journal of Soil Science 4:375-
387.

Institute Contacts: William Gould,
wgould@fs.fed.us; Grizelle Gonzalez,
ggonzalez@fs.fed.us

149°30'0"W

149°25'0"W

149°20'0"W

149°30'0"W 149°25'0"W

N O L1

149°20'0"W

0 05 1 2 3 4
------ Pipeline [ it of itkillik Phase |
Dalton Highway Drift of ltkillik Phase |1

/] Toolik Lake Gria Il Drift of Sagavanirkiok river
[ Imnavait Grid

Landscape ages and the location of the Toolik Lake and Imnavait Creek 1km?
grids in the Upper Kuparuk River region in Northern Alaska.



Tropical forest responses to large-scale experiments

Six synthesis articles cover-
ing recent large-scale field
experiments that have
been highly influential in
tropical ecology and that
further our understanding
of how these forests will
respond to global envi-
ronmental change were
published in Bioscience.
Two of the articles focus
on how human-induced
habitat loss or hunting has
altered tropical forests.
The remaining four articles
address global climate
change effects on tropical
forests-specifically, hurri-
canes, drought, fire, and
temperature changes. This
special section of hot-topic
synthesis articles will pro-
vide a long-lasting source
of understanding of trop-
ical forests, as well as pro-
vide motivation and direc-
tion for establishing future perulmeni‘_ ilests of Global Change Models
research needs in these m'w Best I:raEE[ces m Hlstorlcal sEcology
threatened ecosystems.

Collaborating Institution: USDA, National Wildlife Research Center

Related Publication: Shiels, A.B. and Gonzalez, G. Tropical Forest Responses to Large-Scale
Experiments. 2015. Volume 65 (9): 839-840. doi: 10.1093/biosci/biv126. http://bioscience.
oxfordjournals.org/content/65/9/839.short

Institute Contact: Grizelle Gonzédlez, ggonzalez@fs.fed.us




Tropical forest responses to large-
scale experimental hurricane effects

A Special Issue of Forest Ecology and Man-
agement on Tropical Forest Responses to
Large-scale Experimental Hurricane Effects
was published, containing 13 manuscripts
summarizing the findings of a 10-year,
on-going manipulative experiment (the Can-
opy Trimming Experiment, CTE), that simu-
lates two key aspects of hurricane effectsin a
wet tropical forest. Although previous studies
of tropical and subtropical forests have docu-
mented changes resulting from hurricanes, it
is not clear which of the two simultaneously
occurring direct effects of hurricanes—cano-
py openness or debris deposition—most in-
fluence responses. In the Luquillo Experimen-
tal Forest (LEF), a multi-disciplinary team of
scientists used experimental manipulations,
representing a replicated factorial design, to
determine the independent and interactive
effects of canopy openness and debris dep-
osition on forest structural and functional
characteristics. Although simulated hurricane
effects triggered complex dynamics, in-
creased canopy openness accounted for the
majority of the documented shifts in forest
biota and biotic processes, the large inputs
of canopy debris and interactive effects of
canopy openness and debris also produced
important forest changes. Canopy openness
increased pioneer plant recruitment and
species richness, and decreased litterfall and
decomposition; several animal groups were
reduced in abundance or diversity. Debris
deposition significantly increased tree basal
area and microbial diversity on leaf litter,

but these increases were relatively small

and ephemeral. Arguably, hurricanes are the
most important natural disturbance affect-
ing the LEF, and most variables measured in
the CTE showed evidence of resistance or
resilience. By identifying the causal factors
affecting secondary successional trajectories
of diverse taxa, biogeochemical attributes,
microclimatic characteristics, and measures
of ecosystem processes following hurricane
disturbance, we better understand tropical
forest dynamics resulting from past hurri-
canes and are better able to predict mech-
anisms of forest changes related to future
hurricanes.

Collaborating Institution: USDA, National
Wildlife Research Center, University of Califor-
nia, Berkeley, University of Utah

Related Publication: Forest Ecology and
Management (Volume 332, Pages 1-136, 15
November 2014), edited by Aaron B. Shiels
and Grizelle Gonzalez.

Institute Contact: Grizelle Gonzélez,
ggonzalez@fs.fed.us

Wolune 332, 15 Novembar 2014 IS5 03781127
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Post-hurricane canopy openings influence ecosystem processes in a tropical
rainforest

Intense hurricanes disturb many tropical forests, but the key processes driving post-hurri-
cane forest changes are not fully understood. In Puerto Rico, our Institute scientists collabo-
rated with researchers from the Luquillo Long-Term Ecological Research Program to simulate
hurricane effects in the Luquillo Experimental Forest, and determine the mechanisms of for-
est change associated with canopy
openness (via loss of branches) and
organic matter (debris) addition. By
studying in isolation the individual
effects of storms, we were able to
observe how changes in microcli-
mate cascaded down through the
food web. An important conclusion
from this research is that short-term
responses of biota and ecosystem
processes to cyclonic storms ap-
pear to be largely driven by canopy
opening and the subsequent shifts
in light and moisture, with added
debris playing a relatively smaller
role through the supplement of

carbon and nutrients. This research
highlights the dynamic nature of tropical forest ecosystems, and helps inform predictions of
how plant, animal, and fungal species might respond to anticipated increases in the frequen-
cy of major hurricanes.

Arborist removing tree branches for the Canopy Trimming Experiment.

Collaborating Institutions: USDA Forest Service Center for Forest Mycology Research, For-
est Products Laboratory; USDA National Wildlife Research Center; University of Puerto Rico-
Rio Piedras

Related Publications: Shiels A., Gonzalez G., Lodge, D.J., Willig, M.R., and Zimmerman, J.K.
2015. Cascading effects of canopy opening and debris deposition from a large-scale hur-
ricane experiment in a tropical rainforest. Bioscience 65 (9): 871-881. doi:10.1093/biosci/
biv111

Institute Contact: Grizelle Gonzédlez, ggonzalez@fs.fed.us
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Soil carbon and other biogeochemical properties in the Canopy Trimming
Experiment

In order to determine the long term effects of canopy trim-
ming and debris deposition on soil carbon and nutrients,
and identify the depth to which these disturbances can be
detected, we measured soil carbon and other biogeochem-
ical properties in depth profiles of the Canopy Trimming
Experiment. Results showed a strong depth dependence of
soil moisture and pH, with higher water content and acidity
in the topsoil (> 40 cm), where biological activity is concen-
trated. After a decade of recovery, we measured significant-
ly higher soil carbon and nitrogen content within the top
20 cm. Soil phosphorus—mainly bicarbonate-extractable
organic phosphorus—also responded positively to debris
deposition, with significantly higher values in the top 30
cm. Concentrations of reactive iron (Fe) species, including
citrate-ascorbate and HCl extractable Fe, showed marked
decreases with depth, and no apparent treatment effects.
Finally, preliminary results from soil carbon fractionation
suggest that debris deposition increased the free light frac-
tion in the top 10 cm over 10 years.

¢

M.M. Rivera-Costa

A soil profile in the Luquillo Experimental
Forest.

Considering all four treatments, debris deposition without canopy trimming caused the
largest changes in soil carbon and nutrients over the 10 year period, with disturbance effects
being detectable down to ~30 cm depth (for soil organic phosphorus). Interestingly, the
effects of debris deposition combined with canopy trimming (i.e., hurricane simulation), did
not lead to large changes in soil carbon and nutrients, highlighting the longer-term resist-
ance and resilience of soil biogeochemistry to hurricane-associated disturbances in this wet
tropical forest. Large pulses of organic matter deposited during hurricanes appear to sub-
sidize the forest floor but are coupled with rapid and efficient decomposition leading to no
detectable changes in C and P stocks over time.

Collaborating Institution: University of California, Berkeley
Related Publication: Silver, W. L., S. J. Hall, and G. Gonzéalez. 2014. Differential effects of can-
opy trimming and litter deposition on litterfall and nutrient dynamics in a wet subtropical

forest. Forest Ecology and Management 332: 47-55.

Contact: Whendee Silver, wsilver@berkeley.edu




Soil properties across a replicated catena in a subtropical wet forest

The objective of this study is to determine the spatial and R HETIEAL o] e e
temporal dynamics and drivers of soil oxygen (O,) availa- .- YA ™

bility and redox-sensitive biogeochemical processes us-
ing easily measured and modeled parameters. The study
is designed to capture the biogeochemical response to
extreme climate events, such as the drought that occurred
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Soil oxygen (%)

in the Luquillo Experiment Forest in 2015. We are using :
automated soil O, sensors coupled with measurements of )
soil chemical and physical properties, climate, and green- Valley
house gas concentrations and fluxes. These results will be L W 77 20 Gt
used to derive quantitative relationships linking climate 2018 Day of Study 2015

and soil physical properties to redox-sensitive biogeo-
chemical processes in tropical forests, and better model
C and nutrient cycling and greenhouse gas fluxes in
Earth system models, such as the Community Land Mod-
el (CLM) module of the Community Earth System Model
(CESM). Preliminary results showed that average soil O,
concentrations, volumetric soil water content, pH, and
greenhouse gas emissions such as CO, and CH, all vary,
often non-linearly, with topographic position along the
catena from ridge to valley. In response to the drought — .
conditions, there was a striking lag in the response of 01 Day of Study 2018
both soil moisture and O, in these soils. This suggests

a high degree of resilience to short-term drying, and a threshold-type behavior with more
severe drought. Drought increased soil aeration, which resulted in rapid iron oxidation and a
dramatic decline in pH in lower topographic zones, which can feed back on nutrient cycling
and net primary productivity in humid tropical forests. In summary, drought resulted in dra-
matic changes in redox-sensitive biogeochemistry with potential cascading effects. Current
research is exploring more detailed drought effects using controlled experiments.

Volumetric moisture (%)

Collaborating Institution: University of California, Berkeley
Related Publication: Liptzin, D. and W. L. Silver. 2015. Spatial patterns in oxygen and re-
dox sensitive biogeochemistry in tropical forest soils. Ecosphere 6(11):211. http://dx.doi.

org/10.1890/ES14-00309.1

Contact: Whendee Silver, wsilver@berkeley.edu
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Assessment of a stream reach that combines open channelization with built-up, impermeable (gray) riparian areas and canopy
forming vegetation (green) riparian with permeable surfaces.
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Watershed Analysis

Characterization of a tropical, urban
stream network in a sub-watershed of
the Rio Piedras

In many instances urban streams are flow-
ing along roads, parks and through cities
while being invisible and highly modified to
many people. One such case is the Quebrada
Dona Ana, within the Rio Piedras Watershed
(RPWS) system, a major component of the
San Juan Bay Estuary hydrological system.
The headwaters of the Dofia Ana are high-
ly modified and channelized, which is
representative of most urban streams in
the RPWS. To understand current stream
conditions and associated hydrological
dynamics within the urban landscape, a
first step is to develop a site-specific hy-
drological network layer. We generated a
stream network using historic and current
hydrological data from federal and state
agencies, and geo-referenced field data
to describe stream structural and physical
characteristics. The Dofa Ana stream net-
work had 81.4% of its stream length mod-
ified, including both channelized stream
sections that were open and those that
were buried. Buried stream sections are
those that flow underground and whose
water flow is not visible from the surface.
Most of the Dona Ana stream reaches are
currently pluvial drainages as evidenced
by historical aerial photographs. Only
18.6% of the stream segments were clas-
sified as unmodified. Riparian land cover
in most of the Dofna Ana watershed was

impermeable/gray cover, with less than half
classified as green infrastructure, including
both open and closed canopy areas. The next
phase of this project will further quantify
historical changes to the stream network and
riparian cover in light of current soil classifi-
cations.

Collaborating Institutions: San Juan Bay
Estuary Program; Fundacion Puertorriquena
de Conservacion

Institute Contact: Tamara Heartsill-Scalley,
theartsill@fs.fed.us
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Analysis of the channelization of the
Rio Piedras

The United States Army Corps of Engineers
(COE) designed a Flood Control Project (FCP)
for the Rio Piedras Watershed in 1978, in
response to flooding in the San Juan Met-
ropolitan Area that was causing significant
losses in property and urban infrastructure.
The COE developed a plan to construct con-
crete channels, improve natural channels,
construct retaining basins upstream, replace
bridges, mitigate loss of mangrove area, and
provide for improved recreation in the water-
shed, to protect the watershed against the
100-year flood event. In 1984, the COE esti-
mated about 6 years of construction at a cost
of $253.5 million with a positive benefit to
cost ratio of 2.6. By 1991, the FCP was modi-
fied, eliminating still basins and adding high
velocity channels upstream to maximize wa-
ter discharge during intense rainfall events,
with increased cost total of $303.5 million
and proposed construction time of 11 years.
Several alternative flood control measures
were discarded during the planning process
due to high cost. After completion, the Flood
Control Project has a life expectancy of 50
years, and will allow residual flooding to oc-
cur in places to a depth of 2 meters, causing
estimated damages of 1.2 million dollars to
infrastructure in the watershed. Today, thir-
ty years after the original survey report was
published, FCP expenditures have reached
about a billion dollars and flood control
construction is in progress at the lower tidal
reaches of the river without any indication as
to when the Project will move upstream.

We analyzed a series of reports, documents,
data, and arguments prepared by the COE
regarding the channelization of the Rio Pie-
dras in order to 1) summarize the contents
of those supporting materials; 2) evaluate
the accuracy of predictions and assumptions
used to justify the channelization; and 3)

to make a case for the need to reassess the
flooding problems in the San Juan Metro-
politan Area, in the context of the evolving
social and ecological conditions in the city.
We uncovered many assumptions that the
COE had to make during the planning of the
Flood Control Project, but which turned out
not to be correct over the long-term. The in-
validation of these assumptions raises ques-
tions about the hydrological and economic
feasibility as well as the effectiveness of the
proposed Flood Control Project. Our intent
was not to propose specific solutions to the
problem of flood control in the city, but rath-
er to emphasize the need for a total reassess-
ment of flooding and flood control in the Rio
Piedras Watershed. Until the current course
of channelization is thoroughly reviewed,
other viable alternatives cannot be debated
and vetted for their efficacy.

Collaborating Institution: University of
Puerto Rico, Rio Piedras

Related Publication: Lugo, A.E., Nytch, C.J.,,
and Ramsey, M. 2013. An analysis of US Army
Corps of Engineers documents supporting
the channelization of the Rio Piedras, Acta
Cientifica 27(1-3): 4-72.

Institute Contact: Ariel E. Lugo,
alugo@fs.fed.us
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U.S. Army Corps of Engineers

Flood control channel at the lower reaches of the Rio Piedras Watershed.



Inventory and Monitoring

When data are too good: redefining
tropical forest gaps using airborne
laser scanning data

In the early 1980s, gap formation and regen-
eration in gaps were thought to hold the key
to understanding tropical forest diversity
resulting from “intermediate disturbance.”
Gaps were exciting places to study rapidly
changing biogeochemical processes and an
accessible location for doing plant physiolog-
ical studies. Everyone was studying gaps but
not everyone agreed on how to define a gap.
Brokaw (1982) presented a practical defini-
tion that seemed to solve the problem.”“A
gap is a hole in the forest extending through
all levels down to an average height of two
m[eters] above the ground.” This definition
has been debated, but it has been fantasti-
cally successful. Brokaw did his work walking
around on the forest floor.

Looking at forests from an aircraft carrying a
laser scanner gives a three dimensional pic-
ture of forest structure. The shorthand name
for the method is LiDAR, standing for light
detection and ranging. LiDAR provides stun-
ning details of forest structure, but it makes
gap detection more complicated. When we
applied Brokaw’s definition to LiDAR data we
found that forest turnover times were unrea-
sonably long — thousands of years (Hunter
et al. 2015). How could that be? It turns out
that the data were too good, and reflections
off fine-scale forest material in gaps turned
them into non-gaps by the Brokaw defi-

nition. The field observer ignores many of
the vegetative features that appear in gaps
above two meters (stray vines, fallen cano-
pies, tall saplings), while the LiDAR detects
them reliably.

In order to understand gaps with LiDAR
technology, we had to redefine them with a
method that ignores the haphazardly placed
objects. Through an optimization process
based upon forest growth statistics, we
found that for two forests in the Amazon, the
height cut off for gaps ought to be 10 me-
ters and the minimum area a minimum of 10
meters squared, to make gap detection bio-
logically reasonable. Now that we know how
to detect gaps using LiDAR, we are studying
a wide range of intact and managed Ama-
zon forests (over 16,000 ha in our archives)
to understand gap creation rates and forest
dynamics.

Institute Contact: Michael Keller,
mkeller.co2@gmail.com
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Quantifying green areas in San Juan
using high-resolution imagery

The value of green infrastructure for manage-
ment and provision of ecosystem services in
cities is gaining importance in urban plan-
ning and ecological research. Detailed infor-
mation about urban vegetation is crucial to
efforts to manage green infrastructure, and
high-resolution imagery can provide detailed
observations of urban areas. However, most
knowledge and remote sensing applications
on green infrastructure in cities comes from
temperate zones. This can be a problem in
places like the tropics, where urban areas are
expanding rapidly, and with little or no infor-
mation to support sustainable growth efforts.
Our study used high-resolution (0.3 m) im-
agery to quantify the vegetation of the city
of San Juan and surrounding municipalities.
We found that 61% of San Juan is green,

cture at La Sierra neig

Detail of the green infrastru

Year 2002 - processed at 4 meters spatial resolution
using pixel to pixel image classification techniques.

hborho_od in San

Year 2010 - processed at 0.3 meters spatial resolution
using Object Oriented Image Analysis.

and that some neighborhoods are greener
than previously thought. In addition, spatial
pattern analysis allowed us to classify urban
vegetation into residential vs. non-residen-
tial vegetation, which is important for urban
planning. Further, our study showed that very
small pixels (< 1-2 m) are ideally needed for
quantifying and mapping urban vegetation
in places such as San Juan. Overall, our study
highlights the value of high-resolution data
for assessing vegetation in tropical cities, and
provides novel geospatial on urban vegeta-
tion to support city planning and scientific
research

Collaborating Institutions: University of
Wisconsin, Madison

Contacts: Sebastidn Martinuzzi,
sebamartinuzzi@gmail.com;
Tischa Munoz-Erickson,
tamunozerickson@fs.fed.us

Juan, Puerto Rico.
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Synthesis on characterizing tropical
forests with multispectral imagery

Tropical forests have far more species diver-
sity than temperate or boreal forests, and
their role in Earth’s atmospheric greenhouse
gas budgets is large. Multispectral satellite
imagery, i.e., remotely sensed imagery with
discrete bands ranging from visible to short-
wave infrared wavelengths, is the timeliest
and most widely available imagery for inven-
tories of greenhouse gas sinks and sources
related to tropical forests. Such inventories
are conducted for the United Nations pro-
gram, REDD+, which will compensate devel-
oping countries for Reducing greenhouse
gas Emissions to the atmosphere from De-
forestation or Degradation, and for sustaina-
bly managing forests and their carbon stocks.
Together with collaborators we summarized
how multispectral imagery can help char-
acterize tropical forest attributes related to
forest carbon emissions, including forest
type, age, structure, and disturbance type or
intensity, and the storage, degradation and
accumulation of carbon in tree biomass. They
also reviewed how this imagery can reveal
feedbacks between tropical forest degrada-
tion and climate and how to cloud-screen

g ; A

and gap-fill imagery. They review how the
spectral information inherent to multiyear
image time series has high sensitivity to the
age, height or biomass of forests and how
the spectral and textural information in mul-
tispectral imagery of high spatial resolution
can be used to estimate tropical forest bio-
mass.

Collaborating Institutions: Remote Sensing
Centre, Brisbane, Australia; Agricultural Re-
search for Development, Montpellier, France;
Amazon Institute of People and the Environ-
ment, Belém, Brazil; Carnegie Institution for
Science, Stanford, California; US Geological
Survey, Flagstaff, Arizona.

Related Publication: Helmer, E., Goodwin,
N.R., Gond, V., Souza Jr, C.M., and Asner, G.P.
2015. Characterizing tropical forests with
multispectral imagery. Chapter 14. In: Prasad
S. Thenkabail, ed. Land Resources: Monitor-
ing, Modeling and Mapping. Remote Sensing
Handbook vol. 2. Boca Raton, FL: CRC Press,
Taylor & Francis Group. p. 367-396.
http://www.treesearch.fs.fed.us/pubs/49987

Institute Contact: Eileen Helmer,
ehelmer@fs.fed.us

Example of tropical forest landscape in Amazonia as seen in Landsat imagery.



Resource Management
and Governance

Conserving mangroves in the context
of the Anthropocene

As human activities have expanded across the
global landscape and changed the conditions
that affect the functioning of the biota, many
have come to describe a new geologic epoch
being referred to as the Anthropocene. As
conditions change, ecosystems are affected
in new and unforeseen ways. For mangroves,
this means coping with sea level rise, atmos-
pheric warming, changes in atmospheric gas
composition, changes in the frequency and
intensity of atmospheric events and in hy-
drological conditions, and loss of cover as a
result of urbanization, agriculture, and other
land use changes. Building on more than 40
years of mangrove research, we collaborated
with Venezuelan investigators to consider
mangrove ecophysiology and tree function-
ing, mangrove responses to global change,
and policies and institutions that affect man-
groves at local to global scales, to provide a
better understanding of the issues and op-
portunities for mangrove conservation in the
21st century. Findings suggest that mangrove
composition is changing with the movement
of mangrove species across continental bar-
riers as a result of human activity, and that
these trends will lead to novel mangrove for-
ests and in some cases expand the range of
mangroves worldwide. Preserving mangroves
in the Anthropocene will not be achieved by
isolating mangroves from people, but rather

by requlating interactions between man-
groves and humans through effective man-
agement based on sound science that goes
beyond the traditional scope of ecological
analyses to include the social forces converg-
ing on mangroves. Increased collaboration
between governments, non-governmental
organizations, and communities that depend
on mangroves for their livelihood will be crit-
ical for the conservation of mangroves in the
Anthropocene.

Collaborating Institution: Instituto Vene-
zolano de Investigaciones Cientificas, Caracas,
Venezuela

Related Publication: Lugo, A.E., Medina, E.,
and McGinley, K. 2014. Issues and challenges
of mangrove conservation in the Anthropo-
cene - Desafios de la conservacién del man-
gle en el Antropoceno. Madera y Bosques vol.
20, num. especial : 11-38.

Institute Contacts: Ariel E. Lugo,
alugo@fs.fed.us; Kathleen McGinley,
kmcginley@fs.fed.us
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Examining policies, laws,
institutions, and instruments gov-
erning forest conservation and sus-
tainable management

As part of our collaborative work on forest
governance, we analyzed forest policies,
laws, institutions, and instruments govern-
ing forest conservation and management
in the United States, as part of a broader
national process to measure, monitor, and
report on forest sustainability using the
Montreal Process Criteria and Indicators
for the Conservation and Sustainable Man-
agement of Forests. Specifically, we exam-
ined: (1) land tenure, (2) legislation, (3) law
enforcement, (4) taxation and incentives,
(5) cross-sectoral coordination, (6) partner-
ships, (7) public participation and conflict
resolution, (8) institutions and personnel,
(9) research, and (10) monitoring and re-
porting as they relate to forests and their
sustainability. We report on public laws
that govern public lands, which comprise
about one-third of the nation’s forests.
These laws dictate management and
public involvement through a broad range
of detailed processes and prescriptions.
Federal and state laws also protect wildlife
and endangered species on all public and
private lands, and range in their rigor of
voluntary to requisite practices for pro-
tecting water quality, air quality, and other
public goods. Federal and state laws also
provide for technical and financial assis-
tance, research, education, and planning
on private forest lands, but do not require
or prescribe specific actions or standards.

Many newer market based mechanisms,
including forest certification, wetland
banks, payments for environmental ser-
vices, and conservation easements are
used ever more frequently to implement
sustainable forest management (SFM)
across the country. And, there is increasing
development of cross-sectoral policies and
programs that link related policy networks,
purposes, and desired outcomes at all lev-
els. Critical partnerships affecting forests
are evolving around cross-boundary is-
sues, such as climate change, land use, and
water conservation. Yet, barriers persist in
addressing issues that cross ecological, so-
cial, political, legal, and other boundaries.
Also, forestry faces ongoing challenges
from other land uses, particularly in places
where incentives for SFM are low and pres-
sures for development and/or agriculture
are high.

Related Publications: McGinley, K., Cub-
bage, FW., 2015. Criterion 7: Legal, Institu-
tional, and Economic Framework. In: USDA
Forest Service, In Press, National Report on
Sustainable Forests — 2015. USDA Forest
Service, Washington, DC.

McGinley, K., Cubbage, FW., 2015. Policy,
Laws, Organizations, and Other Govern-
ance Arrangements Influencing Forests

in the US: A Baseline Assessment. In: Con-
gress Proceedings, XIV World Forestry
Congress, Durban, South Africa, 7-11 Sep-
tember 2015.

Institute Contact: Kathleen McGinley,
kmcginley@fs.fed.us
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CESUs - NPS Cooperative Ecosystems Studies Units Consortium

CFLRP - Collaborative Forest Land Restoration Progam LCCs - USFWS Landscape Conservation Cooperatives
Climate Hubs - USDA Regional Hubs for Risk Adaptation NIFC - National Interagency Fire Center

and Mitigation of Climate Change RISAs - NOAA Regional Integrated Sciences and Assess-
CSCs - USFWS Climate Science Centers ments

FIA - USFS Forest Inventory and Analysis US GCRP - US Global Change Research Program

HWI - EPA Healthy Watersheds Initiative UWEFP - Urban Waters Federal Partnership

IWRSS - Integrated Water Resources Sciences and Services

Select key cross-boundary partnerships and programs promoted by the US federal government that directly support sustainable
forests. Source: McGinley and Cubbage, In Press.



Understanding knowledge-action
networks for sustainability

In this study we explore how social networks
influence efforts to link knowledge and ac-
tion for sustainability. Social networks are
patterned social relations that link actors
together through various connections, such
as friendships, communication, information,
and in this case, knowledge. New institutional
arrangements are emerging that recognize
the complex, and sometimes networked,
interactions between knowledge and deci-
sion-making for environmental sustainability.
We refer to these arrangements as knowl-
edge-action networks. In the area of urban
sustainability, for instance, cities and national
entities are investing in efforts that facilitate
knowledge production, dissemination, and
use across multiple sectors by creating bound-
ary organizations to manage water and other
resources, long-term collaborative social-eco-
logical research sites (e.g., urban Long-Term
Ecological Research sites), and most recently,
sustainability research networks by the Nation-
al Science Foundation. We conducted a review
of the literature on social networks, govern-
ance, and knowledge production and found
three key challenges to understanding knowl-
edge-action networks: 1) defining boundaries;
2) characterizing power distributions; and, 3)
identifying obstacles to knowledge sharing
and connectivity. These knowledge network
properties may express themselves in differ-
ent network structures of knowledge flow. We
propose that concepts and tools from social
network theory are useful to understand bar-
riers and opportunities associated with how
information and knowledge flow among the
multiple actors and organizations involved

Conceptual illustration of the networked interactions between
ways of knowing and information exchange among actors
involved in sustainability decision-making and governance.
Circles represent different governance actors and the lines
between them represent exchanges of information and knowl-
edge among them. Examining opportunities for translating
knowledge to action requires investigating these challenges
(1) establishing network boundaries that capture actors with
relevant and diverse ways of knowing, (2) identifying whether
a single way of knowing occupies a position of privilege and
power over information, and (3) identifying the probability that
information sharing among multiple ways of knowing will en-
courage (or detract from) the effectiveness and efficiency of the
knowledge network (Mufioz-Erickson and Cutts, 2015).

in knowledge production and use for deci-
sion-making and action.

Collaborating Institution: University of Illi-
nois at Urbana-Champaign

Related Publication: Munoz-Erickson, T.A.
and B.B. Cutts. 2015. Structural dimensions of
knowledge-action networks for sustainability.
Current Opinion in Environmental Sustainabili-
ty 18: 56-64.

Institute Contact: Tischa Munoz-Erickson,
tamunozerickson@fs.fed.us




Scientists and municipal planners
collaborate in exploring green alter-
natives to flood control in the city

City planners of the Municipality of San Juan
are exploring more sustainable approaches to
manage the high incidence of flood events in
the city without having to rely on hard struc-
tural solutions (e.g., river channelization) that
may put communities and ecological values at
risk. In 2013, the Municipality received funding
from the Department of Natural Resources and
the Environment to develop a capacity build-
ing program for exploring green alternatives to
flood control in San Juan. Municipal planners
reached out to Institute scientists and other
collaborators under its San Juan Urban Long-
Term Research Area (ULTRA)

workshops and presenters can be found on
the projects website (http://www.lacuencadel-
riopiedras.com). A key outcome of this effort is
the formation of a civic alliance to bring to-
gether the various participants and stakehold-
ers that these workshops convened. Institute
and San Juan ULTRA scientists will continue to
support and work with the Municipality and
the alliance to explore sustainable pathways
towards flood resilience for the city.

Collaborating Institution: Municipality of San
Juan; University of Puerto Rico, Medical Scienc-
es; University of Puerto Rico, Rio Piedras

Institute Contact: Tischa Munoz-Erickson,
tamunozerickson@fs.fed.us

network to provide assistance
in the design of workshops
that explore and deliberate
different approaches to using
green areas alternatives as a
flood control measure. Four
different workshops have been
held so far that included nine
presentations from scientists
and professionals from back-
grounds in climate change,
hydrology, green infrastruc-
ture, landscape architecture,
and program development.

In addition to specific cases

in Puerto Rico, two cases, one
from the Kissimmee River in
Florida and the Jordan River

in Salt Lake City, were also
presented. More details on the
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Participants at a workshop hosted by the Municipality of San Juan at the Museo de Vida

Silvestre.
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Wildlife Ecology and
Biodiversity Conservation

Through the Institute’s Wildlife and Inter-
national Cooperation programs’ collabora-
tive scientific investigations, technological
advice and outreach to local governments,
universities, NGOs, and indigenous com-
munities, long-term research and the con-
servation and management of remaining
tropical submontane (cloud) forest is pro-
moted in Nicaragua’s Northern Highlands
Ecoregion, along with dry forest and wet-
lands ecosystems in southern Nicaragua'’s
Paso del Istmo Biological Corridor. What
follows are some key findings from several

ongoing projects.

Complex landscape matrices in
tropical America as biodiversity
strongholds

Forest management to promote biodi-
versity and ecological restoration in the
Neotropics is complex, especially in mon-
tane agroforestry landscapes currently
experiencing increasing pressure from the
effects of regional climate change. Often
bioindicator taxa are used to summarize
the effects of disturbance, describe ob-
served changes and help raise awareness of
the biological consequences, and to assist
in identifying conservation targets and to
guide adaptive and ameliorative meas-
ures. We used birds, nymphalid butterflies
and land snails as bioindicators of habitat
degradation and to track the effects of cli-

mate change in five montane agroforestry
management systems: cloud forest, ripar-
ian, early serial regeneration, pasture and
grasslands, and shade coffee, one of the
premiere cash crops in the region. Our stud-
ies were conducted in agroforestry lands

at three locations in the Jinotega Province,
two within the Datanli-El Diablo Natural
Reserve at the Juan Roberto Zarruk Biolog-
ical Station, Finca Santa Maura, within the
Cerro Datanli-El Diablo Natural Reserve,

the Cerro EL Gobiado, and a disjunct cloud
forest within the El Jaguar Private Wildlife
Reserve. Of the 6,679 detections of 215

bird species, five forest-dependent spe-
cies (Golden-crowned Warbler, Black-faced
Antthrush, White-breasted Wood-Wren, and
Ochre-bellied Flycatcher) showed predict-
able population decreases as forest cover
diminished. Of the 49 butterfly species col-
lected (227 individuals), only one species,
Satyrotaygetis gigas, showed population
declines with ecosystem disturbance. Al-
though none of the 42 species of molluscs
(590 individuals) showed declines with
habitat deterioration, three species were re-
stricted to forest (Euglandina obtuse, Helici-
na oweniana, Helix trigonostoma). These bi-
oindicators will help fill gaps in assessment
issues of agroforestry ecosystems, natural
and private reserves, and areas of payment
for environmental services, all of which are
related to the preservation and sustainabili-
ty of the region’s natural resources.

Institute Contact: Wayne Arendt,
warendt@fs.fed.us




Long-term biomonitoring documents
the importance of agroscapes in
measuring biodiversity at local and
landscape levels

Nicaragua biodiversity monitoring and training.

Our biodiversity and climate change research
was carried out along the Pacific Slope Ecore-
gion within the Paso del Istmo Biological
Corridor (PIBC) in southeastern Nicaragua,
and at the Juan Roberto Zarruk Biological
Station, Finca Santa Maura, within the Cerro
Datanli-El Diablo Natural Reserve in Nicara-
gua’s Northern Highlands Ecoregion. Of the
168 species of birds detected in the PIBC,

the significant correlation between habitat
type and forest-interior birds, as well as oth-
er bioindicator species of forest health and
sustainability, underlined the importance of
the preservation and management of ma-
ture forest remnants with ample understory,
younger wooded tracts and brushy areas
under regeneration to preserve and promote
biodiversity among similar agroscapes with-
in the Paso del Istmo. Of the 123 species of
birds and 29 species of nymphalid butterflies

detected among five habitat types in the
Northern Highlands, i.e., secondary and ri-
parian forest, forest fallow, coffee plantation,
and pastureland with scattered trees, coffee
plantations had the highest avian species
richness, whereas forest fallows harbored
the most species of nymphalid butterflies.
Among the most common species observed
(within both taxa), many were forest-depend-
ent, further demonstrating that anthropic
landscapes are vital in maintaining a rich
biodiversity. Within the interior of the coffee
plantations, which are interspersed within a
complex matrix of remnant forest, we found
forest-interior and bioindicator species of
birds and butterflies. This supports the ar-
gument that agroecological practices and
resultant agroscapes, concomitant with the
preservation of forest remnants, have a pos-
itive effect at the local landscape level and
are an integral piece of the major ecosystem
mosaic generally used to measure biodiversi-
ty at local and landscape levels.

Related Publications: Herrera-Rosales, H.M.,
Térrez, M., Arendt, W.J. 2014. Registros del
Cuco Hormiguero (Neomorphus geoffroyi)
en la Reserva de Bidsfera de Bosawas, Nica-
ragua. Zeledonia 18: 55-61; www.treesearch.
fs.fed.us/pubs/48942

Maes, J.M., Térrez, M.A., Covlin, V., and Van
den Berghe, E. 2014. Memphis philumena
(Lepidoptera: Nymphalidae), nuevo para la
fauna de Nicaragua. Revista Nicaraguiense de
Entomologia, 7 pp.

Institute Contact: Wayne Arendt,
warendt@fs.fed.us




Pilot assessment of mercury exposure
in selected biota from the lowlands of
Nicaragua

Lacustrine and wetlands populations of ver-
tebrates inhabiting the Neotropics, includ-
ing humans, piscivorous and insectivorous
birds, as well as ground-foraging invertivores
such as basilisk and Ameiva lizards, exhibited
elevated levels of methylmercury (MeHg) in
blood, hair, or feathers (as high as 0.72 ppm)
as a result of methylation, biomagnification
upwards through the food chain, and bioac-
cumulation as residuals in their tissues and
circulatory systems. Feather MeHg concen-
trations exceeded >3.0 ppm in several spe-
cies of Nearctic-Neotropical migratory birds
sampled. Birds from a riverine wetland near
agricultural cultivations east of Cardenas (rio
Tiruri) on Lake Nicaragua had the highest
MeHg concentrations of all the invertivores
sampled at all sites. The two sites with low-
est MeHg concentrations were the Pacific
coast sites (a riverine wetland and mangrove
forest). Whereas the low levels of the MeHg
contaminant in the Pacific coast wetlands are

encouraging from both environmental and
health risk standpoints, the elevated levels of
MeHg found in the human population, pis-
civorous and ground-foraging birds and rep-
tiles inhabiting the wetlands bordering Lake
Nicaragua is particularly troublesome, owing
to the increased threat to human health

and development as well as the heightened
probability of affecting local and regional
biodiversity resulting from poor reproduc-
tive performance of resident and migratory
birds. Additional research is planned and the
authors are working closely with the Nicara-
guan Government’s Department of Natural
Resources in drawing up plans to assess and
reduce the accumulation of MeHg in the
environment.

Related Publication: Lane, O., Arendt, W.J,,
Térrez, M., and Cruz Gamez Castellén, J. 2013.
Pilot assessment of mercury exposure in se-
lected biota from the lowlands of Nicaragua.
Mesoamericana 17: 19-28.

Institute Contact: Wayne Arendt,
warendt@fs.fed.us

Sampling for mercury poisoning.



Long-term research on the dry forest
avian community in the Gudnica
Biosphere Reserve

Declared in 1919 under the administrative
authority of Puerto Rico’s Insular Forest
Service, the Guanica Commonwealth For-
est (also known as Gudnica State Forest,
or Bosque Estatal de Guanica) is located in
southwestern Puerto Rico about 160 km

(100 miles) and a 2-hour drive from San Juan.

The Guanica Commonwealth Forest was
renamed the Guanica Biosphere Reserve in
1981 when it was designated as part of UNE-
SCO’s (United Nations Educational, Scientific,
and Cultural Organization) program on Man
and the Biosphere (MAB). The Reserve covers
4400 ha along an elevational gradient of 0 to
228 m (752 feet) above sea level, comprising
diverse coastal habitats, including deciduous
and semi-evergreen forests, wetlands, sev-
eral mangrove cays, and 21 km (13 miles) of
undeveloped coastline and marine estuaries.
We began conducting research and monitor-

2014-2015 Institute Accomplishme

ing in the Guanica dry forest in 1973.To date,
185 species of birds, the reserve’s dominant
vertebrate taxon, have been recorded: 97
permanent residents or summer breeders
and visitors, and an almost equal number
(88) of “wintering” or passage migrants and
transients. Of Puerto Rico’s 17 species of en-
demic birds, all but 2, the Puerto Rican Parrot
and Elfin-woods Warbler, occur within the
confines of the Reserve. This guide will serve
as a baseline for tracking forest bird popu-
lation fluctuations concomitant with global
warming and the ever-changing climate.

Related Publications: Lane, O., Arendt, W.J,,
Arendt, W.J., Faaborg, J., Canals, M., and Bau-
er, J. 2015. Bird checklist, Guanica Biosphere
Reserve, Puerto Rico. Research Note SRS-23.
Asheville, NC: U.S. Department of Agriculture
Forest Service, Southern Research Station. 23

p.

Institute Contact: Wayne Arendt,
warendt@fs.fed.us




Plant functional attributes used to inform
conservation planning and management for

endangered bird habitat

As part of our collaborative research on the
habitat characteristics of the endangered
migrant Kirtland’s Warbler (Aves; Setophaga
kirtlandii) on its wintering grounds in The
Bahamas, we published our studies of two
fruiting plant species important to the
warbler (Fleming et al. 2015). The shrubs
black torch (Erithalis fruticosa, L.) and wild
sage (Lantana involucrata, L.) are especially
important in the diet of the warbler during
the dry season at the end of the winter.
These two shrubs occur in recently dis-
turbed sites. We sought to determine,
based on functional characteristics of the
plants, whether a particular type of distur-
bance in The Bahamas favors their pres-
ence. We used data from our field experi-
ments (i.e., seed broadcasting and shrub
cutting) to determine mechanisms and con-
ditions favoring establishment and persis-
tence (“vital attributes”) of the two shrubs
and categorized them into the plant func-
tional types as previously defined in the
literature. We then compared hypothesized
distributions of these plant functional types
among different anthropogenic disturbance
regimes to observed distributions of the two
shrubs to identify disturbance regimes most
likely to produce the warbler’s habitat.
Among the anthropogenic disturbances
examined, areas of large-scale land clearing
combined with subsequent goat grazing
most often supported the shrubs, which
were rare in burned areas.

Juvenile male Kirtland's Warbler in The Ba-
hamas (top), black torch (lower right), and
wild sage (lower left).

Both shrub species were functionally catego-
rized as widely dispersed, but largely shade
intolerant species capable of establishing

or regenerating after disturbance via both
seeds and vegetative mechanisms. Utiliz-

ing a plant functional type framework to
predict species occurrence among different
disturbances regimes and evaluating those
predictions with field data provides a strong
theoretical basis for conservation strategies.
Understanding which regimes of disturbance
favor a habitat of concern can aid the prioriti-
zation of areas for protection or the design of
habitat management protocols for the war-
bler and other species.

Institute Contact: Joseph Wunderle,
jwunderlejrfs.fed.us




Avian conservation planning priorities
for Puerto Rico and the U.S. Virgin
Islands

Institute scientists involved in the Caribbean
Landscape Conservation Cooperative col-
laborated with research and management
partners to produce a report that highlights
conservation planning priorities for birds
throughout Puerto Rico and the U.S. Virgin
Islands. The report synthesizes dozens of
previous research, planning, and manage-
ment efforts spanning
multiple taxonomic
groups and spatial scales
to provide an up-to-date
summary of the regional
avifauana, anthropogenic
and non-anthropogenic
threats, as well as oppor-
tunities and strategies for
protecting individual spe-
cies, community groups,
and habitat throughout the study area. An
important goal was to showcase important
breeding and migratory birds, their conser-
vation status, and habitat needs. While this
document is not itself a comprehensive plan,
the conclusions within are aimed at guiding
island-wide and regional avian conservation
planning and management actions that will
help maintain or increase populations over
the next 20-25 years. Specific population
objectives for 144 species were determined
using the Partners in Flight prioritization
process. Analysis of species distribution and
stewardship management data from the Gap
Analysis Project were integrated with exist-
ing literature to identify priority areas and

establish quantitative habitat targets. Rec-
ommended actions include protecting rare
and critical habitats, building upon protected
areas to create convergent habitat linkages
among jurisdictions and across public and
private lands, and increasing monitoring of
population trends of vulnerable species and
responses to interspecies interactions, hab-
itat loss, and climate change effects. These
actions can be supported via a suite of strat-
egies including expanding private lands and
public engagement/monitoring programs,
developing multi-level governance partner-
ships to integrate bird
conservation with natural
resource management
and land use planning
programs, fostering of
increased coordination
among various conser-
vation-oriented entities,
and improving outreach
communication of sci-
ence-based information to help in the con-
servation of avian species and habitats.

Collaborating Institutions: University of
Puerto Rico-Rio Piedras, U.S. Fish and Wildlife
Service, and the Atlantic Coast Joint Venture.

Related Publication: Nytch, C. J., Hunter, W.
C., Nunez-Garcia, F, Fury, C., Quifones, M., &
Collazo, J. (February, 2015). Avian conserva-
tion planning priorities for Puerto Rico and
the U.S. Virgin Islands (BCR 69). http://acjv.
org/documents/PRUSVI_plan.pdf

Institute Contact: William Gould,
wgould@fs.fed.us
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International Cooperation

Program Manager: Gerald Bauer, gbauer@fs.fed.us

International Cooperation conducts research and provides technical assistance and
technology transfer throughout Central America and the Caribbean. Our primary
focus areas for the past two years have been the Dominican Republic and Nicara-
gua. Additionally, we have cooperated with partners in more than 20 countries

around the globe.

Global Activities

International Cooperation participated in the U.S. Forest Service-USAID Disaster Assis-
tance Support Program (DASP). This involved completing training to qualify in disas-
ter response management, planning, operations, preparedness and prevention.
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International Cooperation staff: Yaneris M. Soto Muiiz, Communications Intern; Mara C. Santana, Communications/Social
Marketing Intern; Yanira L. Cortés, Support Service Specialist; Gerald Bauer, Program Manager.
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Regiona| Activities « Mercurio en Aves Residentes y Migratori-

Several International Cooperation activities
were carried out at the regional level, includ-

os Neotropicales en Nicaragua, Seleccion
de las Especies Indicadores. Oksana Lane,
Wayne Arendt, y Marvin Torrez.

ing the following:

Scientific Paper Presentations

Workshops and Working Groups
+ Participated in and gave technical pres-

Poster Presentations

entations at regional USAID climate

Integrando la investigacion y educacion _
change meetings and workshops.

ambiental para con-
servar las especies
emblematicas (Am-
azona auropalliata),
Paso del Istmo, Nica-
ragua. Julio Marténez
Velasquez, Martin
Lezama Lopez, y Kim-
berly Williams.

Aves de Paso del
Istmo, Rivas, Nicara-
gua, con énfasis en
especies indicadores
dependientes de bos-
que. Marlon Sotelo
Reyes, Marvin Torrez
Gutiérrez, y Wayne
Arendt.

Evaluacion de talleres ecoldgicos y
aprovechamiento de plantas en entoros
urbanos, Valle Central de Costa Rica.
Katherine Ulate Gomez, Alberto Rico U.y
Sofia Pefiaranda Oses.

Conservation education in Nicaragua. .~~~

 Participated in Partners in Flight and
Rocky Mountain Bird Observatory inter-
national working group on bird conser-
vation to evaluate status of all birds in
Central America. The Institute provided
information based on 20 years of re-
search in Nicaragua.

 Participated in Partners in Flight Western
Working Group seminar sessions.

+ Provided assistance to the Mesoamerican
Society for Biology and Conservation.

La Red de Monitoreo Terra: Entender la
Contaminacion de Mercuro en Ecosiste-
mas Terrestres. David C. Evers, David G.
Buck, Oksana Lane, Wayne Arendt, et. al.



Nicaragua Activities

International Cooperation continued with
our long-term research, technical assistance
and technology transfer to Nicaragua, with
focus on the Paso del Istmus Biological Corri-
dor with our NGO partner Paso Pacifico
(www.pasopacifico).

=
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Nicaraguan Junior Ranger pargot telemetry.

Research Support

For highlights of the Nicaragua research
activities supported by IC, see the Wildlife
Ecology section of this report and projects
related to biodiversity monitoring and the
effects of climate change.

Technology Transfer and Technical Assistance

More than 2,000 persons participated in IC
technology transfer and technical assistance
activities.

Highlights include the following:

Sponsored technical seminar on bird
conservation and conservation educa-
tion.

Organized technical seminar and guide
training for the first Nicaragua Bird Fes-
tival

Conducted workshops and conservation
education activities and long-term mon-
itoring on mammals (bats and mon-
keys), birds, and reptiles (sea turtles).
Trained more than 50 local youth on
monitoring techniques.

Trained 250 Hispanic “Junior Rangers”
from underserved, small communities in
conservation techniques.

Provided 150 pairs of binoculars to local
youth.

Presented conservation programs on lo-
cal TV and radio stations, with more than
100,000 viewing.

In coordination with the National Tour-
ism Chamber of Commerce and the
communities of Pearl Lagoon, complet-
ed the book “Pearls from the Lagoon,
short stories & recipes.”

Institute partner NGO Paso Pacifico de-
veloped a variety of curriculum around
bat, jaguar, and bird education for over
200 K-12 children in four communities in
the Paso del Istmo. Students participat-
ed in workshops to learn wildlife iden-
tification and monitoring techniques
and take field trips to observe wildlife in
their habitat, learning the importance
of these animals to the ecosystem and
to respect them in their native environ-
ments.


http://www.pasopacifico

)

Watershed mapping — / /\ A
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Dominican Republic Activities

5

M. b olkas

Nicaraguan community wildlife education.

International Cooperation provided lead-
ership, mentorship and research, technical
assistance and technology transfer to Domin-
ican Republic partners in biodiversity conser-
vation and sustainable tourism activities in
local, underserved and disadvantaged, His-
panic communities, and tourism clusters in
coordination with the Dominican Consortium
for Tourism Development. We completed the
Sustainable Tourism and Biodiversity Con-
servation project and started a new project,
“Conservation and Sustainable Management
of Urban Watersheds as Mechanisms for Ad-
aptation to Climate Change’’

Our primary focus was to assist Dominican
Republic tourism clusters with biodiversity
conservation and sustainable tourism devel-
opment through on-the-ground technical as-
sistance and training programs that included:

« Conducting biological assessments for
project activities;
« Providing technical training for commu-

nities to develop ecotourism activities;

« Providing promotion and marketing
assistance;

« Providing information to support envi-
ronmental education; and

« Providing technical support to the Minis-
try of Environment in support of protect-
ed area management.

Activities Accomplished

« In coordination with local partners,
completed and inaugurated the first
accessible trail in the Dominican Re-
public. This trail is located in the Na-
tional Botanical Garden. It was inau-
gurated by the U.S. Ambassador and
USAID Director.

« Assisted the U.S. Embassy Speaker
Program by hosting Terestella Gonza-
lez-Denton, former President of the
Puerto Rico Tourism Board, to give
presentations in Dominican Republic
universities and local communities on
community tourism development. A
total of about 150 persons participated
in these events.

« In coordination with the Technological
University of Santo Domingo, gave the
invited presentation “Social-ecological
systems change, vulnerability, and the
future of a tropical city” at the “Confer-
encia Cientifica Internacional, Sostenib-
ilidad y Cambio Climatico, SYCC14.

« Presented programs on sustainable
tourism development in Dominican
Republic on local TV and radio stations,
with more than 50,000 individuals
viewing these presentations.
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Puerto Rico Activities

International Cooperation accomplishments in Puerto Rico include:

Completed the book “Passing the Baton,”in honor of the Institute’s 75th anniversary

celebration. A public event was held with more than 100 persons present to inaugurate
the book.

In cooperation with the University of Puerto Rico, received a research grant under the
Partnerships for Enhanced Engagement in Research (PEER) Program, for “Exploring Sus-
tainable Solutions Aiming at Redressing Environmental Disasters in Haiti.’

USDA
=]

United States Department of Agriculture

PASSING THE BATON
FROM THE TAINOS
TO TOMORROW

Forest Conservation in Puerto Rico

ST Sy
aUYAS Forest Service International Institute of Tropical Forestry FS-862 April 2014
ST OF AGECE 7
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State and Private Forestry

Acting Program Manager: Magaly Figueroa, mafigueroa@fs.fed.us

State and Private Forestry provides professional, technical, and financial assis-
tance to state agencies, universities, and non-profit organizations within Puer-
to Rico and the U.S. Virgin Islands (St. Thomas, St. Croix, and St. John). Through
targeted technical and financial assistance and conservation education, federal
resources are leveraged to protect and support sustainable management of the
islands’ forests and ecosystems to produce goods and services that are important
to many communities. This assistance is focused on cooperative forestry, forest
health, urban and community forestry, cooperative fire protection, and landown-
er and legacy assistance programs. Key issues addressed by this program include
rapid urbanization and residential development and its sprawl into natural are-
as, ecological restoration of natural and built-up areas, water quality (including
storm water runoff and natural area restoration), soil protection and watershed
management, sustainable urban forestry programs at the local level, damage of
reefs and over-fishing of key species, and sustainable tourism development in
small communities.

State and Private Forestry staff: Jorge Morales, Technical Information Specialist; Gisel Reyes, Technical Information Specialist; Kevin

Carlin, Forest Entomologist; Aixa Mojica, Program Support Assistant; Magaly Figueroa, Acting Program Manager and Natural Re-
sources Specialist; absent: Evelyn Pagén, Library Technician.

2014-2015 Institute Accomplish







Forest Stewardship Program

The Forest Stewardship Program continued
providing technical assistance to private
landowners in Puerto Rico and the U.S. Virgin
Islands for the development of management
plans that promote sustainable management
of forest resources. The program also pro-
vides educational opportunities related to
diverse conservation initiatives and practices.
Partner institutions for this program in-
clude the Puerto Rico Department

of Natural and Environmental
Resources Forest Service
Bureau, and the U.S. Virgin
Islands Department of
Agriculture for the im-
plementation of the pro-
gram.

The DNER Stewardship
Program in Puerto Rico fo-
cused on developing at least
two management plans by each
one of the seven regional offices
and concentrating efforts in the Important
Forest Resource Areas identified for Puerto
Rico. The agency also contracted Cafiesen-
cia, a nonprofit group, for the development
of management plans in the Maricao Joint
Priority Landscape. Moreover, the DNER part-
nered with the Tropical Agricultural Research
and Higher Education Institute in Costa

Rica (CATIE) to offer the course Diversified
Management of Tropical Forests, a five-day
training to strengthen the technical exper-
tise on management of private forests. The
course included agroforestry, forest products,

non-timber forest products, certifications,
and forestry and community management
models. The same group participated in a
workshop hosted by the Institute on the
use of the Stewardship Mapping and Ac-
complishment Reporting Tool (SMART), an
internet tool developed by the Forest Service
for the creation of Forest Stewardship Man-
agement Plans. In 2014, the Commonwealth
of Puerto Rico passed the Puerto Rico Model
Forest Act under the Commonwealth Law
Num. 182. It recognizes the eco-
logical value of the lands in-
cluded within, by declaring
it a new priority area for
planning, conservation,
and for the inclusion
of new non-industrial
private forest lands.

In the U.S. Virgin Islands,
the Department of Ag-
riculture Forest Steward-
ship Program continued
developing Forest Stewardship
Management Plans for private land-
owners, successfully using SMART. Those
plans are evaluated and approved by the
Forest Stewardship Coordinating Commit-
tee. Previously, the plans were prepared by
a private contractor hired by the U.S. Virgin
Islands Department of Agriculture. In Decem-
ber, 2015, the department hired a new Forest
Stewardship Coordinator, Louis Hilgemann,
who will also serve as the Forest Legacy Co-
ordinator.

Institute Contact: Magaly Figueroa,
mafigueroa@fs.fed.us




Forest Stewardship Program Accomplishments in Puerto Rico and the U.S.

Virgin Islands

Performance Measures

Puerto Rico

U.S. Virgin Islands

2014 2015

2014

2015

Non-Industrial Private Forests in
Important Forest Resource Areas
(acres)

1,182,964 | 1,182,964

44,508

44,508

New Forest Stewardship Management

Plans (number of plans)

Acres for New Forest Stewardship
Program Management Plans

Acres in Important Forest Resource
Areas

Acres Covered by Current Forest
Stewardship Plans

Acres in Important Forest Resource
Areas Covered by Current Forest
Stewardship Plans

Landowners Assisted

Landowners Educated

Acres Covered by Practice or Other
Forest Management Plans

Acres in Important Forest Resource
Areas Covered by Practice or Other
Forest Management Plans




Blue mahoe (Talipariti elatum) hardwood products
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Shade grown coffee farmers as bird
custodians

Cafiesencia, a community based nonprofit
group, received a grant from the Forest Service
to develop a project proposed to educate and
build capacity among farmers and communi-
ties and promote conversion to and mainte-
nance of shade grown coffee farms. The initia-
tive is called Cafeicanto, which provides social,
environmental, and economic opportunities to
communities and private landowners through
the implementation of agroforestry practices
in the Puerto Rico Coffee Zone. Nine impor-
tant watersheds originate in this zone, which
also includes the PRO0O5 Maricao/Susua Impor-
tant Bird Area (IBA), which provides habitat to
important neo-tropical migratory birds. The
project area was divided in four modules: Mar-
icao Module which includes Las Indieras and
Montoso wards, and San German municipality
upper wards; Yauco/Sabana Grande Module,
which includes Rancheras, Frailes, and Collores
wards in Yauco, and Tabonuco and Susua wards
in Sabana Grande; Rio Prieto/Castaner Module,
and Las Marias Module. Cafeicanto educated
and trained coffee farmers and communities

in agroforestry practices emphasizing shade
grown coffee techniques and promoting the
conversion of sun coffee to shade. Cafeicanto
also partnered with the Puerto Rico Ornithol-
ogy Society and Birdlife International to train
farmers in bird monitoring techniques, elec-
tronic reporting tools, and the identification of
eco-agrotourism opportunities. By the end of
the training those farms were incorporated in
the Birdlife/IBA Efforts Network, each one re-
ceived their certification, and a customized bird
guide to identify the birds in the properties.

ENDEMICAS

Aves en PROYECTO CAFEICANTO

Las Marias, Maricao, Sabana Grande, San German, Yauco, Puerto Rico
Aves identificadas por SOPI entre los meses de mayo a julio de 2014.
Con 13 endémicas para un total de 44.

Fotos de las aves cortesia de SOPI - AVESDEPUERTORICO.0RG, Pedro William Santana, Israel Guzman,
Javier Herndndez, José Coldn, Alcides Morales, Mike Morel
cafipr.org

BT
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©CCP Caliesencia 2014. Esta institucidn es un provesdor con jgualad de oportunidad
Esta publicacion s hecha posible gracias a una subvencion de USDA Forest Service,

Institute Contact: Magaly Figueroa,
mafigueroa@fs.fed.us
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Community Forest and Open
Space Program

The Rio Hondo community forest

The Puerto Rico Municipality of Mayaguez,
in partnership with the community based
nonprofit organization Proyecto Comunitar-
io Agro Eco Turistico del Barrio Rio Hondo,
Inc., (Estampas), received funding from the
Community Forest and Open Space Program
to acquire 67.99 acres of land located in the
Rio Hondo Ward. The property is the only
large block of continuous forest remaining
in the area and is surrounded by sub-urban
communities, rural subdivisions, and several
housing projects. Estampas has been leasing
the property for over nine years and wanted
to have the opportunity to acquire the land
but was having problems identifying funding
sources to complete the match required by
the program. They reached out to the Mun-
cipality of Mayaguiez Mayor José Guillermo
Rodriguez, who has supported the group
for many years, and who agreed to present
the proposal to the Forest Service. Once the
Municipality of Mayagliez signed the grant
with the Forest Service, Estampas began the
formal process that precedes the acquisition
of the land and identified the entity that

will assist in the preparation of the manage-
ment plan. The University of Puerto Rico in
Mayaguez, College of Agricultural Sciences,
is collaborating with the Municipality and
Estampas to develop the community forest
management plan. University professors
Germdan Ramos, Ph.D. and Oscar Abelleira,
Ph.D., are in charge of assisting the com-

munity to develop the management plan.
The first meeting with the community was
held on November 3, 2015. The meeting was
dedicated to presenting the Community
Forest and Open Space Program to the at-
tendees, discussing basic forest management
concepts, community empowerment, and
activities that are compatible with the pro-
gram specifications. Attendees also identified
activities they want to have on the property,
and the information which was collected by
Drs. Ramos and Abelleira. Dr. Abelleira for
inclusion in the management plan. A small
portion of the property is used to house the
Estampas’ operational headquarters, which
consist of a trailer used as an office and a
conference room for meetings and commu-
nity workshops. The group also established
tree green houses that produce plant mate-
rial and vegetables for sale for fundraising
purposes. The rest of the property (90%) is
forested and consists of post-abandonment
secondary forest. The forest regenerated
through natural processes after cessation

of previous agricultural practices associated
with sugar cane, coffee, and grazing. The for-
est is composed of trees of white acacia (Albi-
zia procera), guaraguao (Guarea trichiliodes),
fruit trees such as mango (Mangifera indica),
guama (Inga laurina), shrubs, and old coffee
trees (Coffea arabica). The forested portion of
the property is used for educational, cultural,
and recreational activities by the community,
academia, students from the Consuelo Pérez
Elementary School in Rio Hondo, AmeriCorps
volunteers, and many others.

Institute Contact: Magaly Figueroa,
mafigueroa@fs.fed.us
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Urban and Community Forestry
Program

The goal of the Urban and Community For-
estry (UCF) Program is to promote the con-
servation of our urban trees and forests. Each
year, community members and volunteers

b

participate in the development of urban
forest management plans, tree planting
activities, workshops and educational talks,
and activities with kids. The UCF Cost Share
Program provides financial resources to
community groups for the implementation
of conservation and management initiatives
and educational opportunities related to ur-
ban green spaces. In Puerto Rico the program
is administered by the Department of Natural
and Environmental Resources Forest Service
Bureau, and in the U.S. Virgin Islands by the
Department of Agriculture. Each agency has
appointed an Urban and Community Forestry

Pruning training to municipal emergency management officials.

Coordinator that works with local urban and
community forestry partners. The Urban and
Community Forestry Council advises State
Foresters to plan program implementation,
develop public policy for the protection and
conservation of urban forests, and administer
the Cost Share Program.

The Puerto Rico DNER
Forest Service Bureau
continued efforts pro-
moting urban commu-
nity forestry and mak-
ing available financial
assistance to the com-
munity groups in Puer-
to Rico. To encourage
community participa-
tion, the DNER and the
Puerto Rico UCF Coun-
cil updated their Guide
for the Preparation of
Proposals for the Urban
and Community Forest-
ry Cost Share Program,
and offered a series of workshops in different
parts of the island to train those groups in the
use of the guide and answer questions relat-
ed to the UCF Program authorities.

To improve technical expertise in urban
forestry, the DNER offered five workshops on
“Green Infrastructure” to forest technicians,
management officials, and other technical
personnel from the Forest Service Bureau
working on the Urban and Community For-
estry Program.



In the U.S. Virgin Islands, the
Department of Agriculture and
the UCF Council have been very
successful in the promotion of
the program and encouraging
the participation of community
groups in the Cost Share Pro-
gram. The Urban and Communi-
ty Forestry Program funds were
used to reforest and rehabilitate
urban parks, plant native trees,
install irrigation systems, and ed-
ucate the public at the Ag-Fair in
St. Croix and environmental fairs
hosted in St. John and St. Thomas.

The U.S. Virgin Islands Department of Agricul-
ture UCF council completed the final draft of
the Urban Forestry Law. This document was
presented to stakeholder audiences in both
St. Croix and St. Thomas, and modifications
were made as a result of those facilitated
meetings. The final draft law was presented
to Senator Myron Jackson for his support and
is now making its way through the legislative
committee. Senator Jackson hopes to present
it to the full Senate for approval during 2016.

In March 2015, the Puerto Rico and U.S. Virgin
Islands Urban and Community Forestry Coun-
cils completed the process of creating a new
Caribbean UCF Strategic Plan. The process
began in March 2014 when both UCF councils
met for a week in Ponce, Puerto Rico. This final
plan outlines the activities needed to comply
with the joint Strategic Plans. This is the first
time that the U.S. Virgin Islands and Puerto
Rico Urban and Community Forestry Councils

}._IT\

Caribbean Urban and Community Forestry Strategic Plan discussing session.

R4 a.l':‘f}.

worked together towards several common
goals, and it is hoped that in the future, these
councils can participate in joint activities to
achieve their common goals. As a result the
UCF Councils agreed on the following:

Our Common Vision Statement:

Our education efforts and strategic actions
ensure the enduring benefits and environ-
mental services of urban forests in the Car-
ibbean landscape, enhancing community
well-being and mitigating the effects of cli-
mate change.

Our Common Mission Statement:

Promote the proper management and sus-
tainability of urban forests to improve the
wellbeing of the Caribbean communities
through education efforts, technical assis-
tance, and partnerships between the public
and private sectors.

Institute Contact: Magaly Figueroa, ma-
figueroa@fs.fed.us




Urban and Community Forestry
Certificate Program

The Center for Sustainable Development
Studies of the School of Environmental Af-
fairs at the Metropolitan University partnered
with the International Institute of Tropical
Forestry Urban
and Community
Forestry Pro-
gram to develop
the first contin-
uing education
program leading
to a university

* DESPARRAME URBANO (SUBURBAMNO): jLa tierra se esta acabando!

certificate provides topics for all students,
from architects, horticulturists and landscape
design professionals, senior university stu-
dents, and community members. For more
information on the Urban and Community
Forestry Certificate Program please visit the
website http://cedes-umet.suagm.edu/,

Comple-
menting this
educational
initiative, the
Center pro-
duced three
urban forest-

professiona| ORI AR e e e

certificate in
Urban and Com-

* INFRAESTRUCTURA VERDE y forestacién urbana

INFRAESTRUCTURA VERDE

ry videos for
teachers and
students and
are available

munity Forestry.
The certificate

includes courses
that will provide

Existe un tipo de infraestructura que es mas importante que cualquier otra,
la infraestructura verde. Es la red de espacios verdes al aire libre y recursos
naturales que conectan nuestras comunidades y regiones a traves del paisaje.
Son los recursos naturales definidos de forma mas acertada, como la red
estructural natural sobre la cual reposa y de la cual se nutre la vida.

free of cost on
its website. To
access the vid-

the participants
with basic the-
oretical and
technical knowl-
edge to work in
the protection,
establishment,
and manage-

eos please vis-
it the follow-
ing address:
http://cedes-
umet.suagm.
edu/videos.
asp. The vide-
os are: Green

ment of trees
in urban areas,
business development, and community
participation agreements for the co-manage-
ment of forests and urban parks. The pro-
gram consists of seven core courses and 105
contact hours for a total of 132 contact hours
to complete the professional certificate. The

Infrastructure,
Trees for Ur-
ban Areas, and Maintenance of Urban Trees.
Each video has a fact sheet with activities for
the students and can be downloaded from
the site.

Institute Contact: Magaly Figueroa,
mafigueroa@fs.fed.us
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Urban and Community Forestry Program accomplishments in Puerto Rico

and the U.S. Virgin Islands

Urban and Community Forestry Pro-
gram Accomplishments

Puerto Rico

U.S.Virgin Is-
lands

2014

2015

2014

2015

Percentage of population living in communities
managing programs to plant, protect, and maintain their
urban and community trees and forests.

23.74%

23.24%

0.00%

0.00%

Percentage of population living in communities
eveloping programs and/or activities to plant, protect,
and maintain their urban and community trees and forests.

21.92%

10.94%

Number of people living in communities provided educa-
tional, technical, and/or financial assistance.

704,295

710,821

23,809

11,881

Number of people living in communities that are
developing programs/activities for their urban and com-
munity trees and forests.

6,526

Number of people living in communities managing their
urban and community trees and forests.

704,295

704,295

Number of communities with active urban and community
tree and forest management plans developed from pro-
fessionally-based resource assessments/inventories.

33

33

Number of communities that employ or retain through

written agreement the services of professional forestry
staff who have at least one of these credentials: (1) degree
in forestry or related field; (2) ISA certified arborist or equiv-
alent professional certification.

Number of communities that have adopted and can
present documentation of local/statewide ordinances or
policies that focus on planting, protecting, and maintain-
ing their urban and community trees and forests.

Number of communities with local advocacy/advisory
organizations, such as active tree boards, commissions, or
non-profit organizations that are formalized or chartered
to advise and/or advocate for the planting, protection, and
maintenance of urban and community trees and forests.

Number of hours of volunteer service logged (an agency
-wide consistent metholodogy to be developed to track
volunteer hours).

156,864




Educational Outreach

Project Learning Tree

The Institute partnered with the Puerto Rican
Department of Natural and Environmental
Resources (DNER) to sponsor the Project
Learning Tree (PLT) program for the first time
in Puerto Rico. Project Learning Tree is an
award-winning environmental education
program that is supported by a network of
over 500,000 trained educators across the
globe. By training teachers, educators and
community leaders to use the PLT curricu-
lum, this program integrates environmental
education and outdoor learning components
into all subject areas of the classroom. Using
the PLT materials, students are taught how
to think, not what to think, about complex
environmental issues. On July 23rd and 24th
2014, the Institute and the DNER offered a
Project Learning Tree facilitator training in
Spanish at the Botanical Garden Rio Piedras.
Senior Vice President of the PLT organization,
Kathy McGlauflin, was joined by other bi-lin-
gual educators previously trained in the PLT
curriculum to offer this workshop (a “train

the trainers” event). Educators and biologists
from the DNER, U.S. Forest Service, U.S. Fish
and Wildlife Service, and other local organi-
zations were among the first group of trained
facilitators to attend this event. After receiv-
ing this training, facilitators are qualified to
hold workshops across the island in order

to teach educators how to incorporate the
materials into their classroom.

Studies show that when environmental
education and outdoor learning compo-
nents are integrated into school programs,
students improve their mastery of science,
math, language and spelling, while simulta-
neously exhibiting enhanced cooperation
and conflict resolution skills and gaining in
self-esteem. The Institute is proud to show
its commitment to increasing environmental
literacy through science-based education by
sponsoring PLT for the very first time in the
Caribbean!

For more information about the program
and how to become a PLT educator in Puerto
Rico, please visit the Project Learning Tree
website: https://www.plt.org/.

Institute Contact: Magaly Figueroa,
mafigueroa@fs.fed.us

.......

Project Learning Tree workshop with teachers and natural resources specialists.
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Conservation and resource management education

Environmental Interpretation

In February, 2015, the National Association for Interpretation (NAI) Southeast Region
chapter celebrated its Annual Workshop in Humacao, Puerto Rico. The activity was
hosted by the Puerto Rico Department of Natural and Environmental Resources. The
workshop offered training on interpretation skills for communities, environmental
organizations, concessionaires and DNER staff. The workshop proceedings were pub-
lished and NAI recognized Puerto Rico as one of the jurisdictions with the highest num-
ber of certified interpreters.

Green Contact Program

The Puerto Rico Legislature approved the Green Contact Program Act, Law No. 36 of
March 2015. The Program will be administered by the Puerto Rico Department of Ed-
ucation and developed in coordination with the DNER. The program promoted the
participation of students in workshops and visits to areas of ecological value in order
promote their contact with nature. The Department of Education in collaboration with
the DNER designed a Circular Letter to implement this Law. Local Commonwealth and
federal agencies, NGO and private entities representatives were identified to create a
Green Contact Network.

Guide for Safer Trees in the Landscape

A publication funded by the U.S. Virgin Islands Urban and Community Forestry Pro-
gram, the University of the Virgin Islands, and the U.S. Forest Service’s Renewable Re-
sources Extension Act was printed and is available for distribution. The Guide for Safer
Trees in the Landscape, a 43-page handbook provides information on how to recognize
and manage hazardous tree conditions. The handbook is illustrated with photographs
of tree conditions that can be seen along roadways throughout the U.S. Virgin Islands
and includes symptoms of tree stress on the roots, trunks, and canopy, and other symp-
toms of unhealthy trees, such as cracks, advanced decay, and deadwood. It includes
sections on the value of trees in the environment, basic tools for tree management, and
how to hire an arborist. The handbook is intended to be used by U.S. Virgin Islands citi-
zens in their evaluation of their own trees for possible hazardous conditions. For more
information about this publication, please contact Marilyn Chakroff, U.S. Virgin Islands
Urban and Community Forestry Program Coordinator at (340) 778-0997 or via email
marilyn.chakroff@gmail.com.

Institute Contact: Magaly Figueroa, mafigueroa@fs.fed.us
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Student response to Forest Field Day actvities.

Forest Field Days at Estate Thomas

The Institute partnered with U.S. Virgin Is-
lands non-profit, St. Croix Environmental
Association to implement Forest Field Days,
an environmental education program for
fourth grade students that began in 2013.
The Field Days, funded by the Forest Ser-
vice’s More Kids in the Woods program,
took place at Estate Thomas Experimental
Forest, a Forest Service property on St. Croix
which was established in 1964. At each Field
Day event, fourth graders from around the
island rotated through a series of learning
stations in the forest to participate in activi-
ties related to tree biology, plant identifica-
tion, insect diversity, native and introduced
species, watershed function and climate
change. Each child also had the opportunity
to hike through the forest with a guide who
described the history of the Estate Thomas
and the native and introduced trees that
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are found there. Partner agencies who pre-
sented at the events included the National
Park Service, U.S. Virgin Islands Department
of Planning and Natural Resources East End
Marine Park, Univeristy of Virgin Islands Co-
operative Extension Service, St. Croix Hiking
Association, and several community volun-
teers.

At the end of the day, students gathered in
the forest pavilion to create an‘accordion
book’ that demonstrated what they learned
in the Forest. Each child chose one concept
to illustrate and write about on their page.
This proved to be a wonderful way to eval-
uate the effectiveness of each presentation
and to improve future activities.

Institute Contact: Magaly Figueroa,
mafigueroa@fs.fed.us




Forest Field Days hike.

K. Frerker




Cooperative Fire Program

The effect of El Nifo in the Caribbean result-
ed in warmer temperatures and reduced
rainfall across Puerto Rico and the U.S. Virgin
Islands. The National Weather Service re-
ported that 2015 was the third driest year on
record (1899-2015), registering only 74 cm
(29.12in) of rainfall to the end of October,
nearly 40 cm (16 in) below the normal year-
to-date total. As a consequence, wildland fire
incidence increased for both Puerto Rico and
the U.S. Virgin Islands. The Puerto Rico Fire
Department responded to 4,253 wildland
fires affecting 5,713 ha (14,116.5 acres) of
land. The U.S. Virgin Islands Fire Department
responded to 258 wildland fires that affected
900 ha (2,224 acres) of land.
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With Forest Service grant funds the Puerto
Rico Fire Department was able to equip 100
percent of their structural fire trucks locat-
ed on each Fire Station in Puerto Rico with
personal protective equipment and wildfire
equipment, making the response to wildland
fires safer and more efficient. The department
also acquired two bush cutters to be used
for initial attack operations and fuel reduc-
tion under mitigation efforts. Twelve training
sessions were conducted and 341 represent-
atives from the Puerto Rico Fire Department,
Department of Natural and Environmental
Resources, Emergency Management Office,
and community members participated.
During those trainings the agency offered
the courses Wildland Firefighter S-130, 5-190,
I-100, Mitigation Training for agriculture,
S-131 Firefighter Type 1, S-200 Initial Attack
Incident Commander Type 4, S-212 Wildland
Fire Chainsaw, and S-231 Engine Boss.




Wildland fire truck.

As part of the prevention efforts and to edu-
cate the pubilic, the Puerto Rico Fire Depart-
ment partnered with state, federal, municipal
governments and local communities on the
Puerto Rico Frente al Fuego campaign. The
initiative included a comic book for kids, a
music video, fire prevention songs, road signs
in areas of high wildland fire incidence, and
visits to schools and communities. The initia-
tive included trainings to private landowners
and communites on fuel reduction and miti-
gation techniques.

The U.S. Virgin Islands Fire Service is divided
into two districts: the St. Thomas/St. John/
Water Island district and the St. Croix dis-
trict. There are seven fire stations in the St.

Thomas/St. John/Water Island district and
four in the St. Croix district. Forest Service
grant funds were used to purchase firefight-
ing equipment and supplies, wildland fire
engines, specialized wildland fire training for
firefighters, and educational supplies that
were distributed to students during Preven-
tion Week. The Prevention Unit of the Fire
Service conducted education workshops,
and performed fire extinguisher training and
fire drills. During National Prevention Week,
this Unit conducted a series of activities that
reached over 30,000 students.

Institute Contact: Magaly Figueroa,

mafigueroa@fs.fed.us
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Fire weather services increase public
safety

Land and fire management agencies now
have access to information on the potential
for wildfires to start and environmental con-
ditions that put life and property at risk. Dur-
ing the past few years, the National Weather
Service (NWS) in San Juan has been working
in close collaboration with the Institute and
the U.S Fish and Wildlife Service Caribbean
Region to collect and analyze climatological
fire weather data for Puerto Rico and the U.S.
Virgin Islands. This information is the back-
bone of criteria now used by the NWS to is-
sue Fire Weather Watches, Red Flag Warnings
and Fire Danger Statements in coordination
with land and fire management agencies in
Puerto Rico and the U.S. Virgin Islands.

An advisory is issued based upon conditions
within a Fire Weather Zone, which is an area
with similar fuel type, topography and cli-
mate. Red Flag Warnings are issued for the
combination of fuels and weather conditions
that support extreme fire danger and/or fire

Red Flag press conference

2014-2015 Institute Accomphshments

behavior and today are often broadcast by
local television and radio stations. The Na-
tional Weather Service may issue Fire Danger
Statements for any zone, but within Puerto
Rico it will issue Red Flag Warnings only with-
in the Southern Coastal Plains and Mona Is-
land, the Southern Hills, the West Coast, and
Vieques, and in the U.S. Virgin Islands, Saint
Croix. The fine fuels found in these areas gain
and lose moisture more quickly than heavier
fuels found in other areas of the region, and
due to the drier climate and windiness typ-
ically burn more intensely than those in the
wetter coastal and and mountainous areas.
Islands in the Caribbean generally experience
two peaks in fire activity during the course of
a year, one in early March associated with the
winter/spring dry season and a second one
in early July associated with hot, dry air mass-
es originating from the Sahara desert and the
strengthening of the Caribbean low-level jet
stream. Most fires are human-induced and
may be intentional or accidental.

Institute Contact: Magaly Figueroa,
mafigueroa@fs.fed.us




Forest Legacy Program

The U.S. Virgin Islands Department of Ag-
riculture completed the acquisition of two
tracts of land located in St. Croix as part of
the Forest Service’s Forest Legacy Program.
These two purchases are the third and fourth
properties acquired for Forest Legacy in the
U.S. Virgin Islands, making a total of 86 ha
(213 acres) protected, and an investment of
$2,118,000 from the Forest Legacy Program.

On November
27,2013 the
U.S. Virgin Is-
land’s Depart-
ment of Agricul-
ture closed on a
14 ha (35 acres)
Forest Legacy
property, Plot
No. 3 Hamm'’s
Bluff, in the
northwest of St.
Croix. The plot is
adjacent to the government owned Hamm'’s
Bluff property currently used by the Virgin
Island’s National Guard. The forests in north-
west St. Croix once hid bands of maroons,
people who escaped from the injustice of
slavery. Hamm'’s Bluff is a steep cliff where
some people jumped to their death rather
than return to a harsh life as a slave. The tract
was acquired for $279,000. Twenty five per-
cent of that total was matched by $93,000

of value from a tract donated to the Trust for
Virgin Islands Lands, Inc. through The Nature
Conservancy.

.. :élb
Estate Northstar Legacy property.

On May 9, 2014 another tract was closed, a
41.3 ha (102.03 acres) Forest Legacy property,
plots No 1, 1A, and 5 Estate Northstar in the
north of St. Croix. The tract is a beautiful un-
disturbed forest that has been used by many
hiking enthusiasts from the U.S. Virgin Islands
and tourists, and is of cultural significance

as it was also historically used as a home

by maroons. The property was acquired for
$970,000 and a twenty five percent match of
$323,333 was provided by the value from the
tract donated
to the Trust

| forVirgin

74 Islands Lands,
{ Inc. through
The Nature
Conservancy.

ture hosted a
community celebration on June 20, 2014 to
announce the Forest Legacy Program acqui-
sitions. The activity was attended by commu-
nity members, government officials, partners,
and community groups. The department
continues promoting community participa-
tion and hosting facilitated sessions attended
by community groups and stakeholders to
identify what types of activities are adequate
for the Forest Legacy properties and should
be included in their land management plans.

Institute Contact: Magaly Figueroa,
mafigueroa@fs.fed.us




M. Figueroa

Marilyn Chakkroff, Virgin Islands Department of Agriculture Forest Legacy Coordinator, during Estate Northstar Forest Legacy
Celebration.
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Forest Health

Forest health monitoring program

Training and orientation to the scope and
goals of forest health monitoring in eight
Puerto Rico Commonwealth forests was
completed. The Department of Natural and
Environmental Resources forest health co-
ordinator, a contracted biologist, as well

as the University of Puerto Rico-Mayagliez
(UPRM) project leader were trained in basic
forest measurements, establishment and
data recording of fixed monitoring plots,
and vista point evaluation of forest condi-
tions. A shared database for plot informa-
tion and image collection was also created.
A smartphone-compatible GPS application
was used for data collection and retrieval

to ArcGlIS. Each person was mentored using
the “train the trainer” model to support the
goal of technology transfer to enable forest
managers and field technicians to observe,
collect and report changes in forest health
conditions in accordance with the prescribed
methodology. Forest managers were also
briefed and given the opportunity for input
as to the final application of this program in
order to promote a cooperative work envi-
ronment. To date, 24 fixed monitoring plots
and 12 vista observation points are regularly
monitored and reported. This information

is shared with cooperators from UPRM and
DRNA to support opportunities for research,
management and development of the UPRM
Entomology Museum and the future interac-
tive website of forest entomology in Puerto
Rico.

Additionally, three new occurrences of in-
sects that affected forests and two potential-
ly undescribed insect species were observed.
A reforestation management recommenda-
tion has been developed regarding the use
of certain tree species for roadside planting
and defoliation.

Harrisia cactus mealybug monitoring
on Caja de Muertos

A project to measure the level of infestation
and rate of spread of the Harrisia cactus
mealybug on the Caja de Muertos nature
reserve was developed, in response to an
urgent request from the Puerto Rico Depart-
ment Natural and Environmental Resrouces.
Personnel training in basic scientific methods
was completed. A field survey form and data
base was developed. Ten monitoring plots
along the leading edge of the outbreak were
established to measure the intensity and

rate of spread of the mealybug. To date, data
analysis suggests that the rate of spread is in-
creasing exponentially. A management plan
consistent with the restrictions of this nature
reserve and the capabilities of the host agen-
cy were developed and submitted to a USDA
Animal and Plant Health Inspection special
team for consideration. The data plots have
also provided research opportunities for
international cooperators to further develop
biologic control agents.

Institute Contact: Kevin D. Carlin,
kdcarlin@fs.fed.us
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Awards

+ Dr. Michael Keller was elected as a Fellow
for 2014 to the American Association for
the Advancement of Science (AAAS), in
the Section of Geology and Geography,
honoring him for contributions to innova
tion, education, and scientific leadership.

Peatlsfrom :
-the l.agoon._
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+ Dr.Joseph Wunderle, Jr. was the recipient
of the Ralph W. Schreiber Conservation
Award, given by the American Ornitholo-

. = 4 -

gists’Union. This award honors extraordi-  [i§ B e e~
nary scientific contributions to the con- A ey e
servation, restoration, or preservation of Ll Vicki Basman:

birds and/or their habitats.

gy

« Poetic Science, a collaborative exhibit
developed by the Institute and the Mu-
seum of Contemporary Art of Puerto Rico,
received the award of Best 2014 Collective
Exhibition in Puerto Rico from the Interna-
tional Association of Art Critics.

s v .+ ..w.w .~ ] * Jerry Bauer was honored with the first Thomas Belt Con-
e . ” . . . e .
La Asocmaion Puzmrormiquesa | | S€TVation Award” for his dedication and skill in communicat-
' peCrmicos e ARTE 4 | jng the value and beauty of nature in Central America.
aical
T s s e comemperines -+ |+ 2nd Place Book Category, “Pearls from the Lagoon, short
* Expostcion cofctiva . | stories & recipes,” National Association for Interpretation
2014 1 .
San on oetoics - | 2014 Media Award.
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- Award of Excellence, Photography: Paso del Istmo book,
21st Annual Communicator Awards.

- Award of Distinction, Book: Paso del Istmo book, 21st Annual Communicator Awardes.

« Award of Distinction, Brochure: Colonial City Bird Guide, 21st Annual Communicator Awards.
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