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Welcome!

ATBC 2017

MERIDA YUCATAN MEXICO

We welcome all of you to the 2017 ATBC meeting held in Merida, Yucatan, Mexico. We hope
you have fruitful interactions with colleagues, old friends, and new collaborators, mentees
and mentors amidst the beautiful surroundings that blend culture, history, and nature.

Founded in 1963, the Association for Tropical Biology and Conservation (ATBC) is a
membership corporation, international in scope, membership, and objectives, functioning as
an international body to foster scientific understanding and conservation of tropical
ecosystems by supporting research, collaboration, capacity building, and communication
among tropical biologists and conservationists. The ATBC, currently with members from over
65 countries, composes a broad community of tropical biology professionals and provides
outlets for research dissemination, educational and funding opportunities, particularly for
early career scientists working across the tropics. As a diverse community of science
professionals, the ATBC provides a credible, collective, and authoritative vision of tropical
biology and conservation issues that underpin public policy and management action. Our
journal, Biotropica, is the leading international journal on tropical biology, and publishes six
issues per year on-line.

Starting with the Asia-Pacific and Student and Early Career Scientist Chapters, new regional
and thematic chapters are being formed to provide more outlets for collaboration,
communication, and regional networking. The Africa chapter is becoming established and
the Latin America chapter will soon be born. The ATBC also offers a Mentoring program,
Skills Workshops and Short Courses. The Conservation Chapter works actively to focus on
important issues where ATBC resolutions and declarations can have an impact on decision
making and mobilizing conservation actions around the tropics. We offer many ways to
become involved.

ATBC provides tiered membership options for students and regular members regardless of
economic status, and provides a limited number of travel grants to annual meetings. We aim
to be supportive, inclusive, participatory, transparent, and multidisciplinary in all of our
activities and events.

Please join us as a member to receive the maximum benefits of our global society.

Please visit our website for more information (http://tropicalbiology.org) as well as our

Facebook pages ATBC and Tropical Biology and Conservation Forum) and Twitter feed
(@tropicbiocon).

Dr Robin Chazdon
ATBC- Executive president

Dr. Marielos Pena Claros
ATBC- President 2017
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WELCOME TO THE ATBC 2017!

It is with great pleasure and joy that we extend to all of you the warmest welcome to the 54th meeting of the
Association of Tropical Biology and Conservation (ATBC) in the splendid city of Merida, Yucatan, Mexico. Four
of the most important academic entities in Mexico (the Instituto de Investigaciones en Ecosistemas vy
Sustentabilidad de la Universidad Nacional Auténoma de México, the Centro de Investigacién Cientifica de
Yucatédn, La Facultad de Biologia of the Universidad Auténoma de Yucatdn and the Instituto de
Investigaciones Naturales of the Universidad Michoacana de San Nicolds de Hidalgo), which teach and carry
out research in tropical biology and conservation, have joined efforts to host the 2017 ATBC annual meeting
in Merida, a world-class location.

Merida is a great venue for this meeting for several reasons. First, the city is located inside the Chicxulub
crater that was formed by the impact of the asteroid that led to one of the six mass extinctions of species
recorded in the history of Earth. This reminds us of the current massive species extinction driven by another
global phenomenon: the increasing consumption and unsustainable use of natural resources by humans. The
negative impacts of human activity on the biosphere, hydrosphere, and lithosphere are of such nature and
magnitude that there is a growing consensus that a new geological epoch in the history of Earth has
emerged, appropriately named the Anthropocene. Second, Merida is part of an ancient and living culture
built upon the management of tropical biodiversity and ecosystems. Both ancient and contemporary Mayans
adopted socio-ecological ways of living that made possible great past civilizations, and today these practices
inspire ways to solve the challenges imposed by the coexistence between nature and societies. These
examples of coexistence efforts are found across the tropical world, especially in traditional human
communities, and they call for alternatives to the unsustainable modes of development that prevail in much
of today's societies, especially in urban areas. These aspects define the theme of the Merida meeting:
Ecological and social dimensions of the conservation of tropical biodiversity. In addition, Merida is a city rich
in history (with pre-Hispanic, colonial and contemporary episodes), culture (including unique regional food
dishes) and folklore, surrounded by countless natural, archaeological and ethnical attractions, which make a
magnificent context for a special ATBC meeting.

Based on the mission, objectives and principles of ATBC, the meeting in Merida will pursue research topics
on the origin, evolution, and maintenance of the extraordinary tropical life diversity, on the anthropogenic
impacts on biodiversity and ecosystems, on the human factors (societal, cultural, political, and economical)
driving such impacts, and on conservation, restoration and planning issues. The Merida meeting has attracted
an important number of delegates. More than 750 contributions, divided into 31 symposia, 39 sessions of
free oral presentations, and 4 poster sessions conform the skeleton of the meeting program. Delegates are
coming from more than 40 countries and more than 380 academic institutions. We are particularly pleased
that 50% of the delegates are bachelor and graduate students, which indicates the great "regenerative
potential” that the ATBC community has. Of course, the origin of delegates participating in ATBC meetings
varies from year to year, depending on the region of the planet where the meeting is held. Therefore, it is not
surprising that in Merida more than 75% of the delegates come from the American continent, particularly
from the United States (25%), Mexico (20%), and Brazil (19%). However, delegates from the Asian (India,
China, Indonesia), African (Benin, Nigeria), Australian (Australia, New Zealand) and European (Germany, Great
Britain, Netherlands, Spain, Italy, Czech Republic, Switzerland, among others) continents are attending the
Merida meeting.

A particular effort has been made to enrich the meeting with special events that, in addition to keynote
lectures, will provide diverse perspectives on critical issues in tropical biology and conservation through

ATBC 2017

MERIDA
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debates and panel discussions. Four lectures will address topics such as: i) the collaboration required to
better face scientific challenges and to search for solutions to environmental problems, ii) the need for
trans-disciplinary work to cope with new diseases emerging from human impacts on biodiversity and natural
ecosystems, iii) the history of extinctions of mammal fauna since the arrival humans to America (analyzed
through extraordinary and unique paleontological records), and iv) the importance of tropical mangroves as
complex ecosystems supplying ecosystem services of local, regional and planetary relevance.

Debates and panel discussions will be held for the first time on key topics with the participation of scientists
and experts from different regions of the planet. One debate will address the advantages and disadvantages
of conserving biodiversity through land-sharing versus land-sparing strategies. A second debate will discuss
to what extent inter-governmental agreements on the international trade of animal and plant specimens (e.g.
CITES) have fostered or hampered the conservation of endangered species. Regarding the panel discussions,
a first one will address the extent to which the decline of the Mayan civilization was associated with an
unsustainable management of their environment, and the lessons emerging from this socio-ecological history
for present societies. A second panel will identify societal and ecological questions and issues emerging from
the intersection of tropical ecology, conservation and society in the Anthropocene. Finally, a third panel will
address the role of second-growth forests for conservation and restoration in the tropics analyzed from
ecological, social and economic points of view. We hope that the audience will participate interactively in
these events. To assess coincidences and divergences in the opinions of tropical biologists and
conservationists, during the debates and panels the audience will respond to pre-defined questions using an
electronic voting system.

Besides these special events, there will be a series of expositions, workshops, courses, meetings of working
groups, and a variety of field trips, among other activities. In particular, we would like to highlight the scientific
coffee sessions where delegates will be able to freely exchange ideas and points of view with leaders in
tropical biology and conservation on hot scientific topics. Furthermore, ATBC will have the presence of the
general public in Merida. During the days of the meeting a series of scientific coffee sessions will be open to
the public in the splendid house of the National University of Mexico in Merida. Finally, we have prepared
cultural activities that will bring delegates closer to the history, folklore and present life of the Yucatan
Peninsula. Thus, on the day of inauguration, we will visit the Great Mayan World Museum, where you can visit
rooms related to the impact of the asteroid that produced the Chixchulub crater and the extinction of
dinosaurs and the history of the Mayan civilization. After this tour, we will offer a welcome cocktail with
traditional Yucatecan food snacks and typical music of the region. For the banquet and closing party,
delegates will enjoy a rich dinner of Yucatecan food, and will be able to experience and dance to the music
typical of Mexico and Latin America.

All these activities, will give you the opportunity to enjoy the academically rich and friendly atmosphere
typical of ATBC annual meetings.

Dr Miguel Martinez Ramos
ATBC 2017 Program Chair

Dr Juan Manuel Dupuy Rada
ATBC 2017 Program Co-chair

ATBC 2017
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Miguel Martinez-Ramos

Program Chair

Miguel Martinez-Ramos is an ecologist dedicated to the study of factors,
processes and mechanisms that determine the dynamics of tropical forests in
natural and modified environments in the dry and humid regions of Mexico
and in some regions of Central and South America. His research focuses on
the understanding of ecological principles involved in the coexistence of plant
species at local and landscape scales, establishing the scientific basis for the
sustainable use of tropical forest products and providing knowledge about
regeneration and restoration of forests in landscapes shaped by activities
human. His ultimate goal, is the establishment of frameworks for sustainable
management of ecosystems, improving the conservation of biodiversity and
the welfare of people who manage tropical forests.

Juan Manuel Dupuy Rada

Program Co-chair

Juan Manuel Dupuy is an academic dedicated to the research of the patterns,
processes and factors that determine the structure, diversity and composition
of tropical forests in human-perturbed habitats. Specially he is interested in
the regeneration, succession and forest-dynamics at the community and
landscape levels. Recently, his research projects have been focused to the
carbon measurement and monitoring in the tropical forest to implement
climate change mitigation strategies.

Victor Parra-Tabla

Victor Parra-Tabla is an ecologist at the Universidad Auténoma de Yucatén. His
research has been focused on the study of multiple interactions that occur
between parasitoids-herbivores-plants and pollinators. His research interest
has been expanding to the study of plant local adaptation and phenotypic
plasticity of interespecific interactions, using molecular tools and ambitious
field experiments in large geographic scales. He is also interested in the
implications of my studies in the conservation biology and management of
some species.

Ireri Suazo-Ortuio

Ireri Suazo-Ortuiio is an ecologist and herpetologist at the Instituto de
Investigaciones sobre los Recursos Naturales of the Universidad Michoacana
of San Nicoléds of Hidalgo in Michoacén, México. Her research is focused on
the ecology and conservation of wildlife, mainly in the dry tropical forest of
Western Mexico. For the last 15 years she has been studying the effects of
anthropogenic activities on ecological and functional aspects of amphibians
and reptiles in order to recommend sustainable agricultural management
practices.



ASSOCIATION FOR TROPICAL BIOLOGY AND CONSERVATION

The Association for Tropical Biology and Conservation (ATBC) is an international professional society formed
in 1962 to promote awareness, research, education, and communication in all aspects of tropical biology and

conservation. ATBC publishes a scholarly journal, Biotropica, hosts a website, and organizes an annual
meeting each year. The activities of ATBC and its members promote the understanding, education, and
conservation of tropical biology diversity for posterity, for its intrinsic worth and for aesthetic and tangible
values to humanity.

Robin Chazdon, Executive Director

Department of Ecology & Evolutionary Biology Unit 3043
University of Connecticut

Email: rchazdon@gmail.com

http://hydrodictyon.eeb.uconn.edu/people/chazdon/

www.tropicalbio.org

Marielos Peia Claros, President ATBC 2017
Associate Professor

Wageningen University, the Netherlands
Email: marielos.penaclaros@wur.nl

https://www.wur.nl/es/Persons/Marielos-PenaClaros.htm
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ORGANIZERS

INSTITUTO DE INVESTIGACIONES EN ECOSISTEMAS Y
SUSTENTABILIDAD-

UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO

The Institute for Ecosystem and Sustainability Research (IIES-UNAM)
mission is to conduct scientific research, human resources training and
links with society, aimed at understanding environmental problems
related to the management of socio-ecological systems, from
disciplinary, multidisciplinary, interdisciplinary and transdisciplinary
approaches. They contribute to building sustainable societies capable of
providing fair and just, material and cultural satisfactions without

affecting the capacity for renewal of ecosystems and respecting the
natural processes that sustain life on the planet.
http://www.iies.unam.mx/

UNIDAD DE RECURSOS NATURALES-

’,3 CENTRO DE INVESTIGACION CIENTIFICA DE YUCATAN

’,¢ The Natural Resources Unit (URN) of the Center for Science Research of

"¢ Yucatan (CICY) conducts research on conservation and sustainable use

CICY of natural resources in the Yucatan Peninsula, Central America, and other

American regions. Also, URN carries out trans-disciplinary research and
outreach activities with communities, producers, private agencies,
government agencies and other academic institutions. URN is actively
involved in training of graduate students in areas of Conservation
Biology, Reproductive Biology, Biosecurity, Bio-productivity, Plant
Ecology, Ecology of Communities and Ecosystems, Evolution,
Systematics, Phylogeny, Physiology, Interactions, Landscape Ecology,
and Ethnobotany, among other disciplines.
http://www.cicy.mx/unidad-de-recursos-naturales

DEPARTAMENTO DE ECOLOGIA TROPICAL-

= UNIVERSIDAD AUTONOMA DE YUCATAN

The Department of Tropical Ecology (DET) of the Autonomous University
of Yucatan (UADY) was created in 2000 as part of the Bachelor in Biology
offered by UADY. In 2006, this BSc program received the award as
"consolidated" by the Ministry of Education of Mexico, thanks to the
important training labor of students and the scientific research done by
the academics of the DET. The mission of DET is the generation of
original knowledge in basic and applied areas of tropical ecology, as
well as the training of students at high academic standards.

http://www.uady.mx/
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INSTITUTO DE INVESTIGACIONES SOBRE RECURSOS NATURALES-
UNIVERSIDAD MICHOACANA DE SAN NICOLAS DE HIDALGO

The Research Institute of Natural Resources (INIRENA-UMSNH) is a unit
of the Universidad Michoacana de San Nicolés de Hidalgo dedicated to
scientific research, training human resources, and the transfer and
dissemination of knowledge and technology generated for the benefit
of society. The scientific community of INIRENA contributes to the
understanding, management and conservation of natural resources of

Mexico and in particular of the state of Michoacan.
http://www.inirena.umich.mx/

OUR PROFESSIONAL CONGRESS ORGANIZER (PCO)

InterMeeting INTERMEET.ING ) ) _ o

Evolving events This agency is expert in planning, promotion, and organization of
congresses, exhibitions and conventions. Nineteen years of experience
support them as one of the best PCO in Mexico. The success of this
agency is due to their effective working method, experience, a reliable
network of specialized suppliers and the best team of work, offering an
integral service.

ATBC 2017
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SPONSORING

We are grateful for all institutions that offered financial support, donations or contributed
to the organization of the meeting
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PARTNERS

RuFForﬁgg%

Gobierno del Estado de Yucatan

Oficina de Congresos y
Convenciones
Gobierno del Estado de Yucatan

People and Reforestation in the
Tropics, a network for education,
research and synthesis

The Rufford Foundation

W

SEFOTUR

W

SEDUMA

®

CONABIO

IUBS ..

Secretaria de Fomento Turistico
Gobierno del Estado de Yucatan

Secretaria de Desarrollo Urbano
y Medio Ambiente
Gobierno del Estado de Yucatan

Comision Nacional para el
Conocimiento y Uso de la
Biodiversidad

International Union of Biological
Sciences
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GENERAL INFORMATION

ATBC MEMBERSHIP

As a member you will:

J benefit preferential prices to register at the ATBC annual meetings

. be allowed 10 free published pages in BIOTROPICA annually

. get access to member-only conference registration rates

. be elegible for presentation awards during annual meetings )(ge

J be elegible for travel grants to assist to annual meetings 39%)( atbc
J have a webpage for your field site promoted at tropicabio.org

J have your BIOTROPICA paper highlighted at our FaceBook page
For more information please visit Wiley or email cs-membership@wiley.com

SOCIAL NETWORKS

ATBC
’ https://twitter.com/tropicbiocon
f https://www.facebook.com/TropicalBiologyConservation

ATBC Europe Group
f https://www.facebook.com/groups/806472452717639/

ATBC. SECSCI (Student and Early Career Scientist Chapter)
f https://www.facebook.com/groups/1429717710644455/

ATBC Africa Chapter
f https://www.facebook.com/groups/1606854326244847/

ATBC 2017
’ https://twitter.com/atbc2017
f https://www.facebook.com/atbc2017/
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SOCIAL PROGRAM

WELCOME COCKTAIL
Sunday July 9th
18:30
Gran Museo del Mundo Maya

ATBC BANQUET
Thursday July 13th
20:30
Quinta Montes Molina

INFORMATION FOR PARTICIPANTS

BADGES
Your name badge is entry to all sessions, the exhibition, events & all catering services
Please wear your name badge at all times.

CATERING

Full registration fees included:
- Welcome Cocktail

- Coffee breaks

- 4 day lunch

Breaks will be served each day in the morning (at 10:30 hrs) and in the afternoon (at 16:00 hrs)
in the Holiday Inn Hotel and in the corridors of Fiesta Americana Hotel.

EMERGENCY PROCEDURES AND FIRST AID

In the case of an emergency, please inform at 01 999 942 1111 (Hotel FA) or 911 (Emergency
number in Mexico). Traveling and time zone differences can affect the body so feel free to stop
in for medications,diagnosis, rest, minor injuries, or even to nurse for new mothers.

WIFI

Free wireless internet is available at no cost. L)
L

INTENTION TO PHOTOGRAPH
Delegates and others are advised that photographs may be taken during the conference and
reproduced for promotional purposes.

ATBC 2017 xiii
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SERVICES DEDICATED TO ATTENDEES

WELCOME PACK

We are delighted to welcoming you in Mérida during the 54th ATBC 2017. After your check-in at your arrival,
go to our Welcome Desk (located in the Fiesta Americana Hotel, see map) to get your Welcome Pack.

Pack including: Delegate'’s bag, congress program, notebook and touristic information.

CHILD CARE
The ATBC 2017 organizers are please to make available to our AN A L ~
attendees Child Care in the venue. You have to drop your child at L 'g' l ; - r %0 o

- s %

. . . . n ¥ §
the child care room (Salén |zamal, Fiesta Americana Hotel). - -

INFORMATION FOR AUTHORS

PREVIEW (Fiesta Americana Hotel)

All speakers are requested to check-in their presentation to the ATBC technical team at least
a half day prior to their presentation. All presentations will be networked from the upload
desk to the presentation rooms. The presentation upload desk will be open each day from
9:00 to 19:00.

ORAL PRESENTATION

Participants are advised to prepare PowerPoint presentation using widescreen format (16:9) with a time slot
of 15 minutes, chich includes approximately 12 minutes for the presentation and 3 minutes for question and
discussion.

POSTER PRESENTATION

The size of Poster Board is 100 X 120 cm (Width x Height) size maximum.

Poster should then be 96 X 117 cm (Width x Height) max and it should be labeled and laid out in a clear and
logical format to effectively communicate the results of your work. Posters will typically be read from 1m away,
hence, the text and graphics used should be able to be read from at least this distance. We suggest that
written materials displayed on the panels should be no less than 24 point bold lettering

Each selected author have to give a presentation of their poster during their dedicated poster session day.
The scientific committee advise each selected author to be present at each poster sessions during ATBC
2017.
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TIME

SITE

SUNDAY

MONDAY

TUESDAY

8:00-9:00

Welcome desk
(FA)

9:00-9:30

9:30-10:30

Yucatan 1
&
Yucatan 2 (FA)

10:30-11:00

Corridors of FA
& HI

11:00-13:00

Yucatan 1 (FA)

Yucatén 2 (FA)

Yucatén 3 (FA)

Yucatan 4 (FA)

Mérida (FA)

Celestun (FA)

Uxmal (HI)

Tulum (HI)

Kabah (HI)

Maya (HI)

13:00-14:30

Restaurants of
FA & HI

San Jacinto (HI)

Santiago (HI)

14:30-16:00

Yucatéan 1 (FA)

Yucatén 2 (FA)

Yucatan 3 (FA)

Yucatén 4 (FA)

Mérida (FA)

Celesttin (FA)

Uxmal (HI)

Tulum (HI)

Kabah (HI)

Maya (HI)

CIS (FA)

San Juan (HI)

16:00-17:00

Corridors of
Holiday Inn

Uxmal (HI)

Tulum (HI)

Kabah (HI)

CIS (FA)

San Juan (HI)

17:10- 18:10

18:10 - 18:40

18:40-19:10

19:10-19:40

Yucatan 1
&
Yucatan 2 (FA)

20:30

Quinta Montes
Molina

July 9th, 2017

ARRIVALS

REGISTRATION
Welcome Desk
(FA)

From 10:00 hrs

WELCOME
CEREMONY
Yucatan 1 &
Yucatan 2
(FA)
16:15 hrs

PRESIDENTIAL
ADDRESS
Marielos Pefia
Yucatan 1 &
Yucatan 2
(FA)
17:00 hrs

WELCOME
COCKTAIL
Gran Museo del
Mundo Maya
18:30 hrs

Please check
details in
highlights

July 10th, 2017

July 11th, 2017

REGISTRATION

Opening welcome

[PS] Keynote lecture
Hoyo Negro: Terminal Pleistocene Megafauna and the First Human of the
Yucatan
James Chatters

[PS] Panel discussion
The future Beyond Paradise: Frontiers in tropical ecology, conservation and
society in the Anthropocene
Rodolfo Dirzo, Sandy Andelman, José Sarukhan & Lucia Lohmann

COFFEE BREAK

[SYMP] Trends in plant-pollinator interactions in the tropics

[SYMP] Multiple-use forests: can forest conservation and socio-economic
development be combined?

[SYMP] Tropical biotic interactions in the Anthropocene

[SYMP] Using functional diversity to understand community and ecosystem
processes in tropical dry forests

[SYMP] Trees outside forest for biodiversity conservation, ecosystem services
and livelihoods

[SYMP] Insect-Plant interactions: patterns and processes in a changing world

[SYMP] Tropical leaf phenology: field, remote sensing and modelling

[SYMP] The impacts of agrarian change on local communities: sharing
experience from the field

[SYMP] Advancing Bamboo Ecology, Systematics, and Conservation in the
Neotropics

[SYMP] Tropical Pollination Services in the Anthropocene

[SYMP] Biodiversity responses to landscape structure

[SYMP] Primate conservation in human-disturbed habitats

[SYMP] Eliminating a false dichotomy: the importance of human-modified
landscapes for conservation plans

[SYMP] Biogeography, ecology and sustainability in Caatinga: the largest dry
forest in South America

[SYMP] The impact of the El Nifio on tropical ecosystems

[SYMP] Participatory modeling and games to engage people in science based
conservation ecology and planning

[SYMP] Origins and consequences of genetic and functional variation in tropical
oaks under global change

[SYMP] Modeling Tropical Forest Dynamics and Element Cycles in an Era of
Global Change

[SYMP] Socio-Ecological dimensions of changing fire regimes for tropical
biodiversity conservation

[SYMP] Working with others for carnivore conservation: interdisciplinary,
participatory and action research

LUNCH

[SE] Soft-skills workshop- Getting published in the sciences

[SE] Soft-skills workshop- Presentation skills

[SE] Panel: Lessons in conservation

[OS] Biotic interactions in tropical ecosystems |

[SYMP] Multiple-use forests: can forest conservation and socio-economic
development be combined?

[SYMP] Tropical biotic interactions in the Anthropocene

[SYMP] Using functional diversity to understand community and ecosystem
processes in tropical dry forests

[OS] Seedling and sapling ecology

[OS] Functional aspects of tropical ecosystems

[OS] Ecology, genetics, and evolution of tropical systems |

[OS] Ecology, genetics, and evolution of tropical systems |l

[SYMP] Advancing Bamboo Ecology, Systematics, and Conservation in the
Neotropics

[OS] Biotic interactions in tropical ecosystems Il

[OS] Soil ecology in tropical systems

[OS] Seed and seedling ecology

[0S] Human influences on tropical ecosystems and landscapes

[SYMP] Biogeography, ecology and sustainability in Caatinga: the largest dry
forest in South America

[OS] Structure, function, and diversity of tropical ecosystems

[OS] Tropical biodiversity and conservation in human modified landscapes

[OS] Plant-soil-fungi interactions

[OS] Restoration of degraded tropical ecosystems

[OS] Biodiversity inventories in tropical ecosystems |

[OS] Invasive species

[SE] Oaks of the Americas Conservation Network Meeting on Research and
Conservation of Tropical Oaks

[SE] Exploring Collaboration Between Africa and Latin America for Ecology and
Conservation Biology

[SE] Neotropical Bamboo Research working group

COFFEE BREAK & POSTERS

Audiovisual session

Audiovisual session

Audiovisual session

Audiovisual session

[SC] Scientific café

[SC] Scientific café

[SE] Exploring Collaboration Between Africa and Latin America for Ecology and
Conservation Biology (continuation)

[SE] Neotropical Bamboo Research working group (continuation)

[PS] Panel Discussion
The human-environment interactions of the Ancient Maya: lessons from the past
to future sustainability
Anabel Ford, David Lentz, Gerald islebe,Javier Caballero

[PS] Keynote lecture
The skin of our coasts: Mangrove services in a rapidly changing environment
Exequiel Ezcurra

[PS] Town Hall Meeting

(FA): Fiesta Americana Hotel

[PS]: Plenary session

XV

(HI): Holiday Inn Hotel
[SYMP]: Symposium

[OS]: Oral session

[SE]: Side event

[SC]: Scientific Café

ATBC 2017
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WEDNESDAY

July 12th, 2017

THURSDAY

July 13th, 2017

FRIDAY

July 14th, 2017

SITE

TIME

REGISTRATION

[PS] Debate
Land Sparing and Land Sharing: Can we have both?
Ivette Perfecto & Ben Phalan

[PS] Debate
Are trade and hunting bans on endangered tropical species a "perfect storm" for
poaching or an effective conservation strategy
Annecoos Wiersema & Duan Biggs

COFFEE BREAK

[SYMP] Conservation challenges in the agro-forest frontier; past, present and
future

[SYMP] The dry tropics: vulnerability and resilience

[SYMP] Defaunation and ecosystem services

[SYMP] Ecological drivers of succession in human-modified landscapes, from
local to meta-communities

[SYMP] Quantitative acoustic ecology: using sound in tropical biodiversity
research and conservation

[08] Plant-hebivore interactions

[SYMP] A landscape perspective on biodiversity conservation and management
in oil palm mosaics

[OS] Tree and liana responses to drought and other factors

[SYMP] Bridging conservation ecology and genomics in the study of species
with Crassulacean Acid Metabolism

[OS] Biodiversity inventories in tropical ecosystems ||

[SYMP] Exploring the fate of tropical forests under drier climates: linking
mechanisms to models

[OS] Ecology and conservation of tropical vertebrates

[SYMP] Structure, function, and dynamics of tropical ecosystems

[OS] Structure, function, and dynamics of tropical ecosystems

[SYMP] Lightning talks and networking in tropical science: ATBC-SECSCI
Chapter symposium

[OS] Fragmentation effects on ecology of plants and animals

[SYMP] New Views of Structural Complexity and Tropical Ecosystem Function

[OS] Ecosystem services and tropical systems

[SYMP] Leaf cutter ants and forest ecosystem processes

[OS] Social and economical drivers of tropical ecosystem change

Mentoring circles (Restaurant: Café Montejo; FA)

LUNCH

[SE] Workshop- Conservation in practice

[SYMP] Conservation challenges in the agro-forest frontier; past, present and
future

[SYMP] The dry tropics: vulnerability and resilience

[SYMP] Defaunation and ecosystem services

[OS] Functional diversity and functional traits in tropical systems

[OS] Tropical forests and climate change

[OS] Tropical forest dynamics and functioning

[OS] Ecology, genetics, and evolution of tropical systems Il

[OS] Morphological, physiological and structural traits of tropical forest plants:
from leaves to forest canopy

[SYMP] Bridging conservation ecology and genomics in the study of species
with Crassulacean Acid Metabolism

[OS] Ecology of tropical secondary forests

[OS] Effects of hurricane and fire disturbances on tropical ecosystems

[OS] Population and community dynamics

[OS] Ecology of plant growth

[OS] Biological and social bases for sustainable use of non timber forest
products

[OS] Diversity changes in environmental gradients

[0S] Conservation iniciatives and tropical biology research

[OS] Ecosystem functioning in secondary and mature tropical forests

[0S] Human development and tropical ecosystems

[OS] Biotic interactions in tropical ecosystems llI

[O0S] Coral and other aquatic systems

[SE] Game salon: hands-on demonstration of role-playing games for ecology
and conservation

[SE] Workshop: How to publish in high quality scientific journals

COFFEE BREAK & POSTERS

Audiovisual session

Audiovisual session

Audiovisual session

Audiovisual session

[SC] Scientific café

[SE] Game salon: hands-on demonstration of role-playing games for ecology
and conservation (continuation)

[PS] Panel discussion
The role of secondary forests in restoration and biodiversity conservation
Robin Chazdon, Thomas Rudel, Laura C. Schneider, Bernardo B. Neves &
Manuel R. Guariguata

[PS] Keynote lecture
conservation Medicine and One Health: Addressing the Changing Threats of
Disease Emergence, Globalization and Climate Change to Tropical Biodiversity
Alonso Aguirre

[PS] Closing ceremony, The Merida Declaration

ATBC Banquet

Sdidl didid

Welcome desk
(FA)

8:00-9:00

Yucatan 1
&
Yucatan 2 (FA)

9:00-9:30

9:30-10:30

Corridors of FA

& HI

10:30-11:00

Yucatan 1 (FA)

Yucatén 2 (FA)

Yucatén 3 (FA)

Yucatan 4 (FA)

Mérida (FA)

Celestun (FA)

Uxmal (HI)

Tulum (HI)

Kabah (HI)

Maya (HI)

11:00-13:00

Restaurants of
FA & HI

San Jacinto (HI)

Santiago (HI)

13:00-14:30

Yucatén 1 (FA)

Yucatén 2 (FA)

Yucatén 3 (FA)

Yucatén 4 (FA)

Mérida (FA)

Celesttin (FA)

Uxmal (HI)

Tulum (HI)

Kabah (HI)

Maya (HI)

CIS (FA)

San Juan (HI)

14:30-16:00

Corridors of
Holiday Inn

Uxmal (HI)

Tulum (HI)

Kabah (HI)

CIS (FA)

San Juan (HI)

16:00-17:00

Yucatan 1
&
Yucatan 2 (FA)

17:10- 18:10

18:10 - 18:40

18:40-19:10

19:10-19:40

Quinta Montes
Molina

20:30

ATBC 2017
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***The “Game salon” side event starts at 14:00 hrs
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SUNDAY
July 9th, 2017 (17:00 hrs)

Collaboration in Science
(Presidential address)

Presenter: Dr Frans Bongers

The way we do science has changed over time from an individualistic endeavour
to a group undertaking. Does collaboration in science allows coping better with
the environmental and scientific challenges that society is confronted with? And
how do we organize our collaboration? What are the formulas for success and

failure? In this presentation | will explore these questions and will highlight some

SEeSSIoONS

example of successful collaboration that can enhance science, capacity building,

and impact on the ground.

Plenary

e
X
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MONDAY
July 10th, 2017 (9:30 hrs)

Hoyo Negro: Terminal Pleistocene Megafauna and the First Human of the
Yucatan

Dr James Chatters
Presenter: Dr Ek del Val

Biological communities of Central America, although under threat, retain among the highest levels of
medium-to-small animal diversity of any ecosystems on earth. They were formerly even more diverse,
including a complex megafaunal assemblage as well. Paleontological records of such environments tend to
be rare, however, because warm temperatures and acid soils lead to rapid destruction of skeletal remains.
The limestone caves of the Yucatan peninsula are proving to be an exception to this pattern, offering an
almost unmatched skeletal record of large mammals dating to the time of humans' first arrival in the
Americas. Most large mammal discoveries are being made underwater in the submerged caves of Belize and
the Mexican state of Quintana Roo. The most spectacular and informative of these is the site of Hoyo Negro.

Located at the confluence of three >600 meter-long tunnels, Hoyo Negro is a 60 meter-diameter
collapse chamber that falls 30-45 meters below the tunnel floors and 40-55 meters below the water surface.
Before sea level rose at the end of the last glaciation, it was a perfect natural trap. At its bottom, among
boulders, heaps of calcite raft sediment, and piles of bat guano, lie the remains of 27 large animals. Others
are found in the connecting tunnels.

At least eight extinct species are included among the almost perfectly-preserved skeletons: saber
tooths, highland gomphotheres, three species of giant ground sloth, the south American bear Arctotherium,
and a large canid. One of the sloths is a new genus; the South American carnivores have not been previously
documented in Central America. Along with tapirs, peccaries, pumas, and a coati, which remain in the region
today, are bobcats and coyotes, which are far outside their modern ranges. Additional tunnels contain
remains of glyptodont, extinct llama, and horse. The image is of a highly diverse megafaunal community or
closely spaced communities in a complex, dynamic mosaic.

At least some of these many species were extant after 15,000 years ago, when humans first arrived.
Among their bones on the floor of Hoyo Negro floor are remains of one of those earliest people, Naia, an
adolescent girl. Her nearly complete ~13,000 year-old skeleton is the earliest currently known in the
Americas and is providing extraordinary information about the activities, health, and livelihood of the first
people of Meso America.

Investigation and, in some cases, recovery of these skeletons from deep under water, in the dark, has
posed major technical challenges. Dating them has been problematic. However, their study, together with
paleoecological analysis of the calcite raft sediment, stalagmites, guano deposits, and abundant sticks and
charcoal, offers an unparalleled opportunity to understand the ecosystems of the terminal Pleistocene

Yucatan and the initial impact of people on them.

ATBC 2017 XXi
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MONDAY
July 10th, 2017 (17:10 hrs)

The human-environment interactions of the Ancient Maya: lessons
from the past to future sustainability

Participants: Dr Anabel Ford, Dr David Lentz, Dr Gerald Islebe,
Dr Javier Caballero

Moderator: Dr Jorge Soberén Mainero

The Ancient Maya civilization developed and persisted during more than 3000
years managing a large extension of the Mesoamerican tropical forest, extending, at
its peak, from Yucatan peninsula, Guatemala, Belize to Honduras. The flourishing of
this civilization accounts for great scientific, cultural and technological advances.
Tree farming, biodiversity management in orchards, sophisticated irrigation and soil
conservation systems, all indicated continuous adaptive forest management in
response to population growth and climate changes during 3000 years (Fedick
2010). The collapse and rapid depopulation of Maya civilization occurred more than
1000 years ago, and these events are the subject of long-standing debates about
human-environment dynamics among the Maya and their forest. Did Maya
managed or destroyed their forest? Did this human-environment system reach a

tipping point? What is the role of climate change (drought) and the interaction with

land-stress factors and forest fragmentation? what is the role of social, economical
and political drivers? Responses to these questions have generated dozens of

influential publications from multiple disciplines, pointing to an emerging
consensus on causes resulting from complex and reinforcing coupled
human-environment systems interactions (Turner 2012). The evidence suggesting a
rapid recovery of forest cover (80-280 years) and soil stabilization (120-280 years)
(Mueller et al. 2010), and the large extant diversity of the Maya forest (1000 years
after, considered a biodiversity hotspot) (Ford 2015), give us light on the tropical

rain forest resilience and the time frame involved. The elevated proportion of the

current flora corresponding to plants used by the Maya people, points to the
growing evidence that actual tropical rain forest in high diverse regions are not
pristine, but managed forests (Barlow et al. 2012). Overall, understanding the Maya
socio-ecosystem history will give us lessons on the factors driving biodiversity and

sustainability in the face of current and future climatic changes.

xxii ATBC 2017
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TUESDAY
July 11th, 2017 (09:00 hrs)

The future beyond paradise:
Frontiers in tropical ecology, conservation, and society in the
Anthropocene

Participants: Dr Rodolfo Dirzo, Dr Sandy Andelman,
Dr José Sarukhan, Dr Lucia Lohmann

Moderator: Dr Patricia Balvanera

More than a decade ago the influential paper “Beyond Paradise—Meeting the
Challenges in Tropical Biology in the 21st Century” [Biotropica, 2004, 36(4): 437-446]
was published. In that paper major research challenges and gaps in tropical biology and
conservation were identifies, including the understanding of (1) the evolution, structure
and functioning of tropical ecosystems; (2) the nature and magnitude of anthropogenic
effects on tropical ecosystems; and (3) the socio-economic drivers of these
anthropogenic effects. It was envisaged that in order to reach effective strategies for
conservation, restoration, and sustainable management of tropical ecosystems, scientific
perspectives must be integrated with social necessities, under three principles: (1)
broadening the set of social and biological concerns; (2) integrating biological
knowledge with the social sciences and traditional knowledge; and (3) linking science to
policy and action. Four broad recommendations were proposed for immediate action in
tropical biology and conservation that were thought to be fundamental to all biological
and social disciplines in the tropics: (1) assemble and disseminate information on life's
diversity in the tropics; (2) enhance tropical field stations and build a worldwide network
to link them with tropical field biologists at their field sites; (3) bring the field of tropical
biology to the tropics by strengthening institutions in tropical countries through novel

partnerships between tropical and temperate zone institutions and scientists; and (4)

create concrete mechanisms to increase interactions between tropical biologists, social
scientists, and policy makers. In this discussion panel these research challenges,
principles and recommendations will be revisited by senior scientific researchers,
economists and policy makers from different disciplines to assess the degree to which
tropical biology, conservation, and major social and economic issues have develop

during the last decade.
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TUESDAY
July 11th, 2017 (17:10 hrs)

The skin of our coasts: Mangrove services in a rapidly changing
environment

Dr Exequiel Ezcurra

Presenter: Dr Patricia Balvanera

Despite their comparatively small area, globally, mangroves have a disproportionate importance in providing
environmental services in the tropics. Recent decades have seen dramatic advances in our ability to quantify
the services of coastal lagoons, including (a) coastal protection and risk reduction from extreme weather, (b)
fisheries, (c) habitat for migratory waterfowl and birds in general, and (d) mitigation of the effects of sea-level
rise. Thanks to these studies, significant progress has been made in advancing conservation efforts in coastal
lagoons despite strong opposition from coastal developers. More recently, a number of studies have
highlighted the importance of mangroves in sequestering and storing carbon within their sediments. While
some mangrove forests accumulate carbon as amorphous organic matter mixed with clay, others form deep
layers of peat (partially decomposed but recognizable root tissues). Peat-forming mangroves have been
accumulating root remains for thousands of years and harbor belowground carbon contents that can reach
many thousand tons in one hectare. Their depth-age curves are invaluable records of sea-level rise during the
Holocene. Retention of belowground peat allows some mangroves to accrete vertically and keep pace with
sea level rise by growing on their own root remains, and in doing so they have been storing large amounts of
carbon in their sediments. The quantification of total belowground carbon allows us to assess the importance
of mangroves as carbon sinks, but, perhaps more importantly, radioisotope dating of peat fragments allows
us to estimate the long-term rate of carbon sequestration in coastal lagoons.

XXIV ATBC 2017
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WEDNESDAY
July 12th, 2017 (09:00 hrs)

Land-sparing and land sharing:
Can we have both?

How to simultaneously provide food and energy for people whilst conserving biodiversity and ecosystem
services is one of the most important questions facing ecologists and conservation biologists in the 21st
Century. Of particular concern is whether biodiversity ill benefit more from natural ecosystems embedded
into, or isolated from productive (agricultural and pastoral) lands. The former strategy, usually termed ‘land
sharing’, involves the retention of small elements of native ecosystems in the agricultural mosaic. This can
enable some biodiversity to be maintained within the agricultural landscape, but, some argue that it is often
lower-yielding, thus requiring a larger area of farmland to produce a given amount of food. The latter
strategy, termed ‘land sparing’, requires farming at higher yields on a smaller area of land, potentially
preventing the conversion (or enabling restoration) of natural ecosystems. The relative effectiveness of the
two approaches for biodiversity conservation depends on how individual species respond to changes in
agricultural management. If species are relatively resilient to habitat conversion, but are highly sensitive to
practices that increase yields of livestock and crops, they will do least badly with a land sharing approach that
limits intensification at the potential cost of increased habitat conversion. Alternatively, if species are highly
sensitive to habitat conversion (e.g. forest loss) a land sparing approach will be more effective as it maximizes
natural habitat conservation whilst concentrating production elsewhere. Because the land sparing approach
usually requires a smaller area of land to attain the same yield, and therefore leaves greater areas of natural
habitat untouched, it may have the best potential to preserve net biodiversity. Yet, increasing per-hectare
productivity, especially in large-scale monocultures, is not likely to solve the hunger and malnutrition in the
world, which is largely a consequence of limited access to food and not the overall quantity of food available.
Furthermore, increasing yields can often result in a ‘rebound effect, accelerating rather than slowing down
deforestation, at least locally. Thus, there are still many issues that need to be clarified, and the debate is still
open. Some propose that both land sparing and land sharing are needed to promote biodiversity
conservation, but others counter that this perspective downplays the clear tension between the two

strategies. Is this win-win vision little more than wishful thinking, or can we really combine both?
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WEDNESDAY
July 12th, 2017 (17:10 hrs)

The role of tropical secondary forests in conservation
and restoration

Participants: Dr Robin Chazdon, Dr Thomas Rudel, Dr Laura

Schneider, Dr Bernardo Baeta Strassburg, Dr Manuel Guariguata
Moderator: Dr Frans Bongers

Since the middle of the last century, understanding the effects of human
disturbances on the resilience of tropical forests has been central to the study
of tropical biology and conservation. In the XXI century, this area of research
has grown and broadened, as second-growth forests are becoming the
dominant vegetation in tropical regions around the globe due to increasing
pressures imposed by human activities on forest ecosystems (e.g., land use
change, climate global change, introduction of exotic species). New
approaches (functional, phylogenetic, socio-ecological) have emerged to
understand the influence of biophysical and human factors on forest
regeneration and on the structure, dynamics, and functions of secondary
forests. Further, strong concern is mounting regarding the importance of
secondary forests for biodiversity conservation, for large-scale reforestation
programs, and for the role of these forests in carbon sequestration and
mitigating effects of global climate change. This panel will address key
questions about the state of the art of the ecology and economics of
secondary tropical forests and the role these forests can play for conservation
and restoration in the Anthropocene. The panel will include researchers from
different disciplines of natural and social sciences that will discuss these
aspects and pin-point guidelines for future research and policies for
conserving biodiversity and to restore degraded lands in human modified
landscapes across the world's tropics.
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THURSDAY
July 13th, 2017 (09:00 hrs)

Are trade and hunting bans on
endangered tropical species a "perfect
storm" for poaching or an effective

conservation strategy?

Participants: Dr Annecos Wiersema & Dr Duan Biggs

Moderator: Dr Exequiel Ezcurra

The trade in wildlife threatens more than one third of birds and mammals worldwide, and has driven close to
extinction more than 1000 species of trees for timber. Trade bans implemented locally or internationally are
intended to curb the loss of these species so that conservation strategies can be implemented that allow the

species to recover to viable and robust population levels.

Despite international agreements to ban the trade in numerous species at threat of extinction, in the
last five years, illegal trade in highly threatened and endangered iconic species such as elephants, rhinoceros
and tigers has risen exponentially questioning the effectiveness of trade bans and sparking heated debate
about whether bans are a viable conservation strategy. Strong evidence exists suggesting that bans may
actually fuel illegal trade by inflating retail prices and making poaching the only way to acquire the species.
For example, at prices of up to $65,000 per kilo of rhino horn, the stakes for poachers are high and protecting
of endangered species has become increasingly more difficult and dangerous. Unwavering demand by
consumers for the parts or whole of threatened species despite awareness raising and education campaigns

suggest that neither these are viable strategies or that they do not work at the scale or speed required.

To date, the trade or not to trade debate has largely focused on the illegal trade of ivory, tigers and
rhino horns. We will ask out debaters to venture beyond trade bans on 'luxury' items, however, so as to
explore a highly linked but less-explored discussion - on whether the ban on consumption and trade of
bushmeat and wildfoods of threatened species is 'correct' given the importance of this food source and
income to impoverished rural families in the tropics. These are delicate and controversial discussions that
tropical biologists, conservation scientists and practitioners must have if we are to identify viable conservation

solutions that take into consideration the highly complex and intertwined dimensions of ecology and society.
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THURSDAY
July 13th, 2017 (17:10 hrs)

Conservation Medicine and One Health: Addressing the Changing
Threats of Disease Emergence, Globalization and Climate Change to
Tropical Biodiversity

Dr Alonso A. Aguirre

Presenter: Dr Luis Daniel Avila

According to WWF's Global Living Planet Report 2016, declines in vertebrate populations averaged 58%
between 1970 and 2012, including losses of 36%, 38%, and 81% in marine, terrestrial, and freshwater
ecosystems, respectively. Humanity has much more to learn about the critical roles that these species play in
both complex ecological processes and health, and thus much to lose letting them go extinct. Wildlife is
increasingly impacted by encroachment, malnutrition, toxicants, and emerging diseases shared with domestic
animals and humans. Indeed, diseases can be catastrophic to already stressed populations becoming leading
factors in species declines and extinctions. Recent examples include chytridiomycosis in amphibians, white
nose syndrome in bats, Tasmanian devil facial tumors, Ebola virus in great apes, multiple pathogens and
neonicotinoids linked to honeybee declines, and nutrient-driven hypoxic dead zones impacting fisheries.
Much more should be done to monitor diseases in wildlife in the tropics. Many sylvatic cycles of pathogens
are unknown or poorly understood and there is no one international governmental agency that conducts
comprehensive ecological surveillance and monitoring of diseases in animals across countries. Even worse,
many wild animals are exported to countries that conduct little or no surveillance.

Conservation Medicine and more recently One Health have emphasized the need to bridge
disciplines, thereby linking human health, animal health, and ecosystem health under the paradigm “health
connects all species in the planet”. Transdisciplinarity, integrative research, and capacity building are core
elements in establishing interventions that address extant, emerging, and re-emerging pathogens and
toxicants that harm humans, wildlife, and other components of biodiversity. Efforts to intervene will need to
be both "bottom/local up” and "top/national/international down.” Developing practical, sustainable and
effective solutions requires a keen understanding of local socio-economic factors and a solid grasp of
complex national and regional health and environmental policies. Efforts should begin within each country by
developing strategies by the Ministries of Health, Agriculture and Wildlife to work together in common
databases and emerging issues. In turn, federal agencies should rely on local scientists who are intimately
familiar with these complicated, on-the-ground realities. Consistent with this philosophy and goals, we need
to strive to ensure lasting local conservation impacts with global health solutions with every project by
training community leaders, volunteers and school children, in addition to professional, in-country experts.
Conservation Medicine and One Health offer time-sensitive opportunities to the conservation, veterinary and
public health community to reach out for new collaborations with simultaneous benefits for humans, animals,
plants and the environment.
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SIDE EVENTS

Satellite Meeting
Oaks of the Americas Conservation Network Meeting on Research and

Conservation of Tropical Oaks
Organizer: Audrey Denvir

Monday July 10th

14:30 hrs

C.I.S. (Fiesta Americana)

Oaks act as keystone species in a number of tropical systems, including Southeast Asian subtropical
broad-leaved evergreen forests, Mesoamerican oak-pine forest, and montane cloud forests. In fact, the two
centers of diversity and endemism for oaks are tropical and subtropical regions of China and Mexico.

The Oaks of the Americas Conservation Network (OACN) was founded at the International Workshop for Oak
Conservation in Morelia, Mexico in March of 2016. OACN is an interdisciplinary group of experts from
botanical gardens, arboreta, universities, conservation NGOs, and government agencies that recognizes the
importance of oaks to both temperate and tropical ecosystems in the Americas, as well as the threats to
extinction and knowledge gaps that persist surrounding oak species. We are focused on facilitating
collaboration across sectors and catalyzing both research and conservation action in order to translate
scientific knowledge into effective protection of oaks in the Americas.

Since its founding meeting, the OACN Network has begun to develop a number of oak-focused conservation
projects and workshops. For example, we initiated a project that integrates ex situ and in situ conservation
actions for Quercus brandegeei, a narrow endemic in south Baja California, Mexico. We are also planning a
meeting in Honduras this fall to facilitate the development of an international conservation strategy for
Quercus insignis, a species whose distribution spans from Mexico to Panama but that is rare and threatened
in some countries. We are also building capacity to improve taxonomic knowledge of oak species in Mexico,
one of the world’s two centers of oak diversity.

At this OACN Satellite Meeting, we will give updates on these projects and invite input and collaboration in
these efforts moving forward. We will also ask attendees to highlight their own oak research or conservation
work in order to identify opportunities for further collaboration towards our goals of filling knowledge gaps
and conserving threatened oaks in the Americas. In this way, the OACN Satellite Meeting at ATBC will grow
and strengthen the OACN network, identify critical research needs, prioritize conservation objectives, and
strategize next steps.

All ATBC conference delegates with an interest in oak research and conservation are encouraged to attend,

even if they are not formally a member of OACN. OACN welcomes new members as well as researchers
interested in learning more about the network.

ATBC 2017 xxix



Workshop
Exploring Collaboration Between Africa and Latin America for Ecology

and Conservation Biology
Organizer: Tuyeni Mwampamba
Tuesday July 11th

14:30 hrs

C.1.S. (Fiesta Americana)

Africa and South & Central America contain the largest surface area of the tropical world, each housing the
largest remaining continuous tracks of tropical forests and together, more than 65% of the world's
biodiversity. Although they harbor very dissimilar recent mammal fauna, they share many landscape
similarities, including the presence of extensive rain forests, savannas, steppes and deserts. Interesting and
intriguing commonalities exist in the use and transformation of these landscapes partially due to social,
political and historical commonalities, such as, highly natural resources dependent rural communities,
poverty, civil war, and dictatorships. These seemingly divergent continents share a plethora of conservation
and development challenges that represent opportunities for cross-learning and valuable interchange. Yet,
there are very few collaborations in place between ecologists, conservation biologists and conservation
practitioners from the ‘old’ and 'new’ tropics. Where of a bounty of studies and exchanges could be
happening, a vast vacuum of untapped potential exists. This two-hour workshop, organized by the
newly-formed ATBC Africa Chapter, is aimed at exploring potential research topics and collaborations
between Africa and Latin America. After hearing from a set of 3 to 4 panelists who have been able to work in
both regions, participants will break out in groups to identify potential research topics and collaborative work
that could immediately be implemented, and research grants that could fund such work. Our hope is for
some of the collaborations formed in Mérida will develop into research, conservation, and capacity building
outputs that can be presented in a symposium at the ATBC 2019 meeting in Madagascar.

Working group

Neotropical Bamboo Research working group

Organizer: Belen Fraderique
Tuesday July 11th, 2017

14:30 hrs
San Juan (Holiday Inn)

The limited knowledge about neotropical bamboos is scattered and poorly integrated. The Neotropical
Bamboo Symposium will be the perfect set up to showcase recent research and present results on the
individual projects. However, many of the objectives that we want to pursue regarding neotropical bamboo
research would highly benefit from a follow-up meeting where researchers can synthesize knowledge,
express their opinions, and engage on further discussion.

On this working group we propose to review some of the main topics discussed at the symposium and
address some of the risen debates. The main objectives that will be addressed during the symposium and this
follow-up workshop are 1) the distribution of neotropical bamboo ecosystems and species; 2) the linkages
between bamboo taxonomy and ecology; 3) anthropogenic influences on bamboo conservation status; and
4) the influence of bamboo on forest dynamics. For example, on the symposium, several researchers will be
presenting studies on the influence of bamboo in forest dynamics in Argentina, Brazil, Peru and Bolivia; on the
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working group, we will offer time to discuss what are the similarities and differences between these forests
and the bamboos that inhabit them, and to consider the possibility of stablishing some collaborative projects
that enlarge our understanding on this topic.

This meeting will provide a great opportunity to integrate current information, identify knowledge gaps,
determine future directions and stablish and strengthen collaborative relations.

Workshop
Game salon: hands-on demonstration of role-playing games for ecology

and conservation
Organizer: Trevor Caughlin
Wednesday July 12th

14:00 hrs

C.I.S. (Fiesta Americana)

The complexity of global environmental challenges will require interdisciplinary research that engages
stakeholders and results in environmental advocacy and policy change. Role-playing games represent a
powerful tool to involve stakeholders in research across a range of fields, including behavioral economics,
complex systems analysis and natural resource management. In this workshop we demonstrate five
role-playing games designed to exchange information, promote discussion, and solicit feedback from
multi-stakeholder groups. These games present land-use scenarios, natural resource management scenarios,
and ecological dynamics in a form that can engage a broad audience, and all have been implemented in
tropical Latin American countries. This workshop will complement Symposium 6-11, titled “Participatory
modeling and games to engage people in science-based conservation,” by providing conference attendees
an opportunity to actually play the board games presented in the symposium. The workshop will encourage
participants to think about using role-playing games through fun, hands-on activities

Workshop

How to publish in high quality scientific journals:
Organizer: Emilie Aimé, Managing Editor, British Ecological Society
Thursday, July 12th

14:30 hrs

C.I.S. (Fiesta Americana)

Submitting to international journals is an important part of a scientist’s career. This interactive workshop is
designed to introduce early career researchers to the process of publishing in international journals,
including how to select the right journal for your work, how to prepare your manuscript, what happens during
the review process and how to respond to decision letters and reviews. It will also briefly cover some common
policies and practices such as data archiving, open access, ethical practices and authorship issues.
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Workshop
Strengthening facilitation skills for conservation: working with others on

the case of jaguar management in Calakmul

Organizer: Sophie Calmé & Lou Lecuyer
Saturday July 8th - Sunday July 9th

This is a one-of-its-kind two-day workshop on facilitation aimed at conservation biologists and local actors
involved in jaguar management. It will have two facets: (1) responding to the lack of training for conservation
biologists and practitioners in group facilitation in order to improve their capacity to work with others, and (2)
providing an opportunity for local actors to get involved by using the real case study of jaguar management
in Calakmul, Mexico, and to work collaboratively on this issue. Jaguar management will be the common
thread of this workshop that will allow actors from diverse sectors to experience integrated learning to
develop future collective actions.

The workshop will be hosted by Yorck Graf von Korff, PhD in political science, a certified facilitator by
the International Association of Facilitators, a mediator (2 years of continuing education at the University of
Bochum/ Germany), and a consultant with 15 years of experience in the design and implementation of
participatory methods. He has designed and implemented participatory processes in international
cooperation, ecosystem and water management, urban planning, scientific cooperation, intra-organizational
change, as well as urban and land planning. For more information, consult http://flow-ing.fr/projects/.

Workshop

Fundamentals of GIS for ecology, and species distribution modeling

Organizer: Alice Hughes
July 15th-1%th
Centro de Investigaciones Cientificas de Yucatan (CICY)

GIS skills are essential to modern day ecologists. No matter what their specialism ecologists have had to
acknowledge that species, and ecological phenomena occur in the real world, and that the relationships exist
between environmental factors and other species can only be properly understood by acknowledging the
spatial relationships and therefore by using GIS techniques.

Species distribution modeling techniques also represent powerful and popular tools to extrapolate from the
known records of a species distribution to predict the potential distribution of a species under various
conditions, and better understand factors underlying these distributions.

The workshop aims to; A) train students in fundamental GIS tools and techniques using a number of different
available software programs; B). teach students how to design and implement studies that utilize GIS
techniques, and avoid potentially confounding biases; C). discuss the use of predictive modeling techniques
to spatially project species distributions, using various approaches. D). use predictive approaches to project
species distributions under changing conditions and: E). use various approaches and spatial statistics to
interpret and analyse the results. Further information on the course schedule and structure is available at the
base of this document).

During each part of the workshop students will be asked to reflect on how the approaches can directly be
used in their own studies, and the final %2 day of the workshop will be available for students to start working
with their own data so they have something they can continue to work on following the workshop.

All students will receive a digital booklet compiled for the course that provides explanations for all tasks,
background theoretical material and suggested further reading. Students are also encouraged to bring their
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own data-sets as there will be the opportunity to start developing their own research using the techniques
covered (and any others of interest) in the final afternoon of the four day workshop, or too extend this on for a
final two days for advanced students with data.

By the end of the workshops all participants should have the skills to develop and competently use GIS and
species distribution modeling techniques in their own research.

Each evening during the workshop students can choose to attend a GIS Clinic: and go through their own
study with the instructor on a one to one basis, to design, develop and analyze their own studies-further work
on this will also occur on the final day of the workshop, but these appointments will enable students to
advance their work further in the final day.

Scientific Cafés

The Scientific Cafés are part of a movement promoted by Duncan Dallas in 1998 in England. Currently,
scientific coffees are made in more than 52 countries of the world to generate a spontaneous and more open
discussion with non-specialized public about the way scientific research is done.

Within the framework of the ATBC 2017 Meeting, the Scientific Cafés aim to open a space for informal talks
on various science and conservation issues. These sessions will promote dialogue between students and
academics with diverse interests and points of view for enriching current debates on conservation in the
world's tropics.

The Science Cafés are dedicated to an hour and are open to the public, from 16:00 to 17:00 hrs at KABAH
Conference Room.

*ECOLOGICAL ASPECTS OF MANAGED FORESTS
Monday, July 10th
Marielos Pefia-Claros

*CONSERVATION IN THE ANTHOPOCENE
Tuesday, July 11th
Rodolfo Dirzo

*ECO-HEALTH AND CONSERVATION MEDICINE
Wednesday, July 12th
Alonso Aguirre

*ECOLOGY OF ISLANDS
Thursday, July 13th
Ana Traveset

Soft-skills workshops

*GETTING PUBLISHED IN THE SCIENCES
Monday, July 10th

San Jacinto (Holiday Inn)

Steve Turton
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*PANEL: LESSONS IN CONSERVATION
Monday, July 10th
Santiago (Holiday inn)

*PRESENTATION SKILLS
Tuesday, July 11th
Santiago (Holiday inn)
Alice C. Hughes

*CONSERVATION IN PRACTICE
Thursday, July 13th

Santiago (Holiday inn)

Tony Lynam

Business meetings and special group meetings (By invitation only)

*ATBC COUNCIL MEETING
Saturday, July 8th & Sunday, July 9th
Details sent to the ATBC officers, councilors and additional invited participants.

*BIOTROPICA EDITORS MEETING
Tuesday, July 11th
Invitation to this lunch and discussion event will be sent to all relevant editors of Biotropica.

*2ndFOR WORKSHOP

Organizers: Francisco Mora, Lourens Poorter, Frans Bongers & Danaé Rozendaal
Saturday July 15th - 16th

Centro de Investigaciones Cientificas de Yucatan (CICY)

2ndFOR is a collaborative research network on secondary forests. It focuses on the ecology, dynamics, and
biodiversity of secondary forests, and the ecosystem services they provide in human-modified tropical
landscapes. To date, the network involves up to 100 researchers from 15 different countries, and has
compiled data from up to 1630 plots in 56 sites across Latin America. After two years of work, the network has
published two articles in high impact journals (Nature, Science Advances), with two more under review now.
The aim of this workshop is to define a formal organization of the 2ndFOR network. Network structure and
strategy, data sharing process, funding opportunities, among other organizational topics will be discussed.
The program includes also a discussion of ongoing research collaborations, as well as the identification and
framing of new ones. The meeting will take place after the ATBC meeting, between 15-16 July, at the Centro
de Investigaciones Cientificas de Yucatan (CICY), located in Mérida, Yucatan.

Attendance is by invitation given space constrains. However, if you want to be part of the network by sharing
data, or if you have a nice idea you want to test using the network’ dataset, please do not hesitate to contact
network coordinators, Prof. Lourens Poorter (lourens.poorter@wur.nl), Prof. Frans Bongers
(frans.bongers@wur.nl) or Dr. Danaé Rozendaal (danaerozendaal@gmail.com).
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HIGHLIGHTS

WELCOME CEREMONY & OPENING CONFERENCE
Sunday July 9th, 16:15 - 18:00 hrs

YUCATAN 1 & YUCATAN 2 (FA)

Please join us for our welcome ceremony

WELCOME COCKTAIL
Sunday July 9th, 18:30 hrs
GRAN MUSEO DEL MUNDO MAYA

OPENING WELCOME

Monday July 10th, 09:00 - 09:30 hrs

YUCATAN 1 & YUCATAN 2 (FA)

Please join us for the official opening of the meeting.

ATBC TOWN HALL MEETING

Tuesday July 11th, 18:10-19:10 hrs

YUCATAN 1 & YUCATAN 2 (FA)

ATBC members are kindly invited to meet and discuss various topics such as Conservation, Biotropica,
Chapters, Capacity Building Initiatives, etc. We will have break-out groups and it will be a great opportunity
for members to learn more about what ATBC is doing and how they can get involved.

GROUP PHOTOGRAPH
Wednesday July 12th, 14:10 hrs
Site to be announced.

CLOSING CEREMONY

Thursday July 13th, 18:10 - 19:40 hrs

YUCATAN 1 & YUCATAN 2 (FA)

In this plenary ending session very special and emotive events will take place, including decoration of 2017 ATBC
Honorary Fellows, student awards (Alwyn Gentry Award, Luis F. Bacardi Award, Navjot Sodhi Award), the ATBC Merida
declaration, presentation of the ATBC 2018 Meeting, and goodbye of the Merida Meeting.

CARBON NEUTRALITY

ATBC members voted at the ATBC Morelia 2007 meeting that their meetings should be

carbon neutral, through providing a fee dedicated to supporting regional forest

restoration and / or conservation projects. However, this resolution has not been

applied at all subsequent meetings. After the Merida meeting, the delegates of future

ATBC meetings will be encouraged to contribute with mandatory fees to offset carbon

emissions. In Merida, the contribution will be voluntary and the contribution fees have

been established based on a carbon emission analysis (including the projected energy

expenditure during the meeting, as well as the emissions due to travel of delegates).

The Edinburgh Centre for Carbon Management Ltd (http://www.eccm.uk.com/) carried J IBIOPUUC
out this analysis for the Morelia meeting. For the Merida meeting, we will have very

similar carbon emissions to the ones we had in Morelia. The carbon-offset fee will be US $ 20 for delegates coming
from outside Mexico and US $ 5 for people coming within this country. The money collected will be allocated to
an inter-municipal project in Yucatdn managed by the civil organization JIBIOPUUC that, among several communal
activities, is dedicated to conserving and restoring the largest tract of old-growth tropical forest remaining in the center
of the Yucatan Peninsula (https://www.youtube.com/watch?v=PQUE9Av4%ts, videoclip in Spanish).
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AWARDS

AWARDS FOR STUDENTS AND RECENT PHD DEGREE RECIPIENTS

The Bacardi Awards are open to those who have received a PhD, within 5 years
of the meeting dates.

To be eligible for the Bacardi Award, an applicant must be a non-student member
for 2017 or have just

completed the PhD in Spring 2017. For more information on the award, please
see:

http://tropicalbiology.org/luis-f-bacardi-award/

The Alwyn Gentry Award is presented to a student presenter (one each - oral or
poster). Minimum

qualification is to be a paying student member of the ATBC for 2017. For details
of the award, please see:

http://tropicalbiology.org/alwyn-gentry-award/

Every year the Association for Tropical Biology and Conservation presents
the Navjot Sodhi Conservation Research Award to a student from a developing
country conducting research in tropical conservation biology. This award is in
remembrance and recognition of the contributions of our colleague and
friend Navjot Sodhi, who inspired many students and colleagues with his passion
for research and the conservation of tropical biodiversity. The selected recipient
will receive a cash award (typically up to $500) to be used towards
research-related expenses.

NEW PHYTOLOGIST
News Phytologist Poster Prize will be presented to the Best Poster.
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HONORARY FELLOWS

ATBC

ATAN MEXICO

In 1963, the Council of the Association for Tropical Biology and Conservation (then known as the ATB)
established the selection of Honorary Fellows — “persons of long distinguished service to tropical
biology.” This is the highest award given by the Association; to date more than 80 Honorary Fellows
from over 15 countries have been elected by the Council. For the ATBC 2017 Meeting, two world-wide
recognized fropical biologists will be honored with this distinction: Dr. Ariel Lugo and Dr. Rodolfo Dirzo.

Dr. Ariel Lugo

Dr. Ariel Lugo, currently the Director of the International Institute of Tropical
Forestry, Puerto Rico, has been calling attention to the dynamic nature of tropical
forest ecosystems throughout his career. Dr. Lugo is a tour-de-force in tropical
biology with more than 500 publications and more than 25,000 citations to his
work. He has been at the forefront of a shift in tropical biology—transporting it
from a focus on “pristine” primary forest sites to a recognition that people
profoundly shape and influence tropical ecosystems. His most recent work has
emphasized the Anthropocene, novel ecosystems, and urban ecology, based on
his experience with forest recovery in Puerto Rico. At one time, these ideas felt
controversial, but he was not afraid to stir the pot and address controversial
subjects head-on. While some may disagree with his perspectives, he engages
all in a civil discourse based on evidence. Now most tropical ecologists fully
recognize the Anthropocene, and it is clear that Dr. Lugo was ahead of his time.
This forward-thinking approach not only occurred with his more recent global
change work, but in his earlier emphasis on tropical secondary forests, the role of
plantations in restoration, introduced species, and even his systems-level
approach to ecology which was catapulted by measuring biomass in tropical
forests. He has consistently chosen subjects and study sites that have not been
viewed as glamorous (dry forests, mangroves, secondary forests) and shown their
enormous ecological value.

As Director of the International Institute of Tropical Forestry, he threw the USDA
Forest Service into the international spotlight combining the best of basic
science with application, seamlessly. He provided tremendous opportunities to
his staff, university faculty and students, and the general public. Dr. Lugo has
spearheaded the development of the excellent infrastructure available at the
International Institute of Tropical Forestry (IITF, USDA) and has mentored the staff
into an impressive team. He is also a strong advocate for women and minorities
within science. If there is someone who he believes has potential, he will work
tirelessly and often behind the scenes to bolster that person’s career. He believes
in making investments in people. One of the main characteristics of Dr. Lugo is
that he is driven by the quest for knowledge. He challenges others in this vein for
a deep understanding of ecology. He is a deep thinker who has advanced
tropical ecology into a 21st century perspective. He has been strongly involved
in ATBC, having served on the ATBC Council in 1986-1986 and as ATBC
presidentin 1991, and continues to attend meetings regularly.
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Dr. Rodolfo Dirzo

Dr. Rodolfo Dirzo is currently the Bing Professor in Environment Science and the
Director for the Center for Latin American Studies at Stanford University. He is
well known for demonstrating the importance of trophic interactions for the
ecosystem functions of tropical forest ecosystems. He has published prolifically.
Through 15 edited volumes, more than 125 articles in peer-reviewed journals
and more than 50 book chapters, Dr. Dirzo has made fundamental contributions
to basic research into plant-animal interactions in tropical forests and explored
the consequences when human activities disrupt those interactions. His research
contributions have been recognized in his appointments as Member of the
Mexican Academy of Sciences, Foreign Associate of the US National Academy of
Sciences and Foreign Member of the American Academy of Arts and Science. In
1992, he was one of the key promoters of creation of the National Commission
for Knowledge and Use of Biodiversity (CONABIO) of the Federal Government of
Mexico, which presently has become a world reference in promoting basic and
applied science research, compilation and informatics of biodiversity, public
outreach of information and knowledge to society as a whole, among other
activities.

Dr. Dirzo is an extraordinary teacher and mentor. Overall, he has served as the
major advisor of 32 BSc students, 10 MSc students and 21 PhD students. Thirty
students worked in his lab in the National Autonomous University of Mexico
(UNAM) simultaneously in the early 2000s. Besides the high number of regular
courses he has tough in UNAM, Stanford University and other academic
institutions, Dr. Dirzo has participated in 29 courses with the Organization for
Tropical Studies, generously helping to train a generation of tropical biologists. In
outreach activities, Dr. Dirzo has published more than 20 popular articles that
make tropical forest science accessible to a wider audience and made more than
550 presentations in Mexico and more than 200 presentations in the USA and
other countries. This public outreach is a crucial contribution in our troubled
political times. We can no longer assume that science will inform public policy. In
this context, Dr. Dirzo continues to reach out to the public to counter
misinformation. Finally, it should be noted that Dr. Dirzo has been a long-time
supporter of ATBC. He served as Program Chair for the 1991 and 1994 ATB
meetings held in San Antonio, Texas (Unites States) and Guadalajara, Mexico,
respectively, served as President of ATBC in 1994, served as member of the
ATBC Council in 1991-1992, and continues to attend ATBC meetings regularly.



Uxmal and San Antonio Mulix, Yucatan

Just 48 miles from Merida sits one of the most majestic pre-Hispanic ruins of
Mexico: Uxmal, considered by many archaeologists the epitome of late Mayan
architecture. For its monumental structures, the exquisite details of its facades, and
excellent state of preservation, this ancient city was declared a World Heritage Site
by UNESCO in 1996.

The ruined hacienda of San Antonio Mulix is not far from Mérida around 49
kms after leaving The Periferico. There are two cenotes: X-Batin and Cenote
Dzonbacal. A cenote is a natural pit, or sinkhole, resulting from the collapse of
limestone bedrock that exposes groundwater underneath. Especially associated
with the Yucatén Peninsula of Mexico, cenotes were sometimes used by the ancient
Maya for sacrificial offerings.

The objective of the trip is to combine the rich cultural past of the area
(Uxmal) and the typical landscape of the northern region of the Peninsula and
especially its karstic landscape and its cenotes.
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Xcamboé Archaeological site and surrounding ecosystems

The northernmost portion of the Yucatan peninsula is an island of dry ecosystems surrounded by the
sea to the north, east and west, and humid ecosystems to the south. Such isolation means the region
is home to many endemic taxa and interesting vegetation associations. From N to S we first encounter
the coastal dune, then saltmarshes, mangroves and coastal lagoon, which is home to rich and
beautiful bird communities that include flamingos, herons, and storks and endemics like the Yucatan
Wren and Mexican Sheartail Hummingbird. The Yucatan Calichal follows; it is the driest ecosystem in
the Peninsula and occurs over a sheet of impermeable rock. It is the home of an alternating extremely
dry/partially flooded ecosystem. Further south is tropical dry forest. Arguably, the most interesting of
all these ecosystems is the Calichal, where about one-half of the Peninsula’s endemic plant species
occur. On this field trip, we will visit the Xcambé Archaeological Zone and surrounding areas, where
we will see examples of all the aforementioned habitat types. Xcambé dates from the Maya classical
period (250-900 AD) and was an important center of salt production and distribution. It is surrounded
by salt marshes, mangrove, and water springs. Along the way, we will see the coastal lagoon with its
teeming bird life. Then we will head south approximately 5 km to explore tropical dry forest with
populations of the endemic Beaucarnea pliabilis (Despeinada) and the locally endangered Guaiacum
sanctum (Guayacan, Hollywood lignum vitae). Then we will return ca. 4 km northbound to a site where
the Calcichal is well-developed with most of the succulent plant species of the Yucatan Peninsula. We
will end the tour with a delicious seafood lunch in the nearby village of Chichxulub, which gave its
name to the meteor that is suspected to have caused the extinction of the dinosaurs. Accompanying
you on the trip will be experts on the region’s botany and avifauna.

El Cuyo- Ria Lagartos Biosphere Reserve

The trip will visit the birding hotspot of El Cuyo inside the Ria Lagartos Biosphere Reserve. Our
birding site is known as "Paraiso Escondido" or "Hidden Paradise," an ecotourism and conservation
ranch adjacent to the reserve. The ranch's bird list includes 189 species; you will have the possibility
of seeing all of the Peninsula's non-island endemics and quasi-endemics like the Mexican Sheartail
Hummingbird, Yucatan Wren, Orange Oriole, and Black Catbird. The rancho includes 8km of birding
trails that cover three major vegetation types: mangrove, semi-flooded lowland forest, and medium
subdeciduous forest. There is also a wetland with two observation towers. On the trip, we will be
accompanied by a certified guide. In addition to birding at the ranch, we will take a boat tour of the
coastal inlet where are almost guaranteed to see flamingos and other waterbirds. There will also be
free time to spend in the village of El Cuyo and at its beautiful beach. Housing will be in very
comfortable cabafias on the ranch, with private bathrooms and 24 hour electricity. On the way back to
Merida, we will have time to go for a swim in a "cenote" or water-filled sink hole. The trip is
co-organized with Pronatura Peninsula de Yucatan (www.pronatura-ppy.org) a local conservation
organization.
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Kaxil Kiuic Biocultural Reserve

The Kaxil Kiuic Biocultural Reserve is an area of 1800 ha with little recent human influence located in
the Puuc region of Yucatan. However, there is evidence of human settlements which date back 3,000
years and there is a great diversity of flora and fauna, all of which makes it an important area in which
humans can learn about both the Mayan civilization and nature.

The reserve harbours an important archaeological site (Kiuic), and constitutes an Environmental
Management Unit, managed by Kaxil Kiuic A.C. It is a living laboratory where research and education
are carried out to disseminate knowledge and to help sustain the reserve's biological and cultural
resources.

The vegetation is classified as seasonally dry (semi-evergreen) tropical forest, most of it old secondary
(> 60 y of abandonment after traditional shifting agriculture), with a 10-15 m-tall canopy. The reserve
is part of an intensive carbon-monitoring site which harbors an eddy-covariance flux tower, as well as
forest inventroy and carbon monitoring plots managed by the Scientific Reserach Center of Yucatan
(CICY).

The objective of the trip is to visit and learn about both the past and present Mayan cultural
background (there is an active and ongoing archaeological research program in the reserve, which is
surounded by living Mayan communities), and the biodiversity it harbours, as well as about the
long-term biological research carried out in it, including plant physiological, botanical and ecological
studies on forest structure, diversity, composition, successional dynamics, and carbon dynamics.

Cenotes

The diversity and biomass of the underwater cave restricted fauna (stygofauna) in the Yucatan
Peninsula (YP) is dominated by 45 crustacean species out of a total of 47 freshwater and anchialine
species described at the time (Alvarez & lliffe 2008; Alvarez et al. 2015). The trophic structure of
anchialine systems is simple and composed by a small number of levels with few species. Pohlman et
al (2011) suggest only three trophic levels: Producers, including: photosynthetic, aphotic
chemosynthetic and detrital organisms, primary consumers and generalist or opportunistic predators
and scavengers.

Nutrients and organic matter can reach the anchialine systems by several processes: lixiviation and
filtration of the surrounding soil into the cenote and aquifer (Pohlman et al. 2000), brought into the
cenotes by other external organisms, or may be produced in the cenotes or caves. Primary production
in caves is limited and is generated by photosynthetic organisms that thrive exclusively in the sunlit
cenotes or by chemosynthetic prokaryotes that occur in caves. Primary consumer stygofauna in the YP
is mainly composed of crustacean species (Alvarez & lliffe 2008) which have specialized filtering or
scavenging feeding strategies, either on the benthos or the water column. Predators in these
ecosystems are the larger crustaceans and fish.
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Merida City tour & foodie experience Mérida, Mérida

Discover the main historical buildings of Mérida, such as: the Cathedral of San lldefonso, Governors
Palace, home of the founder of Mérida Francisco de Montejo and the majestic Avenue of Paseo de
Montejo making stops along the way to enjoy the traditional Yucatecan gastronomy through its
delicious fresh bread, fresh water and a yucatecan craft beer accompanied with typical snacks.

Izamal Magic town of Mexico

lzamal is a beautiful colonial town founded in the middle of the 16th century on the vestiges of an
ancient Mayan city; Its most important building, the Convent of Our Lady of Izamal, was built on the
ruins of a Mayan shrine called Pap-hol-chac. In 1992, Izamal received the visit of St. John Paul Il, who
celebrated a memorable mass in the great atrium that precedes the temple of the Immaculate
Conception and the former Convent of San Antonio de Padua.

Uxmal & lunch at Hacienda Ochil

Visit to the archaeological site of Uxmal, one of the most powerful and beautiful Mayan cities. Its name
means "the three times built" thanks to the fact that it had to be rebuilt three times during its time. The
guided tour of the archaeological site is approximately 2 hours where you will admire the architecture
made up of palaces and buildings with multiple details. After the visit you will enjoy a delicious lunch
at Hacienda Ochil where you will be able to enjoy a great variety of our Yucatecan gastronomy.

Chichen Itza & Cenote Ikkil

The pre-Hispanic city of Chichen Itza was the most outstanding capital of the Maya area, at the end of
the Classic period and the beginnings of the Postclassic period. The cenotes were sacred places for
the Mayas, representing the gateway to the underworld (place where their gods lived).

Hacienda & Cenote Experience

During the visit to the Hacienda Viva, visitors will be able to travel in time, transported on wooden
platforms called "trucks" which are pulled by "mules" on rails of Decauvillem as originally used by
workers. You will be able to witness every step of the transformation process of the Henequén (also
called Green Gold in the region), from the fiber plant, and from the fiber to the finished product.

Pink Flamingos & bird watching at Celestin

One of the best beaches in Yucatan with the particularity and color that gives you more than 300
species that inhabit the reserve, especially pink flamingo. Enjoy a tour of the celestun estuary aboard
a boat managed by a guide of the biosphere who will take you to see the pink flamingo and the
freshwater eye that emerges as an oasis in the middle of the salt water. At the end of the tour you will
enjoy a delicous meal in front of the sea.
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Science for the Conservation of Mexican Hummingbirds

Maria Del Coro Arizmendi'*, Humberto Berlanga?, Claudia Isabel Rodriguez-Flores!, Victor Vargas Canales?, Leobardo Monroy Leyva', Rafael Lira

Saade!
FES lIztacala, Universidad Nacional Autdnoma de México; 2NABCI, CONABIO

*Correspondence Author. E-mail: coro@unam.mx

Background: Hummingbirds represent an avian family restricted to the Americas that feed mainly on nectar obtained from ornithophilous plants. In North America
(Mexico-USA-Canada) 58 species have been reported out of the 330 total hummingbird species, all of them occurring in Mexico. Methods: In this work we analyzed
the distribution of hummingbirds in relation to the coverage of the natural protected area system in Mexico using a complementarity analysis to assess the minimum
set of areas needed to protect all species. We focused our search mainly to biosphere reserves as these areas have complete bird lists. Results: Six biosphere
reserves included 93% of the hummingbird species. Four species were not included in any biosphere reserve or other natural protected area. To preserve those
species three important bird areas (AICAS as they are known in Spanish) are needed. With these 9 areas all hummingbird species are included. Hummingbird
distributions can be classified in six groups that distribute following the major biogeographic regions described for Mexico including groups using i) the main mountain
ranges, the tropical dry forests in both ii) Pacific and iii) Gulf of Mexico slopes, iv) the humid tropical forest in southern Mexico, and both v) Yucatan and vi) Baja
California peninsulas.

Keywords: hummingbirds, protected areas, Mexico, Conservation
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Bees as pollinators, conservation policies and their management in Mexico

Ricardo Ayala™

'Estacion de Biologia Chamela, Universidad Nacional Autbnoma de México

*Correspondence Author. E-mail: rayala@ib.unam.mx

Bees (Hymenoptera: Apoidea) represent an important group of pollinators, which in recent decades has been affected by a combination of factors, reaching serious
levels in some parts of the world. Globally, about 20000 species of bees are known. In Mexico are known six families, 141 genera and 1908 species, a number that
can reach 2500 species. In the last 30 years, bee studies have been increasing in Mexico, with research on taxonomy, bees fauna, biology and pollinators, but most
of these in the center of the country and areas with tropical dry forest. However, more work is needed on ecological aspects and pollination, considering that the
management of bees as pollinators in greenhouse, has been increased in the last 15 years, especially with the use of Bombus species, introduced in Mexico.
Representing an important economic entrance for the country, with crops as tomato, eggplant, green pepper among others. Howev er, there are still many Mexican
bee species with potential to be used in agricultural pollination, as Bombus, Megachile, Osmia, Xylocopa and Melipona. But Apis mellifera, is still the most important
pollinator, and is currently facing a crisis in Mexico, after the use of neonicotoids and the arrival of diseases such as Varroa, Nosema, AcarApis, American loach
(Paenibacillus larvae) and beetle of hives (Aethinia tumida). In natural communities, management strategies are required to promote the conservation of native bee
fauna, especially in areas with agriculture, and when crops require natural pollinators, as many cucurbitaceae, Solanaceae or various fruit trees (Apple, avocado,
mango, coconut, etc.). In Mexico, more than 100 plant species are cultivated and many of them are native, and closely related with their pollinators. Mexico is also
affected by the crisis due to loss of pollinator diversity, which is a result of changes in land use, deforestation, use of insecticides and diseases. With this, both
communities of native bees, as well as species managed in agriculture, or with potential for their use, of the genera Bombus or Melipona and NannoTrigona, and of
Apis mellifera, this last, in the previous two years, has suffered serious losses in Mexico, after the use of new insecticides was approved, with catastrophic effects,
which result in the loss of honey bee colonies. In addition, in southwestern Mexico beekeepers already face the problem, using transgenic crops, which affects the
export of apiculture products

Keywords: Bees, Bumblebees, Pollinators, pollination
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Save our bats, save our tequila. Industry and science working for pollinators

Roberto Trejo™, Roberto Trejoz, David Suro3, Luis Eguiarte?
"Instituto de Ecologia, Universidad Nacional Auténoma de México; 2Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autonoma de México; 3 Tequila
Interchange Project
*Correspondence Author. E-mail: medellin@iecologia.unam.mx

Background: Plants of the genus Agave are very diverse and heavily used by humans to produce alcoholic beverages such as tequila and mezcal. Agave has
coevolved with nectar-feeding bats, and in several cases, bats are the main functional pollinators in this ecological relationship. But with growth in the demand of
Agave-derived products, management practices have reduced dependence on bat pollination, using instead clonal shoots to replant fields and harvesting plants
before flowering, thereby negatively affecting both bats (by decreasing food availability) and Agaves (by deleting pollination and thus lowering their genetic diversity).
Methods: We approached the industry to explain the risks incurred in these practices and describe bat-friendly practices to explore possibilities to incorporate them
into the production system. We compiled data about the pollination biology of Agave to infer how many bats could use the available resources, if Mezcal and Tequila
producers allowed 5-10% of Agave crop inflorescences to flower based on a linear projection using Agave angustifolia (a sister group of A. tequilana). The idea was
well-received and we developed a proposal to producers to allow only 5% of the plants to flower in their fields per hectare (approximately 222 individuals in one
hectare). If the producers adopt these practices, then the University of Mexico (UNAM) and the Tequila Interchange Project (TIP) will provide a label indicating that
the distilled was produced using bat friendly practices. Results: Several producers agreed to our proposal and we launched 300,000 bottles of bat friendly tequila.
Depending on nectar concentration and total volume, 222 Agaves in one hectare would allow a minimum of 89 individual bats to feed every night during the flowering
period. Discussion:. If we extrapolate this percentage to the total area of the Tequila Denomination of Origin, allowing 5% of the current total population of A.
tequilana reproductive Agaves to flower could feed over 2 million nectar feeding bats per month. This process may well turn into the industry standard given the
reaction obtained from several producers and more are joining the program. An even better system in terms of their impact on biodiversity is that of some mezcals in
which these are not produced in a monoculture system.

Keywords: bats tequila Agave pollination Mexico
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Resilient pollinators mitigate effects of disturbance in the most important
Amazonian fruit crop

Alistair John Campbell, Marcia Motta Maues?, Luisa G. Carvalheiro®, Rodolfo Jaffe Ribbi', Tereza C. Giannini4, Madson A.B. Freitas?, Cristiano
Menezes?
Botany Department, Embrapa Amazonia Oriental; 2 Embrapa Amazonia Oriental Entomology; ® University of Brasilia Department of Ecology; “Sustainable Development, Vale Institute of
Technology; 5 Federal University of Pernambuco

*Correspondence Author. E-mail: alistaircampbell87@googlemail.com

Background: Scientific knowledge underpins sustainable land use but is often lacking in tropical regions. In the Amazon estuary, large areas of native floodplain
forest, and increasingly, upland habitats are being converted into intensive production units of the agai palm (Euterpe oleracea Mart.) to meet growing demand for its
fruit. However, the impacts of these changes on pollinators and pollination services remain critically understudied. To addre ss knowledge gaps, we identify effective
pollinators among flower visitors, and assess impacts of anthropogenic disturbance at different scales on pollinators. Methods: We studied 18 areas (9 floodplain
forest, 9 upland plantation) being managed for agai production across a gradient of local management intensity (agai stems per ha) and surrounding forest cover (33-
86% at 1 km radius) in Paré state, Brazil. Visual observation of flower-visiting insects was used alongside assessments of insect pollen loads and fruit set to isolate
effects of pollinators on fruit set. Results: The inflorescences of E. oleracea were visited by 197 insect morphospecies (‘ms'), mainly from the orders Hymenoptera
(100 ms, 78.2% of visits), Diptera (38, 17.8%) and Coleoptera (56, 2.6%). Fruit set was positively related to curculionid beetle visits, and overlap between visitor
communities of male and female inflorescences (similarity, shared visitor abundance = other pollinators). We found no difference between management systems, or
any effect of forest cover on overall visitor abundance, but observed a negative effect of agai density. In contrast, beetles (low pollen loads) and other pollinators
(high pollen loads) were unresponsive effects at either scale, but visitation by the most abundant bee pollinator, Trigona branneri (13% of total visits), was both
negatively related to agai density and positively related to forest cover at 1 km radius. Discussion: Agai palm is pollinated by a diverse array of insects including
bees, wasps, flies and beetles, that when considered together, are resilient to changes in management intensity at both local and landscape scale. However, loss of
important bee pollinator taxa at both local and landscape scales due to anthropogenic disturbance demonstrates both the pervasive impacts of intensive agai
cultivation on tropical entomofauna and the need to preserve surrounding undisturbed forest habitats to maintain pollinator diversity in land parcels being managed
for agai production.

Keywords: pollination; sustainable agriculture; Amazonia
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Land sharing and agricultural investments: to conserve pollination services and
crop yields

Juliana Hipdlito!", Blandina Viana?, Lucas Garibaldi
'Ecology, UFBA; 2Zoology, UFBA; 3 UNRN; Ecology, UFBA Ecology

*Correspondence Author. E-mail: juhipolito@gmail.com

Background: Sustainable livelihoods and human well-being depend on multiple anthropogenic and natural assets (stock of materials or information that exists in a
point in time). However, the simultaneous and multiple impacts of land-use decisions on these assets are often ignored specially when evaluating agricultural
efficiency in agricultural production. Effective methods to assess ecosystem services could increase the potential to detect "win-win" scenarios considering nature
security and farmers profit. Moreover these methods could convince and persuade multiple audiences specially those unwilling to change. Methods: In this study,
we focus on pollinator-friendly practices (PFP: practices that intend to increase the abundance and diversity of natural pollinators) to quantify the multi-dimensional
value of land-use decisions and to address potential synergies and trade-offs among assets. We combined socio-economic and ecological methods (with
questionnaires and field data on flower visitors) to quantify natural (pollinator richness) and anthropogenic (human, physical, social, and financial) assets in 30 coffee
plantations with a gradient in the number of PFP in eastern Brazil. Result. We found that farms with greater PFP exhibited higher flower visitor richness and yield
(productivity). Furthermore, larger coffee crop areas on the other hand, had lower number of PFP. We also found that in farms were owners working actively on the
land a greater number of PFP were exhibited than those farms in which farmers were working in the management of the farm. Discussion: Our results reveal how
the abundance of PFP enhances flower-visitor species richness in coffee, and detected the most important physical, financial and human assets that increased
these. Our results highlight that land-use decisions oriented toward enhancing natural assets can also provide the highest levels of financial assets generating
synergies between biodiversity and crop yield. Cumulative knowledge acquired by producers should also be important and results are independent from the size of
the farm, as large farms could increase the number of PFP without a decrease in production. In that manner it is possible to generate win-win scenarios between
biodiversity, crop production, and farmers' profitability. PFP could be used as a general framework to achieve sustainable crop intensification.

Keywords: Conservation, Pollinators, Crop-yield, Socio-economic, Pollinator-friendly
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Coffee pollination: pollinator diversity and ecological intensification.

Carlos Vergara®
'Ciencias Quimico-Biologicas, Universidad de las Americas Puebla

*Correspondence Author. E-mail: carlosh.vergara@udlap.mx

Coffea canephora or Robusta and C. arabica are grown in Mexico. Robusta coffee requires cross-pollination, while C. arabica is self-fertile, but yield and quality
increase with entomophilous pollination. Four aspects of coffee pollination were studied: 1. Effects of insect pollinator diversity on fruit production along a gradient of
management systems from low-impact to high-impact. Pollinator diversity should be higher in low-impact systems and fruit production is positively related to pollinator
diversity, so low-impact plantations should have higher fruit production than high-impact plantations. Low-impact systems have higher species richness and relative
diversity of pollinators than high-impact systems. Fruit production was positively related with species richness and diversity of pollinators and it was higher in low-
impact than in high-impact systems. Diversity of insect pollinators is influenced by the management system and has strong consequences on fruit production. 2.
Potential impacts of A. mellifera on the diversity of coffee native pollinators and on production. The abundance of A. mellifera and diversity of native pollinators were
assessed at shade coffee plantations and pollination experiments were conducted to determine the impacts of pollinators on fruit production. Regression analyses
were used to assess whether the abundance of honey bees was related to native pollinator diversity, and whether fruit production was influenced by the diversity of
pollinators and the abundance of A. mellifera. Native pollinator diversity decreased as the number of honey bees increased. An increasing abundance of A. mellifera
was correlated with a decrease in fruit production. Native pollinator diversity is better preserved if beekeepers reduce the number of hives they bring to plantations. 3.
Bee fauna of flora associated with organic coffee. Bees were collected visiting 56 herbaceous plant species in 4 sites of a shade coffee farm, 182 bee species were
found. This high diversity of bees emphasizes the importance of low-impact management in the preservation of insect pollinators. 4. Potential use of bees as
biovectors to control insect pests in coffee. Honey bees have been used as vectors of entomopathogenic fungi in different crops. The results of preliminary trials
being conducted in different countries in order to use bees to help control the coffee bean borer through the use of Beauveria bassiana and Metarhizium anisopliae
are reported.

Keywords: Coffee pollination, management systems, biovectoring
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Exposure to the ledf litter microbiome of healthy adults protects seedlings from
pathogen damage

Natalie Christian®, Edward Allen Herre2, Luis C. Mejia2, Keith Clay?

'Department of Biology, Indiana University; 2Smithsonian Tropical Research Institute & Institute for Scientific Research and High Technology Services

*Correspondence Author. E-mail: nschrist@indiana.edu

Microbiome research is increasingly showing linkages with host health, but it is unclear what factors shape community assembly of microbiomes in nature, and how
differential outcomes of assembly affect hosts. Every plant species examined to date hosts a diverse, environmentally-acquired fungal microbiota. Experiments in
which one or a few of these component fungi are artificially inoculated into host plants show that individual members of the fungal microbiome can affect host
physiology and fitness. Here we show that manipulating community assembly of the fungal microbiome in a tropical forest, by varying local sources of colonizing
spores and vertical stratification of microsites, has pronounced consequences for host health. Specifically, our results indicate that exposing seedlings to leaf litter
derived from healthy conspecifics enriches seedlings with component microbial species that enhance host pathogen resistance, comparable to maternal transmission
of a healthy microbiome in human infants. Using both Next-Generation Sequencing and Sanger sequencing methods, we found large differences in fungal
microbiome community structure, diversity, and species dominance, caused by highly localized changes in leaf litter and canopy position. Taken together, our results
suggest that variation in microbiome assembly can drive positive feedbacks in hosts. Ecologically, this produces a "reverse Janzen-Connell” effect, where exposure
to the microbiome of healthy conspecific adults increases seedling fitness. More broadly, our results suggest agricultural strategies that have the potential to reduce
crop losses with smaller economic and environmental costs than current practices.

Keywords: endophytic fungi; Janzen-Connell; Theobroma cacao
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The effects of drought on tropical dry forest shelter-building caterpillars

Christina Baer'", Hannah Franko?, Patricia Parker?, Robert Marquis'
Department of Biology, University of Missouri-St. Louis;

*Correspondence Author. E-mail: baerc@umsl.edu

Background: Neotropical dry forests have been heavily impacted by human activities such as forest degradation and fragmentation. Anthropogenic climate change
is also affecting the El Nifio-Southern Oscillation and therefore the frequency, amount, and variation of precipitation available to tropical dry forests. Here, we
investigated how the host plant use, abundance and parasitism of three common shelter-building caterpillars differed between drought (El Nifio) and non-drought
years at Palo Verde Biological Station (PVBS) in Guanacaste, Costa Rica. Shelter-building caterpillars, which build shelters using silk and leaves, are abundant and
diverse group of herbivores, particularly in the dry tropics. Methods: Data on three common shelter-building caterpillar species (Calpodes ethlius, Urbanus dorantes,
and U. proteus; all Hesperiidae) were collected May-August, 2013-2016 at PVBS. Caterpillars were collected and reared until they either eclosed or died. If
caterpillars were killed by emerging parasitoids, the parasitoids were also reared. Natural history data, including host plant phenology and the oviposition activity of
adults, were also collected. Dead caterpillars and parasitoids were preserved in 95% ethanol. All apparently unparasitized caterpillars were dissected to check for
immature parasitoids, and all caterpillars and parasitoids were DNA barcoded to confirm their identities and parasitism status. Precipitation data from PVBS were
downloaded and the effects of precipitation and caterpillar species on parasitism were analyzed using logistic regression. Results: There was no significant effect of
precipitation on parasitism, although there were significant species-specific differences in parasitism (p < 0.001). While the ENSO-related droughts affected the
caterpillars and their parasitoids equally, they did alter host plant phenology and use, as well as decreasing caterpillar abundance (p = 0.001) and delaying their
appearance. Discussion: The consistency of parasitism regardless of drought suggests that these caterpillar and parasitoid populations are tightly linked and their
relationship is unlikely to be altered by climate change. However, the abundance and success of the shelter-building caterpillars are likely affected both directly by
drought and indirectly though their host plants. Some caterpillar shelters may provide protection from environmental factors, but they cannot protect caterpillars from
changes in phenology and host plant availability.

Keywords: plant-insect; Lepidoptera; butterfly; natural enemies
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Thermal tolerance of plant - insects interactions: implications for global
warming

Carlos Garcia-Robledo™, Erin K Kuprewicz!, W. John Kress2, Terry L. Erwin', Charles L. Staines?
Ecology and Evolutionary Biology, University of Connecticut; 2Botany, Smithsonian Institution; 3Entomology, Smithsonian Institution;

*Correspondence Author. E-mail: carlos.garcia-robledo@uconn.edu

Background: The critical thermal maximum (CTmax), the temperature at which motor control is lost in animals, has the potential to determine if species will tolerate
global warming. CTmax estimates the relative tolerance of insect species to high temperatures. However, CTmax values do not represent the actual temperatures at
which insects will be able to survive. To determine the effects of temperature increase on population dynamics, we need to estimate how vital rates such as
survivorship and fecundity are affected at multiple temperatures. Methods: Combining physiology experiments, demographic analyses, and DNA barcoding, this
study explored how CTmax, Survivorship, and fecundity varies among species and populations of a group of diverse tropical insect herbivores, the rolled-leaf beetles,
across elevational gradients. Data from 6,948 field observations and 8,700 museum specimens were used to map the elevational distributions of rolled-leaf beetles
on two mountains in Costa Rica. CTmax was determined for 1,252 individual beetles representing all populations across the gradients. DNA barcodes (CO1) revealed
significant cryptic species diversity. Results: In general, species found at middle elevations and on mountaintops are less tolerant to high temperatures than species
restricted to lowland habitats. Species with broad elevational distributions display high CTmax throughout their ranges. We found no significant phylogenetic signal in
CTmax, geography, or elevational range. Conclusion: Ongoing demographic experiments suggest that a small increase in temperature reduces egg, larval, and adult
survival in insects at both low and high elevations. The narrow variance in critical thermal maxima for most rolled-leaf beetles, especially high-elevation species,
suggests that the risk of extinction of insects may be substantial under some projected rates of global warming.

Keywords: Insect herbivores, global warming
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Wildlife diets and microbiota: climate and African megaherbivores shape
ecological networks

Tyler Kartzinel"
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*Correspondence Author. E-mail: tyler_kartzinel@brown.edu

Background: Understanding how anthropogenic perturbations alter species-interaction networks is vital for predicting changes to ecological functions. However, it
has been traditionally difficult to characterize complex species interaction networks. This presentation integrates large-scale field experiments with DNA-based
analyses of interactions between African large herbivores (>5 kg), their food species, and their gut microbiota. How do these interactions differ within and among
herbivore species, how do they depend on local climatic conditions, and how does the exclusion of large herbivores "rewire" the interaction networks of smaller
species? Methods: The responses of plants and small herbivores to the exclusion of large herbivores have been characterized using a large-scale experiment
across a natural climatic gradient in a Kenyan savanna since 2008. The diets and gut microbiota of 40 mammalian herbivore species from this savanna were
characterized. Food plants were identified in ~2000 fecal samples using DNA metabarcoding. The gut microbial communities associated with a subset of the se fecal
samples (~600) were compared using 16S rRNA sequencing. Results: Experimental large-herbivore exclusion increases the abundance and alters the composition
of both plant and smaller herbivore communities, the effects of which differ along a natural climatic gradient. Among herbivore species, differences in foraging
strategies and digestive physiologies are associated with strong differences in the composition of their diets and gut microbiota. Within herbivore species, variation in
diet and gut-microbiota observed to date is more closely associated with spatiotemporal variability than the presence of large mammals. Discussion: Human-
induced large mammal declines alter plant-herbivore interaction networks. Mechanistically, the results to date suggest that these changes arise primarily from
differences in the abundance and identity of interacting species, and less so from the role that megaherbivores play in shaping the diets of smaller co-occurring
species (e.g., competitive displacement). By combining DNA-based technologies with large-scale field experiments, this research illuminates fine-grained changes in
species-interaction networks due to major types of anthropogenic perturbations in African savannas.

Keywords: Savanna, herbivores, metabarcoding, microbiome, networks
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The insidious effects of global warming on tropical plant-animal interactions

Erin Kuprewicz", Carlos Garcia-Robledo!
'Department of Ecology and Evolutionary Biology, University of Connecticut;

*

Correspondence Author. E-mail: erin.kuprewicz@uconn.edu

Background: Many tropical plants rely on seed dispersers to colonize new environments they may face under climate change. In a warming world, tropical biota will
rely on elevational migrations to locate habitats that fit their ecological and physical requirements. The objectives of our study are to determine (1) if upslope barriers
currently exist to prevent plant range expansions, (2) if seed dispersers can move seeds into novel habitats to track or outpace global warming, and (3) how
elevational changes affect subsequent seedling survival. Methods: We are investigating if pre- and post-dispersal barriers exist to delimit the ranges of plants on a
tropical mountain in the Los Tuxtlas Biosphere Reserve, Mexico and Braulio Carillo National Park, Costa Rica. Using upslope transplant experiments of natural and
artificial seeds and seedlings at multiple elevations, we are assessing seed dispersal/predation, seed germination success (in the field and lab), and seedling survival
in native and novel habitats. Results: Fates of artificial seeds were not affected by size at either elevation, but artificial seeds had higher survival in lowland forest
compared to pre-montane forest, where terrestrial rodents (Peromyscus mexicanus) consumed most seeds. Astrocaryum mexicanum seeds were preferentially
removed and eaten by squirrels and mice in lowland forests, but not in highland forests. Nectandra ambigens seeds and seedlings suffered high mortality via rodent
seed predation in the highlands compared to their natural habitat in the lowlands. Field germination of seeds in transplanted, upslope habitat did not differ from
germination success in the lowlands. Lowland seeds were able to germinate in high temperatures (up to 35° C in lab incubators ), but were not able to germinate at
temperatures below 20° C. Discussion: The results of this study have implications for understanding plant ranges in a changing world. Some species do not face
post-dispersal barriers to upslope migration and may be able to colonize this habitat to outpace global warming. However other species face pre-existing biotic
barriers to survival at high elevations. If they are unable to colonize novel highland habitats as biomes shift upward, these barriers will prevent successful elevational
migration, resulting in lowland biotic attrition. Altered plant-animal interactions, especially seed dispersal and predation, will play major roles in redefining tropical
plant communities as the world warms.

Keywords: mammal, plant migration, seed dispersal
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Seed disperser loss affects community assembly, species diversity, and forest
structure

Haldre Rogers"", Elizabeth Wandrag?, Amy Dunham3, Evan Fricke!, Ross Miller4
Department of Ecology, Evolution, and organismal Biology, lowa State University; 2 University of Canberra; 3Department of Biosciences, Rice University; 4Tropical Research Center,
University of Guam Westemn Pacific

*Correspondence Author. E-mail: haldre@iastate.edu

Background: Small-scale disturbances in forests are hotspots of recruitment and set the stage for changes in forest composition. In addition, the rate of disturbance
and recovery determines forest structure, or the proportion of forest in a disturbed state. Since 75-90% of trees in tropical forests have seeds dispersed by
vertebrates, dispersal by vertebrate frugivores likely affects regeneration in these areas. However, we lack a mechanistic understanding or ability to predict how
dispersal affects post-disturbance community assembly and recovery. We propose that frugivores promote colonization by non-local species, increasing local species
richness, but decreasing turnover between gaps. In addition, we hypothesize that the pace of recovery and overall forest structure depends on dispersal of quick-
growing pioneer species. Methods: The Mariana Islands offer a unique opportunity to examine the effect of frugivores on gap dynamics. Most tree species, including
all pioneers, rely on frugivorous vertebrates to disperse their seeds, but an invasive snake was introduced to one island (Guam) and caused the functional extirpation
of all native vertebrate frugivores. In contrast, the nearby islands of Saipan and Rota support similar forest to Guam yet still have frugivores. We created experimental
treefall gaps across three islands, and used seed additions or seedling removals in a portion of the gaps to simulate either dispersal or lack of dispersal. We followed
the regenerating seedling community and gap closure for 3.5 years. Results: We found that gaps with dispersal had higher seedling species richness but lower
species turnover between gaps than those that lacked dispersal. Gap regeneration was faster in gaps with dispersal than those without primarily because gaps with
dispersal contained more pioneer species. Preliminary results suggest gaps are closing more quickly in the presence of dispersers, suggesting that a forest without
frugivores will have a more open structure. This is consistent with the observation that there are two to four times more natural gaps on Guam than on islands with
dispersers. Conclusion:: We demonstrate that vertebrate seed dispersal increases species richness, decreases turnover, and can influence the physical structure of
forests, with gap regeneration slowing in its absence. These results suggest that the ongoing loss of biotic dispersers could result in forests that have lower diversity
and more open forest structure.

Keywords: seed dispersal; treefall gaps; frugivory
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Phylogenetic diversity loss does not capture functional diversity loss

Brunno F. Oliveira®, Brett R. Scheffers!, Gabriel C. CostaZ
Wildfile Ecology and Conservation, University of Florida; 2Ecologia, Universidade Federal do Rio Grande do Norte

*Correspondence Author. E-mail: brunno.oliveira@me.com

Background: The loss of species during the Anthropocene is likely to affect trait composition in local communities, possibly disrupting species interactions,
ecosystem processes and services. However, as frait features are often hard to measure, specially for multiple species across vast regions, a common solution is to
use surrogates for such features. In this scenario, it has been assumed that conserving phylogenetic diversity (PD) should yield concomitant conservation of
functional diversity (FD). Although this assumption has faced recent criticisms, it remains seldom verified. Methods: Here, we integrate distribution, phylogeny and
trait data for the majority of amphibians globally to test whether future extinctions are likely to remove similar amounts of PD and FD. Following the IUCN threat
status, we simulated scenarios of future extinctions and estimated expected future loss of PD and FD. We further used a null model to examine whether these losses
would disproportionately depart relative to random species extinction. Using spatial and non-spatial regressions, we tested whether the loss of PD can predict the
loss of FD. Results: The extinction of all threatened amphibians would cause a higher loss of PD then expected by random extinctions, but FD loss would be similar
to random extinctions, regardless of the simulated extinction scenario. However, at regional scales, PD loss and FD loss were highly variable depending on
geographic region. Although current PD was positively correlated with current FD across assemblages, high levels of PD loss in the Neotropical region caused a
decoupling with FD loss. Discussion: Our results challenge the validity of using PD loss as a surrogate for FD loss. Species may not be equivalent in the amount of
unique evolutionary history and ecological functions that would be lost if they become extinct. If arguments for conserving PD are centered on maintaining FD and
ecosystem services, we suggest that future studies should consider whether PD and FD are associated.

Keywords: Conservation, biodiversity, risk, scenarios
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Robustness of mutualistic networks to cascading effects

Marilia Palumbo Gaiarsa®, Paulo Roberto Guimaraes Junior!
'Ecology, Universidade de Sao Paulo

*Correspondence Author. E-mail: gaiarsa.mp@gmail.com

Perturbations, from natural disasters to anthropogenic disturbances, can reshape the structure and dynamics of entire communities, potentially affecting a number of
existing species, their abundances, and interaction patterns. Because particular species play major roles for ecosystem functioning and the services on which society
depends, perturbations that affect these species may alter the functioning of ecosystems. Given the current biodiversity crisis that has been triggered by
anthropogenic impacts, such as habitat loss and climate change, it is crucial to deepen our understanding on the robustness of ecological assemblages to the spread
of perturbations if we are to predict and ameliorate these changes. Here, we use three datasets (empirical data on weighted mutualistic networks, empirical data on
assembling plant-pollination communities, and model networks) to explore the robustness of ecological assemblages to cascading effects. We explore whether
structural metrics associated with network robustness can enhance or dampen cascading effects in mutualistic networks. To do that, we create a perturbation
spreading model and record how long a perturbation takes to spread across the network as a proxy of network robustness to cascading effects. We also evaluate
how metrics related to information flow in networks can assist in the prediction of cascading effects magnitude. Additionally, we investigate if incorporating interaction
strengths affects the magnitude of cascading effects by exploring different extinction driver models. We found a positive relationship to perturbation spreading time
and metrics related to information flow in networks. Thus, metrics related to information flow in networks might help us predict how perturbations will spread in
ecological communities. Additionally, networks are more robust than they first appear when we compare the results we get from the interactions presence/absence
model versus incorporating interaction strengths. And finally, assembling communities seem to be as robust to cascading effects as more mature, established
communities. We discuss the implications of these results to the conservation and restoration of ecological communities.

Keywords: Modularity, nestedness, pollination, complex networks.
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Vertical stratification: a new gradient in biogeography

Brett Scheffers', Brunno Oliveira’
Wildlife Ecology and Conservation, University of Florida

*Correspondence Author. E-mail: brett.scheffers@ufl.edu

Background: Biodiversity is spatially organized by climatic gradients across elevation and latitude. But do other gradients exist that might drive biogeographical
patterns? Methods: In the field, we conducted vertical ground-to-canopy surveys across four continents and then performed a global analysis on vertical stratification
for over 5000 amphibian species. Results: Using data from tropical rainforests of SE Asia, Madagascar and Australia, we will show that rainforests vertical strata
provide climatic gradients steeper than those offered by elevation and latitude. Communities vertically organize along this gradient, which affects current
biogeographic patterns through its interaction with current climate variability as well as historical environmental stability since the Last Glacial Maximum (c. 20,000
years ago). Conclusion: Using outputs from our local to global analyses, | will explain how canopy science offers 1) new insights for understanding p atterns of
species richness and abundance globally, 2) inference about species interactions and community assembly, and 3) a novel biogeographic dimension for predicting
organismal vulnerability to climate change.

Keywords: canopy, climate change, biogeography, arboreal
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Seed disperser loss affects community assembly, species diversity, and forest
structure
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Department of Ecology, Evolution, and Organismal Biology, lowa State University; 2 University of Canberra; 3Department of Biosciences, Rice University; 4Tropical Research Center,
University of Guam Westem Pacific

*Correspondence Author. E-mail: haldre@iastate.edu

Background: Small-scale disturbances in forests are hotspots of recruitment and set the stage for changes in forest composition. In addition, the rate of disturbance
and recovery determines forest structure, or the proportion of forest in a disturbed state. Since 75-90% of trees in tropical forests have seeds dispersed by
vertebrates, dispersal by vertebrate frugivores likely affects regeneration in these areas. However, we lack a mechanistic understanding or ability to predict how
dispersal affects post-disturbance community assembly and recovery. We propose that frugivores promote colonization by non-local species, increasing local species
richness, but decreasing turnover between gaps. In addition, we hypothesize that the pace of recovery and overall forest structure depends on dispersal of quick-
growing pioneer species. Methods: The Mariana Islands offer a unique opportunity to examine the effect of frugivores on gap dynamics. Most tree species, including
all pioneers, rely on frugivorous vertebrates to disperse their seeds, but an invasive snake was introduced to one island (Guam) and caused the functional extirpation
of all native vertebrate frugivores. In contrast, the nearby islands of Saipan and Rota support similar forest to Guam yet still have frugivores. We created experimental
treefall gaps across three islands, and used seed additions or seedling removals in a portion of the gaps to simulate either dispersal or lack of dispersal. We followed
the regenerating seedling community and gap closure for 3.5 years. Results: We found that gaps with dispersal had higher seedling species richness but lower
species turnover between gaps than those that lacked dispersal. Gap regeneration was faster in gaps with dispersal than those without primarily because gaps with
dispersal contained more pioneer species. Preliminary results suggest gaps are closing more quickly in the presence of dispersers, suggesting that a forest without
frugivores will have a more open structure. This is consistent with the observation that there are two to four times more natural gaps on Guam than on islands with
dispersers. Conclusion: We demonstrate that vertebrate seed dispersal increases species richness, decreases turnover, and can influence the physical structure of
forests, with gap regeneration slowing in its absence. These results suggest that the ongoing loss of biotic dispersers could result in forests that have lower diversity
and more open forest structure.

Keywords: seed dispersal; treefall gaps; frugivory
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Tropical ecosystem services

Milena Holmgren®", Edwin Bargeman', Rafael Bernardi', Alice Blok', Morten Bongers', Jasper Buijs', Ivan Hernandez-Salmerén', Henjo De Knegt',

Rocio Martinez-Cillero!, Nestor Mazzeo?
Resource Ecology Group, Wageningen University; 2Centro Universitario Regional-Maldonado, Universidad de La Republica

*Correspondence Author. E-mail: Milena.Holmgren@wur.nl

Background: The implications of tree cover expansion for tropical and subtropical grassland ecosystems are hotly debated but insufficiently understood. The mostly
treeless grasslands of subtropical South America have fascinated ecologists for centuries because these regions have high levels of precipitation potentially enabling
high tree cover. Yet, tree expansion on these grasslands is often perceived as a threat to the provision of ecosystem services, particularly livestock productivity.
Methods: We assessed the effects of tree cover on cattle movement and behaviour, grass forage provision, plant and animal diversity, rates of organic matter
accumulation and decomposition, sail fertility, and microclimate conditions in grasslands in Uruguay. We used a combination of field surveys, field experiments and
monitoring of individual cows using GPS collars. Results: Grasslands are mostly colonized by thorny Acacia caven trees. Under the shade of these trees, we found a
higher abundance of palatable C3 grasses with higher nitrogen content compared to herbaceous communities of the adjacent unshaded grassland. In addition to
forage, trees also provide shelter from harsh environmental conditions. We found that cattle actively seek tree shade especially during hot and windless days or
during cold and windy conditions. Interestingly, solitary trees also facilitate successful recruitment of forest tree species by reducing abiotic stress. Tree cover
expansion from the closed riverine forests into adjacent grasslands forms an ecotone of tree patches. As tree patches increase in size, microclimate becomes cooler
and moister, soils get richer in organic matter, and the community of soil invertebrates becomes dominated by litter decompos ers. This ecotone of tree patches is
characterized by a higher diversity of bird and mammal species than those found under the closed forest and treeless grasslands. Conclusion: Our results suggest
that patchy tree cover would most likely benefit biodiversity as well as animal welfare and production in grasslands allowing the combination of a diversity of
ecosystem services.

Keywords: ecosystem services; grasslands; tree expansion
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Willan Javier Caicedo Alban"", Jenny Ordofiez!, Geovana Carrefio-Rocabado’, Bryan Finegan®, Miguel Cifuentes'
'Centro Mundial De Investigacion Agroforestal Programa Agroforesteria y Agricultura Sostenible, Centro Agronomico Tropical De Investigacion Y Ensefianza;

*Correspondence Author. E-mail: willan.caicedo@catie.ac.cr

Taxonomic tree diversity in different land use types of family farming systems in Nicaragua. Loss of biodiversity due to meet the demand of food production is
negatively affecting ecosystem functions and consequently key ecosystem service. Under this scenery to find productive systems that meet food demand and
conservation becomes a priority, agroforestry systems could fulfill both demands. This study evaluated taxonomical diversity of the woody component (trees and
palms) of family farms comparing sites with different agricultural development and six most dominant productive systems (coffee = CF, cacao = CC, live fences = CV,
basic grains = GB, pastures = PA and patios = PT). The inventory of the woody component was carried outin 171.6 ha using sampling transects of 0.2 ha in a total of
344 |and use from 90 farms in the municipalities of El Tuma - La Dalia and Waslala in Nicaragua. A total of 16 579 individuals belonging to 235 woody species with a
diameter at breast height ~ 10 cm and trees of ~ 5 cm for the genus Citrus were recorded. Sites had a 60% of similarity, Bray-Curtis index, sharing 144 species.
Between land uses the similarity varied between 32% and 58% . Species composition in CV was the most dissimilar in comparison to the other land uses studied. PTs
share about 44% of species with CC and CF, and only between 33-36% with GB and PA. Rarefaction curves and species accumulation showed more species
richness in Waslala than in La Dalia, while the density of species (species per sampled area) did not differ between sites. Species richness and species density per
ha differed between land use types, same pattern than Shannon and Simpson diversity indices There was interaction between agricultural land use and sites: in La
Dalia, CF and CV were more diverse and equitable than in Waslala, but the pattern changed for CC, PA and GB. Patios do not differ in diversity and equity between
the two sites, showing intermediate levels between studied all land uses. The richness accumulated at the landscape level was different both by sites and land uses,
while the richness of species per ha and diversity per plot was only differentiated by land use, evidencing a change in the relative importance of land uses at each
site.

Keywords: Taxonomic tree diversity, land use
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Functional Diversity in Agroforestry Systems of Central America
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Unidad de Biometria, Centro Agronomico Tropical de Investigacién y Ensefianza; 2 World Agroforestry Centre (ICRAF); 3Bioversity International, Costa Rica, CATIE; “Grupo de
Investigacion Produccion Ecoamigable de Cultivos Tropicales PROECUT, Universidad del Tolima

*Correspondence Author. E-mail: vanessa.ruenes@gmail.com

Agroforestry systems (AFS) in Central America are characterized by a large variety of species which provide a wide range of ecosystem services. We evaluated the
functional diversity of AFS related to the provision of ecosystem services such as nutrient cycling as well as carbon sequestration and stock. The research was
carried out using databases from forest inventories of four AFS (coffee, cocoa, trees in pasture and living fences) in Belize, Costa Rica, Guatemala, Honduras,
Nicaragua and Panama. In addition to this, the compiled information of published and unpublished sources of plant functional traits was also used, this data base
allowed to idenfy a set of functional traits to obtain a data matrix as complete as possible which also contained the species of greater abundance in AFS in Central
America. Then, with the selected functional traits as specific leaf area (mm2 mg"), leaf nitrogen (mg g-') and foliar phosphorus amount (mg g-'); maximum height (m),
density of wood (mg g), weight thousand seeds (g), foliar phenology (deciduous and evergreen) and dispersion syndrome (anemochory, autochory, hydrochory,
endozoochory and exozoochory). Six plants functional groups were identified; one of palms and five of trees species. Considering the multivariate vector of the set of
traits, the functional types were denominated i) conservative, ii) conservative of high strata, iii) net acquisitive, iv) acquisitive of low size, v) intermediate acquisitive
and vi) palms. After this, the presence of the plants functional types in each AFS by country was evaluated. The results indicate that groups of conservative species
and palms are present in systems with cocoa in Belize, Honduras and Costa Rica, and AFS with coffee in Honduras and Nicaragua. Conservative high strata and net
acquisitive species are associated with AFS with cocoa in Panama and Nicaragua and with trees in pasture in Costa Rica and Belize. Acquisitive low strata species
are present in the AFS with cocoa cacao in Guatemala, in living fences in Honduras and Panama. trees in pasture are present in Honduras and Panama. The group
of intermediary species are associated with living fences in Nicaragua and Costa Rica, trees in pasture in Nicaragua and coffee in Costa Rica.

Keywords: Functional types plants, ecosystem, multivariate.
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Background: The species-area relationship (SAR) is one of the most fundamental tools in ecology and nowadays it has also become a tool for sustainable
management and conservation. Little has been evaluated to elucidate the best SAR models that explain and predict tree species richness (S) appropriate for
productive landscapes. Trees on farms are present in almost half of the agricultural land in the world (more than 1 billion hectares) and they contribute to ecosystem
functioning and people's livelihoods. Understanding patterns of SAR will help to assess the role that farming systems play in both the maintenance or degradation
caused to ecosystem processes. In this study we aim to understand the tree species-area relationship for productive landscapes and the influences of land use type
and scales. Methods: As part of the CGIAR Research Program on Forests, Trees and Agroforestry we evaluated S in 90 farms (270 farm plots) Nicaragu a-Honduras
Sentinel Landscape. In each plot a complete tree census and a sampling data based on transects were carried out. The full census included 781 ha of cultivated land
for the most dominant land uses: cocoa, coffee, pastures, grains, and patios. Six functions were used to fit SAR, those that never reached an upper limit and those
with an upper asymptote. Individual density was included as a covariable. Results: A total of 32 195 trees were measured, including 264 species. At plot level, SAR
is better explained for exponential function, however it differed between land use types. Individual density as a covariable improved the model variance explained,
79%. Between land use type: species-area and species-density relationships were similar between coffee, cocoa and pastureland, but species-density for
pastureland was different. Grains and patios differed with the other land use types and between them. At farm level, power function better explained SA. S rapidly
increased in farms smaller than 40 ha, thereafter increases of S slowed down. Farms larger than 40 ha had on average, 81 tree species and less than 50 individuals
per ha. On average, density of S (S/ha) was 30£10 tree species, and individual density of 7957 tree per ha. Conclusion: Farm size and the composition of land
uses are good predictors of S. These findings suggested that the role of family farming in the conservation of tree diversity and related ecosystem processes can be
better managed and planned based on farm diversification.

Keywords: Species-area relationship, productive landscape, trees
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Gender and agroforestry: considerations for climate change

Tatiana Gumucio®, Jennifer Twyman', Jorge Sellare2, Geovana Carreno’, Monica Clavijo?
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Background: Agroforestry has been promoted as an important climate-smart agricultural practice in various parts of the world most vulnerable to the impacts of
climate change; however, due to gender-based constraints, women and men can face differing obstacles to access valuable information on CSA practices related to
trees on farms. Group participation can help women surmount these challenges. In particular, research on women's participation in agricultural and natural resource
management groups demonstrates the benefits women can perceive in terms of improved access to trainings, knowledge development and capacity -building. The
paper examines the degree to which men's and women's group participation and access to information are primary factors in implementation of agroforestry practices
on farms in a territory distinguished by high climatic risk in Nicaragua. Methods: The study analyzes household level socioeconomic data collected in 2015 within a
Climate-Smart Village of the CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) in Tuma La Dalia, Nicaragua. From 271
households, a total of 493 surveys were carried out with adult men and women primary decision-makers. Households were chosen through simple random sampling.
The intra-household survey collected data related to agricultural and agroforestry activities, and includes sex-disaggregated data about decision-making, group
participation, and knowledge and adoption of CSA practices. Results: Results suggest that the average number of on-farm tree species reported is greater when
women participate in agricultural or natural resource management groups, as compared to when they do not. Furthermore, while more men tend to have knowledge
of agroforestry in comparison to women, when women do have agroforestry knowledge the results demonstrate that they are more prone to report implementation
than men. Discussion: The study contributes important gender analysis of men's and women's capacities to access and implement information on agroforestry
practices through their participation in groups. This developed understanding of the gender considerations of agroforestry is critical, in the context of developing
climate change adaptation and mitigation strategies in the region.

Keywords: gender, agroforestry, climate change, Nicaragua

ID:1094
Monday Yucatan-3
Symposium: Trees outside forest for biodiversity conservation, ecosystem services and livelihoods

Participatory nursery trials to conserve tropical tree species
and genetic diversity

Maarten Van Zonneveld", Judy Loo?, Julio Javier Madrid?
'Costa Rica Office, Bioversity International; 2 Bioversity International; * ACOFOP

*Correspondence Author. E-mail: m.vanzonneveld@cgiar.org

Background: Conserving intra-specific diversity of tropical tree species populations is important to build resilient landscapes for three reasons: 1) itis a vital resource
for adaptation of tree species populations and forests to climate change; 2) it is a vital resource for the domestication of food, timber, and other tree species; 3) intra-
specific diversity is the basis for good quality seed material for reforestation, agroforestry, or restoration. While the conversion of forest to agriculture threatens
populations of tropical tree species, the remaining trees outside forests in agricultural landscapes become increasingly important in maintaining intra-specific
diversity. Several studies suggest that gene flow dynamics and intra-specific diversity can be maintained in highly fragmented landscapes with remaining trees
outside forests. Some studies, however, suggest that progeny fitness decreases after fragmentation despite high levels of gene flow. But more evidence is required.
We propose the establishment of participatory nursery trials to monitor progeny fitness of tropical tree species in multi-functional landscapes. Methods: We tested
the potential of participatory germination trials with two forest communities from the multiple use zone of the Maya Biosphere. Mahogany (Swietenia macrophylla
King) seed was collected in March 2016 from 90 adult trees from managed forest stands before and after timber extraction. Local, cheap materials were used to set
up nurseries. Community members were trained in seed germination and data collection. The trials were established April and May 2016 and lasted 50 days.
Results:The collection of germination data by community members was solid and sound. One community used the germinated seedlings to restore degraded
pasture lands. No differences were observed in germination from stands before and after timber extraction. The germination results still need to be related to a gene
flow analysis, which is currently carried out. Conclusion: This pilot shows the potential of participatory nursery trials to monitor and conserve intra-specific diversity of
tropical tree species in multi-functional landscapes. These trials can provide insights about the effects of natural resources management on intra-specific diversity.
The trials allow to engage local actors and can be combined with seedling production for tree planting. As a next step, the potential of these trials can be tested with
other farmer and forest organizations.
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The use of digital cameras to track leaf phenology and productivity in the
tropics
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Background: Leaf flushing and senescence are major events in plant life cycles, exerting temporal control over the structure and function of plant communities,
defining the seasonality and inter-annual variability of carbon exchange via photosynthetic processes, respiration, and litter production. However, complex and highly
diverse vegetation makes simultaneous phenological observations of several sites and vegetation types very challenging in the tropics. The drivers of leaf phenology
for different tropical plant communities are also poorly understood. Recently, the use of digital cameras to monitor leaf phenology and track phenological patterns
across sites and vegetation types in tropical ecosystems has been successfully demonstrated. Methods: We used digital cameras to investigate the relationships
between temporal patterns of leaf phenology and ecosystem carbon fluxes at three different Amazonian tropical vegetation types — dry forest, Atlantic rainforest and
woody cerrado savanna. We installed digital cameras on carbon flux towers and collected daily photographs over three years (2013-2015). We used camera-derived
leaf phenology data to investigate how well it predicts the gross primary productivity (GPP) within each site. We selected from the images a Region of Interest (ROI)
representing the community and extracted the colour information by calculating the RGB chromatic coordinates index (RGBcc). Results: We processed around
170,000 images and high frequency data from eddy covariance measurements. Preliminary results showed a marked seasonality in both leaf phenology and GPP at
sites with higher water restriction, i.e. dry forest and woody cerrado savanna. Despite leaf phenology following patterns in GPP, rainfall has likely an effect controlling
GPP seasonality in these two vegetation types. Conclusions: This study examines how the seasonality experienced at different forest types influences vegetation
phenology and their ecosystem scale energy fluxes. It improves our understanding of the different drivers of leaf phenology and how leaf development can be useful
in predicting photosynthetic seasonality in tropical ecosystems.

Key words: digital repeat photography; gross primary productivity; photosynthesis, greenness indices; phenocam
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Remotely sensed seasonal canopy dynamics in the tropics: a riddle of many
scales
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Background: Natural leaf aging/phenology is a fundamental driver of change in morphological, biochemical and spectral leaf traits, thereby, regulating both
ecosystem processes (plant growth, energy and nutrient cycling) and remotely-sensed canopy dynamics. Leaf phenology has been proposed as a major driver of
seasonal productivity in carbon-rich tropical evergreen forests yet tropical leaf phenology is poorly understood. Methods: We examine processes related to leaf
phenology at the leaf, individual tree crown and community scale to assess the relative impact that these scale-dependent processes can have on remotely sensed
NDVI and EVI time-series in a Peruvian evergreen Amazonian tropical forest. Results: We show that age-related phenological changes in leaf reflectance are
expressed at the canopy scale but influenced by both canopy leaf area (CLA) and the leaf turnover strategies of individual trees. We also show that seasonality of
greenness VIs such as NDVI and EVI2 are more strongly correlated to phenological changes in CLA then changes in leaf reflectance. At the community scale,
phenological sources of reflectance and structural canopy variation such as (1) leaf phenological asynchrony within and between trees, (2) short periods of
leaflessness in brevi-deciduous trees that are difficult to detect, and (3) lack of seasonality displayed by particular evergreen leaf turnover strategies can produce
dampening effects on seasonal amplitudes of annual cycles observed by remote sensing Vls. Discussion: Our results demonstrate that complex and diverse leaf
phenological processes interacting at different scales challenge our current ability to remotely sense the annual cycles of tropical canopy dynamics. Our study
highlights the need to account for the interaction of these processes, and their potential covariance or unique behaviours in order to achieve significant advance in
the mechanistic understanding of what creates and drives different phenological mosaics identified across Amazonian forests and in modelling their effects on water
and carbon fluxes across the Amazon.

Keywords: Tropical phenology, annual cycles
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Tropical vegetation in global vegetation models: plant functional types and
other simplifications
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Tropical vegetation canopies host a bewildering array of plant existence strategies ranging from grassland and savanna vegetation to wetland low forest types, upper
montane krummholz and the soaring stature of lowland tropical forests. The models used to represent these ecosystems on a global scale, however, almost
universally make use of a very restricted set of Plant Functional Types (PFTs) such as 'broadleaf tree' and 'C4 grass' to represent vast swathes of structurally diverse
tropical ecosystems. Additionally, canopy structure is generally represented in a very basic way, usually as a green sheet of zero thickness covering the land surface.
Photosynthesis is usually represented, arguably, in too much detail, whereas spatial processes such as gap formation, seed dispersal and pollination are are usually
not represented at all. Whether the reasons for these simplifications are practical (e.g. limited computational capacity), human (e.g. individual expertise on tropical
diversity and software engineering seldom coinciding) or theoretical (e.g. legitimate interpretations of functional niche theory in the case of PFTs), their widespread
use appears unlikely to change soon. Therefore, it makes sense to ask how far we can really go with current modelling structures. In 1987 Box said "all models are
wrong; the practical question is how wrong do they have to be to not be useful". Borrowing from results of the Role of Biodiversity in Climate Change Mitigation
project (ROBIN) and results from runs using the Joint UK land Environment Simulator (JULES), we explore whether vegetation models are still so wrong that they are
not at all useful, or do we perhaps dismiss them out of hand because of their seemingly-flawed approaches?

Keywords: Tropical vegetation model simplification PFT
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Remote sensing detection of the Amazon phenology
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Background: The Amazon, Earth's largest tropical rainforest, has a critical role on the seasonality of carbon and water cycles. However, swings of both cycles
depend on the phenology of Amazonian canopies. Understanding biome scale phenological cycles is not trivial, but is critical for mechanistically quantify the effects
of climate change on Amazon forest functioning and its feedbacks. Therefore, the aim of this study was to understand the links between phenological cycles and
remote sensing data to evaluate the drivers of phenology and connect phenology with photosynthetic capacity of Amazon canopies. Methods: We used multi-level
remote sensing data on vegetation indices, sun induced fluorescence and climate data to evaluate the functioning of Amazon canopies. Result - We found that
Amazon trees have variable phenological cycles depending on their resistance to water limitation. The enhanced vegetation ind ex is a coherent proxy of leaf flush in
Amazonia. However, does not follow the patterns of photosynthesis. The best indicator of canopy photosynthesis is the information on sun induced chlorophyll
fluorescence. Our analysis indicates that leaf flushing in most of the Amazon respond to light instead of water. Interestingly, despite leaf flush occurring in the end of
dry season, the maximum values of sun induced chlorophyll fluorescence are observed during the wet season. Therefore, the peak of leaf flushing and the maximum
photosynthetic capacity of Amazon forest canopies occur with a lag that is related to the maturation of new leaves. Conclusion: We conclude that we now have a
much better understanding about the representation of phenological cycles by remote sensing data. With this knowledge, the main processes driving large scale
canopy phenology can be studied and process based models can be improved. Our data not only showed the main variables limiting the phenological cycles, but
also the locations where light overcomes the influence of water in determining the seasonal cycles and vice-versa. The lag between leaf flush and maximum
photosynthetic capacity is also a key finding for accurately model the seasonality of carbon and water cycle in Amazonia.

Keywords: modis, gome2, photosynthesis, remote sensing
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Modeling leaf phenological diversity across East Africa
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Background: Recent work has identified semi-arid and savanna-type (SAST) ecosystems as a critical component of interannual variability in the Earth system, yet
our ability to model the spatial and temporal patterns that account for the variability remains limited. Patterns in leaf phe nology — the location and timing of the
appearance, presence, and senescence of plant leaves -- is @ major contributor to this variability. Plants grow and drop their leaves in response to a variety of cues,
including soil moisture, rainfall, day length, and relative humidity, and alternative phenological strategies often co-exist in the same location. Methods: Here we use
the concept of ‘phenoregions’ — regions determined by their phenological similarity — across five sites in East Africa derived from Landsat data to ask what drives
variation in phenoregions at the local and regional scales using a regression tree approach. This work will help inform land surface models like the Community Land
Model, where uncertainty in the drought deciduous algorithm has been shown to contribute to overall model uncertainty. Results: We show that at the local scale,
phenoregion groupings can be attributed to a suite of drivers, including topography, substrate, and land use. At the regional scale - looking from Kenya to South
Africa — these drivers are similar but not identical, suggesting an interaction between local-scale drivers and regional climate patterns. Discussion/Conclusions: Our
results suggest that applying a broad ‘one size fits all’ phenology algorithm for dry ecosystems does not capture the important variability at both local and regional
scales across these ecosystems. Future modeling work should focus on striking a balance between model complexity and capturing the important functional diversity
of SAST ecosystems. This could become increasingly feasible as new and upcoming satellite sensors like NASA's Soil Moisture Active Passive sensor and ESA’s
Sentinel series provide increasing amounts of data relevant to SAST phenology research.

Keywords: phenology, remote sensing, savanna, semi-arid
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Maps of the synchrony of net leaf phenology from MODIS NDVI and EVI for
Meso- and South America
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Background: The leaf phenology of ecosystems can be characterised through the use of Earth observation (EO) data using a variety of approaches. The common
approach is to derive time series of vegetation indices (VI) which are demonstrably related to the temporal evolution of FPAR, LAl and GPP. Another approach is to
combine EO derived phenology metrics, such as start, end and, length of season and the magnitude of greening from VI time series. The latter metrics will often
show high levels of uncertainty, in particular in the tropics. Here we present maps of average ranges (described as average "amplitudes") of VI for Meso- and South
America, representing the synchrony of vegetation greening. They are reference phenology maps for the dynamic global vegetation modelling community, currently
concerned with the development of deciduous plant functional types in the tropical and subtropical regions. Methods: Because of issues with noisy VI time series
and the pre-processing of some of the Vls, we implemented an approach that robustly tests for the presence of genuine annual signals in VI. A Lomb-Scargle
spectral analysis suitable for unevenly spaced data was applied to 2000-2013 MODIS VI. Pre-processing was used to eliminate measurement outliers and the
outputs of the spectral analysis were screened for statistically significant signals to map the average "amplitude” (i.e. maximum minus minimum) of genuine annual
cycles of vegetation greenness. Results: The maps provide an indication of net ecosystem phenology since the satellite observations integrate the greenness
variations across plant individuals and species within each pixel. The average amplitude can be interpreted as indicating the degree to which the leaf life cycle of
plant individuals and species are synchronised. Areas without statistically significant annual variations in greenness may still consist of individuals that show a well-
defined annual leaf phenology. In such cases the timing of the phenology events will vary strongly within the year between individuals. Alternatively, these areas may
mainly consist of plants with leaf turnover strategies that maintain a constant canopy of leaves of different ages. Comparison with in situ observations confirm our
interpretation of the maps. Discussion: The maps could be used to locate evergreen and deciduous forests or could provide continental scale information for
biodiversity and ecology studies that require a map of community level leaf phenology.

Keywords: VI leaf-phenology spectral-analysis average-amplitude remote-sensing
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Bamboo diversity, systematics and evolution, with a focus on the Neotropics
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Background: Bambusoideae (bamboos), comprising 1,645+ species, is one of nine crown clade lineages within the Poaceae and represents the only one to
diversify primarily in association with forests. Bamboos are classified into three tribes: Arundinarieae (temperate woody bamboos, 561 species), Bambuseae (tropical
woody bamboos, 910 species) and the Olyreae (herbaceous bamboos, 122 species). The Arundinarieae has a strongly asymmetric Laurasian distribution pattern,
with the vast majority of species in eastern Asia. Bambuseae consists of two major clades, the Paleotropical and the Neotropical woody bamboos (NWB), with 552
and 358 species respectively, and is distributed broadly in the tropics and subtropics with a few taxa in subtemperate regions, and extensive diversity in montane
systems. With the exception of 1 genus endemic to New Guinea, and 1 species occurring in both the Neotropics and Africa, the rest of the Olyreae is restricted to the
Neotropics. Olyreae typically inhabit the understory, with some adapted to gaps and edges, but the woody bamboos mostly occupy gaps and edges or open habitats.
Methods: Recent bamboo studies are based on floristic work involving field work and herbarium specimens, and molecular phylogenomics using both plastid and
nuclear DNA sequence data. In the usual absence of flowering material, complete vegetative collections are essential for discovery and identifi cation, so targeted
collecting is being undertaken in current bamboo projects (e.g., Brazil, Mexico). Results: The NWB clade is moderately supported, but its three subtribes are each
strongly supported and in this topology: [Arthrostylidiinae + Guaduinae] + Chusqueinae. Within Olyreae, Buergersiochloinae + [Parianinae + Olyrinage] is strongly
supported. Description of new species continues unabated in these groups and new genera also continue to be recognized. Brazil has the greatest diversity of both
NWB and Olyreae, but the Andes, Panama/Costa Rica, Mexico and the West Indies also harbor significant diversity and endemism. Discussion/Conclusion:
Significant species diversity remains to be described, especially in Peru and Bolivia but also in Brazil and the northern Andes. Chusquea, Guadua, Merostachys and
Pariana still require significant taxonomic attention. Phylogenetic hypotheses require additional sampling of critical taxa before biogeographic patterns can be fully
explored and classification stabilized.

Keywords: Bambuseae, Neotropical bamboos, Olyreae
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Exceptional dynamism in bamboo-dominated forests in the western Amazon
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Background: Bamboo dominates ~180,000 km2 of forest in southeastern Amazonia. In the southern Peruvian lowlands, two species of bamboo dominate this mixed
forest, Guadua sarcocarpa and G. weberbaueri. Although there are studies about the life-cycle of bamboo and their distribution patterns, little is known about the
influence of bamboo mass-mortality in forest dynamics. We asked: (1) how does bamboo affect forest structure? and (2) how does bamboo mass-mortality affect
forest dynamics? Methods: The study site was located in terra firme forest near Cocha Cashu biological station in Manu National Park in the western Amazon. To
evaluate the influence of bamboo on forest structure and dynamics we established a 7-km transect across bamboo and non-bamboo dominated forest. We also
established a 1-ha permanent forest plot in a bamboo-dominated forest, monitoring tree communities = 10cm in diameter over 10 years since 2000. Censuses were
taken before and after the bamboo mass-mortality event in 2003. Results: showed low values of basal area in the bamboo-dominated forest as compared to non-
bamboo across the 7-km transect. After the bamboo mass mortality event, we observed tree mortality and tree recruitment rates that greatly exceeded those
recorded in Amazonian forest where bamboo was absent. In addition, above ground carbon density stocks are increasing as a consequence of the high recruitment
rates and the high growth rates of the fast-growing taxa, coupled with high wood density in a dominant and fast growing species. Discussion: Amazonian bamboo-
dominated forest is hyperdynamic, with turnover rates up to 4 times faster than non-bamboo forest. The accelerated dynamics can have important repercussions on
Amazonian ecosystem function, particularly the C and water cycles, and their responses to climate change
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Background: Despite growing recognition that tropical forests and savannas represent alternative ecosystem states determined by fire, there are relatively few
examples of purely fire-determined grassy biomes in the tropics. Instead, most grassland-forest distributions, particularly in the Neotropics, appear to be determined
by interactions among fire, vegetation, and sails; i.e., savannas are more likely than forests to occur on infertile soils, where tree growth is constrained by resource
(i.e., water and nutrient) availability. Methods: To better understand the potential for vegetation-fire interactions to create tropical grassland-forest mosaics, we
studied the native bamboo Guadua paniculata (Bambusoideae, Poaceae) in eastern lowland Bolivia. Along 150 m transects between each of six bamboo thickets
(unburned for >10 yr) and adjacent forests, we sampled tree communities, bamboo populations, and soils. Results: Transitions between bamboo thickets and forests
were abrupt, with mean bamboo density declining from 10,000 culms/ha to zero over just 10-15 m. Tree density (~5 cm diameter) in bamboo thickets (700 trees/ha)
was similar to forests (900 trees/ha), but mean basal area was much lower (7.7 and 19.7 m2/ha, respectively). This difference in basal area was due to many small
diameter resprouts of trees that were top-killed in previous bamboo-fueled fires. Indeed, Guadua produces up to 16 Mg/ha of fine and small fuels, creating conditions
for very intense fires. As evidence that such fires have a long history in these systems, we found that soils beneath bamboo thickets contained twice as much
pyrogenic carbon (i.e., charcoal) as forest soils (mean 5.6 versus 2.6 g/kg, respectively). To test for the potential role of edaphic factors in determining ecosystem
boundaries, we conducted multivariate analyses of soil chemical and physical variables in surface (0-20 cm) and subsoils (90-110 cm) and found no differences
between bamboo thickets and forests. Conclusion: These results are consistent with the hypothesis that fire-vegetation feedbacks, rather than soil-vegetation
interactions, maintain bamboo thickets and forests as alternative ecosystem states. Current land-use policies in Bolivia, intended to prevent forest fires, should be re-
evaluated to permit the burning of fire-dependent bamboo thickets and savannas.
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Forest dynamic influenced by the dominance of native bamboo in the Atlantic
Forest
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Background: Overabundant bamboos often affect negatively forest structure and ecological process. We tested the prediction that the bird community, seed rain
profile, seedling and sapling establishment, and tree demography are altered in Guadua tagoara patches, a large-sized woody bamboo native from the Brazilian
Atlantic Forest, compared to forest patches without bamboos. Methods: We established a seed dispersal and regeneration monitoring system in order to elucidate
the forest dynamic and the demographic bottlenecks of plant regeneration cycle for both patch types. Data from soil, canopy openness and litter depth were also
collected. Results: Bird species richness was higher in bamboo patches in all categories of diet and forest dependence. Seed rain was not greatly altered by the
presence of bamboos, while bamboo patches showed higher seedling abundance, emergence, growth and mortality than patches without bamboos. However,
diversity was lower in these habitats. Bamboo plots had more fertile soils, greater canopy openness, and thicker litter. Bamb oo patches had lower density of adult
trees and lower species density. In addition, overall tree diameter distribution was very different between habitats, with bamboo patches having greater concentration
of small-sized trees. Discussion: The initial expansion of bamboos, forming discrete patches within mature forest, represents an intermediate-level disturbance that
enhances forest heterogeneity and promotes the diversity of avian, seed and seedling communities. The presence of trees growing amidst and over the bamboos
seem to play a key role in keeping the seeds falling in bamboo plots because they serve as food sources for frugivores or simply as perches for them. The loss of
such trees may lead to enhanced seed limitation, contributing ultimately to the self-perpetuating bamboo disturbance cycle. Greater physical (wind and bamboo-
induced damages) and physiological stress (heat and light) in bamboo patches are likely causes of bamboo-dominated patches being more dynamic, as suggested
by higher emergence and death rates of seedlings. Because bamboo patches promote heterogeneity in the forest, they are important components of the landscape in
tropical forests. However, in high densities, bamboos may limit recruitment for the plant community by imposing marked discordances of seed arrival and early
seedling recruitment, and by arresting the later stages of recruitment in tropical forests.

Keywords: bamboo-dominated forest, Brazilian tropical forest
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Life Cycle Length and Flowering Waves of Bamboo in Southwest Amazon
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Background: Open forests dominated by semi-scandent woody bamboos of the genus Guadua are found in the southwest Amazon as a mosaic of patches, each
being 102 to 104 km2 in size. Each patch is a single population of semelparous plants with a synchronized life cycle. At the adult stage, areas dominated by Guadua
can be detected on images captured by orbital sensors equipped with bands in the optical portion of the spectrum. This study examined temporal and spatial patterns
in the spectral behavior of Guadua populations over their life cycle in the southwest Amazon, using images acquired by optical orbital sensors between 1975 and
2008. Methods: First, repeated mortality events in the same geographic patch were observed directly, by examining over 200 Landsat images of the SW Amazon
from 1975 to 2008 and annual MODIS 43B4 images from 2001 to 2008. The final question examined was whether separate bamboo populations time their flowering
events independently from their neighbors. Because these populations do not share genes, no relationship is expected to be found between proximity in time and
proximity in space, for the flowering of different populations. Flowering itself is not visible, so all post-reproductive dieback events were mapped using the annual wall-
to-wall MODIS coverage of the SW Amazon for 2001-2008. Results: Life cycles of 27 and 28 years were found. Second, the life cycle was inferred for all populations
within a 34,000 km2 area that had almost no man-caused deforestation. Patches with bamboo dominant in the forest canopy were mapped within this area for 21
different dates spanning 1975 - 2008. The pair of maps with highest spatial congruence was taken to be one life cycle apart in time. This method gave a life cycle of
28 years. Reproductive events of each patch (each population) occurred in a highly contagious fashion, forming super-patches of temporally clustered events.
Flowering waves were also observed, i.e., contiguous patches flowering like falling dominoes. Discussion: A possible explanation for this may be a consequence of
allochronic divergence from fewer ancestral populations and suggests a long history of widespread bamboo in the southwest Amazon. It is now possible to predict
exactly where and approximately when new bamboo mortality events will occur.

Keywords: Guadua; Remote Sensing; Bamboo-dominated Forests.
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Endemism of the Mexican bamboos: efforts for conservation
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The Mexican bamboos are grouped in two tribes; the herbaceous (Olyreae) and the woody bamboos (Bambuseae), this last tribe has three subtribes in America;
Arthrostylidiinae, Chusqueinae and Guaduinae and the three are present in Mexico. The aims of this study were: to identify the most diverse areas of Mexican woody
bamboos and to detect their centers of endemism. We gathered presence records of 36 endemic Mexican woody bamboos, based on herbaria records and own
collections. The richness was analyzed taking account the Mexican politic division with a cell size of 0.5°— 0.5°, using the simple and circular neighborhood methods.
The endemism was analyzed following the modified area of endemism method. Mexico has 53 native woody bamboo species, 36 of them are endemic. Chiapas is
the state with the richest diversity with 28, followed by Veracruz with 21 and Oaxaca with 19. The rest of the states with bamboo records have 10 or less species. The
state with the highest endemism is Veracruz with 15 species, followed by Oaxaca with 11 and Chiapas with 10. The Trans-Mexican Volcanic Belt has the highest
endemism with 14 species, followed by the Sierra Madre del Sur with 13 species and Sierra Madre Oriental with 10 species. Twenty six of the 36 endemic species
are only known from 10 localities or less and 13 of those 26 species have less than five known localities. It is important to pay attention of those species with less
than 10 records, because none of them are protected by the Mexican laws or recognized by the IUCN.

Keywords: Chiapas; Sierra-Madre-del-Sur; Sierra-Madre-Oriental; Trans-Mexican-Volcanic-Belt; woody-bamboos
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Diversity, ecophysiology and genetic variability in Venezuelan Andean woody

bamboos
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Background and aims: Venezuela outstands from other neotropical countries of the region, due to the diversity of ecosystems within a relatively small territory,
which have favored the diversification of woody bamboos, in terms of species richness and variety of life-forms. By 2013, a total 69 species had been described for
the country, of which 22 were reported endemic. Chusquea is currently the most diverse genus, with 22 species, 4 of them endemic. With the aim of learning more
about the ecology and diversity of the Venezuelan Andean group, we conducted studies that dealt with their ecophysiological response, species diversity and genetic
variability. We originally believed that the extended vegetative phase of woody bamboos, combined with their continual clonal growth would favor the dominance of
particular genotypes, particularly in cloud forest species. Methods: Ecophysiological studies focused on leaf-gas exchange and water relations in four Andean
species: Chusquea multiramea L.G. Clark & F. Ely, C. mollis (Swallen) L.G. Clark (Ex. Neurolepis mollis), C. aff. serrulata Pilger and C. spencei Emnst. Species
diversity studies included C. fendleri Munro. These were based on the analysis of morphological and anatomical data, recovered from fresh specimens, herbaria
vouchers of Venezuela and Colombia and genetic studies using PCR-amplification markers (SSR, ISSR and RAPD). Results: Net photosynthetic rates Andean in
cloud forest and paramo species of Chusquea range between 4-12 umol m2 s, both groups maintain relatively high leaf-water potentials during wet and dry
seasons, due a strict stomatal control, combined with low transpiration rates. Unbranched, shrub-like bamboos like C. mollis have lower photosynthetic rates,
characteristic of understory cloud forest plants (2-4 pymol m2 s-). Morphological and molecular studies revealed the existence of three new species and two
subspecies. Both cloud forest and paramo bamboos present a high genetic diversity, based on the number polymorphic alleles, diversity indexes and the absence of
dominant genotypes in all of the localities sampled. Conclusion: Venezuelan Andean cloud forest and paramo bamboos have very similar ecophysiological response
across a broad range of radiation conditions. Their genetic diversity indices are comparable to those reported for non-clonal, polycarpic angiosperms.

Keywords: Chusquea, genetic diversity, tropical Andes
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The forest beyond the trees:

woody bamboos in the spotlight of degraded subtropical forest
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An increasing number of recent publications show that bamboos have the potential to influence the diversity, productivity and dynamics of forest around the world. It
is also known that its distinctive life-history traits, allow bamboo to colonize areas affected by natural and anthropogenic disturbance influencing tree community,
microclimate and ecosystem processes. Here we synthesize 10 years of observational ad experimental research findings on ecology and ecophysiology of Chusquea
ramossisima, the most abundant bamboo in Semideciduous Atlantic Forest (Argentina) to understand its role in forest dynamics. We performed field studies in
forest affected by selective logging, with high bamboo abundance. We studied forest regeneration and bamboo growth rates after flowering, conducted some
ecophysiological studies evaluating forest dynamic and ecosystem processes. Bamboo shows clonal reproduction allowing it to spread rapidly, and exhibits high
plasticity in functional traits and leaf characteristic that enhance its growth in gaps and allow surviving under close canopy. C. ramosissima has similar photosynthetic
from other co-occurring bamboo species. But, compared with trees, presented higher photosynthetic capacity per unit dry mass and leaves with relative low C cost. In
addition, makes high root pressure and exhibits profuse guttation, at times continuing into mid-afternoon that able to colonize areas of varying water availability, that
could influences forest water cycle through its potential to remove vast amounts of water from the vadose zone and affect neighbor plant saplings. Finally, the replace
of trees and palms by bamboos affect structure and forest dynamics; generating changes in litterfall, litter decay rates and C cycle. Contrary our expectations the
successful of tree regeneration in gaps following bamboo flowering and died, appears to be restricted to a very narrow window of increased light availability before
rapid re-colonization of bamboo. Bamboos are important natural component of forest that need more attention, because they can provide refuge and food for
animals, promote soil conservation and be important human resources. However, because of their impact on forest structure and positive feedback of some bamboo
species with increasing disturbance resulting from forest exploitation and land-use change worldwide, they could emerge as key species, capable of influencing the
dynamics of large areas of forest ecosystems
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Climatic tolerance and distribution of native bamboo along an Andes-Amazon
elevation gradient

Belen Fadrique™, Kenneth Feeley!
Department of Biology, University of Miami;

*Correspondence Author. E-mail: bjfadrique@hotmail.com

Introduction: Vegetation across the Andes-Amazon elevation gradient is expected to be exposed to increasing drought and temperature as a result of climate
change in the near future. Climatic tolerance plays a major role on species altitudinal distribution; plant ranges are shifting in order to keep track of their
environmental requirements. However, we do not have much information about plant tolerance to temperature and drought along the elevation gradient. Here we use
a widespread and abundant group, native bamboos, to further understand climatic tolerances across the Andes-Amazon gradient. Methods: | studied 12 species of
woody bamboo occurring along the altitudinal gradient of Kosfipata valley in Peru, from 300 to 3000masl. For several individuals per species | measured the
maximum temperature at which leaves can photosynthesize (Critical Thermal Maximum (CTMax)), and a proxy for drought tolerance (Membrane Stability). For the
collection locations, | extracted temperature and precipitation data from CHELSA in order to understand the relationship between tolerances and environmental
variables. Results: The experimental CTMax values for the bamboo species varied between 46 and 55°C and Membrane Stability ranged between 2 and 58%.
CTMax was higher on the lowlands where air temperatures are higher. On the contrary, Membrane stability was higher at higher elevations where precipitation is
lower and more seasonal. Drought and temperature tolerance were negatively correlated across the elevation gradient but positively correlated within individual
elevation sites. Discussion: Bamboo species show opposite tolerances to temperature and drought according to the most pressing stress at their location;
nevertheless, the within elevation relationship shows that there is no trade-off between leaf level thermal and drought tolerance at the individual level. Understanding
climatic tolerance of bamboo species and how it affects distribution in the Andes-Amazon gradient will facilitate our understanding of the effect of bamboo on
ecosystem structure and dynamics.

Keywords: Andes, Native bamboos, Temperature, Drought
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Multiple recurrent disturbances facilitate monodominance in a North American
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Background: Three bamboo species are native to the southeastern USA. The largest and most widespread is river cane (Arundinaria gigantea Walt. [Muhl.]), which
occurs primarily alongside riparian forests in river floodplains. River cane was once commonly found in extensive, monodominant bamboo stands called
"canebrakes," but these have declined in areal coverage by an estimated 98% over the last 200 years. During this time, humans drastically altered the disturbance
regime in floodplains throughout the species' home range. Now there is considerable interest in restoring river cane to monodominant stand structure like the
canebrakes described by early Europeans explorers. Like most bamboos, river cane is dependent on ecological disturbances that open gaps in the forest canopy and
let in light. | studied the interacting effects of two such disturbances, windstorm and fire, on the ramet demography and stand structure of river cane in the lower
Mississippi alluvial valley. In the process, | learned to age culms, a technique that could prove useful for other studies focusing on ramet demography in bamboos.
Methods: | used multiple prescribed fires and a large tornado blowdown to examine ramet growth in river cane in Louisiana, USA. | compared burned and unburned
stands of river cane growing inside and outside the blown down area to quantify the bamboo's response to sequential disturbances. | examined culms of various age
cohorts to inform my findings. The study lasted 6 years, including 4 years after the prescribed fires. Results: Four years after burning, culm age distributions were
younger in burned than in unburned stands both inside and outside the tornado blowdown. Damage rates were higher in forest than in blowdown habitats (P <
0.001). The two disturbances had an additive effect on culm density, as reflected by higher mean culm density in burned than in unburned stands (P = 0.019) and
also in the blowdown versus under forest canopy (P = 0.002). Discussion: My results make clear that stands of river cane grow more densely and with younger
mean culm age following both fire and windstorm disturbances. Such disturbances "reset" bamboo stands by removing older growth that is replaced by new, vigorous
culms. We conclude that periodic disturbances are likely needed to produce dense, monodominant canebrake-like stand structure in river cane.

Keywords: Arundinaria gigantea, disturbances, fire, windstorm
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Advancing Bamboo Ecology, Systematics, and Conservation in the Neotropics:
Future Steps
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Tropical America harbors 40% of the world's known bamboo species and supports extensive bamboo-dominated ecosystems, yet the vast majority of documented
knowledge of bamboo emanates from Asia. A recent surge of publications has improved our understanding of neotropical bamboo ecology, taxonomy, biogeography,
ethno- and economic botany, and conservation. In this symposium, researchers with a wide range of expertise in bamboo ecology and systematics will present their
most recent work. These speakers, whose geographic interest extends from Argentina to the southern USA, will draw on different case studies to address several
research themes, including: 1) the distribution of neotropical bamboo forests and species; 2) the role of taxonomy in bamboo's persistence in the landscape; 3) the
extent of anthropogenic influences on bamboo forests and conservation status; and 4) the effect of bamboo-mediated disturbance on ecosystem dynamics. Together,
these talks will illustrate the important implications of bamboo research for biodiversity conservation, ecosystem management, and tropical plant systematics, and set
the stage for us to bridge major knowledge gaps among disciplines. To encourage communication and collaboration between bamboo researchers who are curre ntly
pursing complementary (albeit disparate) lines of research, we will lead a discussion that summarizes the symposium contributions. In doing so, we will highlight
current research gaps and seek to develop a standardized method for conducting inventories of neotropical bamboo species, potentially providing the basis for future
multidisciplinary collaborations.

Keywords: Bamboo, Bambusoideae
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Relative effect of forest loss and fragmentation on biodiversity in the Lacandona
rainforest, Mexico

Victor Arroyo-Rodriguez', Emilia Carrara’, Adriana Garmendia', Manuel A. Hernandez-Ruedas', Carolina Rojas', Giovanni V. Russildi', Hilda A.

Sanchez-De-Jesus!, Miriam San-José!, Romeo A. Saldafia-Vazquez!
"Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autonoma de México;

*Correspondence Author. E-mail: victorarroyo_rodriguez@hotmail.com

Background: Human-modified tropical landscapes differ in the percentage of forest cover (landscape composition), and the remaining forest can show different
degree of fragmentation (landscape configuration). Yet, the information on the relative impact of these two components of landscape structure on biological
assemblages is scarce, but urgently needed to improve conservation strategies. Here, we assessed the relative influence of forest loss and fragmentation on the
abundance of different taxa in the Lacandona rainforest, Mexico. Methods: We used a sample site-landscape approach. We sampled trees, rodents, dung beetles,
amphibians, reptiles, phyllostomid bats, medium- and large-sized terrestrial mammals and primates in 12 to 29 forest sites, and landscape variables (i.e. percentage
of forest cover and density of forest patches) were measured in 100-ha and 500-ha landscapes surrounding each forest site. We first identified the landscape size
within which each landscape predictor showed stronger effects on each response variable (scale of effect), to then assess the relative effect of forest cover and
fragmentation on the abundance of each taxon using generalized linear models. We separately assessed complete assemblages and forest-specialist species.
Results: Forest cover was the main predictor of species responses, being positively related to the abundance of rodents, dung beetles, amphibians, reptiles,
phyllostomid bats and medium- and large-sized terrestrial mammals, but only when considering forest-specialist species. Although more weakly, forest fragmentation
tended to have a positive effect on most taxa. Conclusion: Our findings support the idea that forest loss shows a stronger effect on biodiversity than fragmentation
per se, especially when assessing forest-specialist species. In fact, in agreement with recent evidence, fragmentation tended to have a positive (not negative) effect
on most groups. The weak response of complete assemblages is probably related to compensatory dynamics, as the loss of forest species can be compensated for
by the proliferation of disturbance-adapted species. Conservation strategies should be therefore focused on preventing forest loss, without assigning lower
conservation value to small patches. Therefore, combining land-sharing and land-sparing approaches may be the best strategy to preserve biodiversity in this
species-rich but vanishing ecosystem.

Keywords: Landscape structure; Biodiversity; Habitat loss
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Background: Crop pollination and pest control services in coffee plantations are among the most well know ecosystem services in agricultural landscapes. The
provision of those services is usually related to the proximity and amount of nearby forest patches, which are usually considered as the main supplier areas of
species responsible for service provisioning. However, despite this general knowledge, we still poorly understand how ecosystem services are related to native
species composition, and how landscape structure modulates services at different spatial scales. Here we analyze how different landscape structural parameters and
species composition are related to pest control and pollination in sun coffee plantations in the southeastern Brazil. Methods: We selected ten landscapes presenting
a wide range of forest and coffee amount, and different landscape composition. In each landscape, we evaluated fruit set and herbivory in different coffee shrubs,
using floral exclusion experiments for pollination assessment and flying vertebrates (birds and bats) exclusion for pest control evaluation. Results: Results suggest
that pollination and pest control can considerably increase coffee fruit set, and that services are modulated by processes occurring at different spatial scales. Service
provision is not necessarily higher close to forest patches, depending on a complex network of biological interactions, which is modulated by the interaction of forest
cover at landscape and local scales. Discussion: In those systems where multiple species, which perceive the landscape differently, are providing ecosystem
services, a multi-scale approach is needed. Our findings can be used in conservation and agricultural planning to maximize crop production while safeguarding native
species and the services they provide.

Keywords: Pollination, pest control, landscape ecology
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Impacts of landscape urbanization on plant and animal assemblages in the
Brazilian Atlantic Forest

Braulio Santos'
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Background: Large-scale urbanization is becoming increasingly common in the tropics, resulting in urbanizing landscapes with unknown potential to safeguard
biodiversity. Many biodiversity hotspots usually degraded and destroyed by agriculture intensification are now facing the rapid, unplanned growth of cities, villages,
roads, and other urban elements that compose urbanizing landscapes. The negative impacts on plants and animals are expected to be greater than those of
agricultural landscapes, as matrix becomes extremely harsh for wildlife and permeable for humans, leading to more pressure on the remaining biodiversity. Methods:
Using a patch-landscape | assess how landscape urbanization affects plant, bird and small mammal communities in the metropolitan region of Jou Pessoa, Northeast
Brazil. All groups were sampled in nine 12.6-ha circular landscapes, with 0% to 45% of urbanization, and described in terms of species richness, taxonomic
composition, functional and phylogenetic terms. Results: All groups negatively responded to urbanization in at least one aspect of diversity. Plant communities, for
instance, showed reduced species richness and mean effective number of lineages in more urbanized landscapes. Plant species benefiting from urbanization were
more phylogenetically related than species declining with urbanization, suggesting loss of evolutionary diversity in the long run. Functional richness of plant
communities decreased with urbanization as well. Bird and mammal communities varied more in response, but were also negatively affected in taxonomic,
phylogenetic or functional terms. Discussion: The results indicate that landscape urbanization is a strong driver of biodiversity loss in the Atlantic forest of Northeast
Brazil. As many other metropolitan regions located in the tropics, the region of Joao Pessoa has faced high urbanization rates since the 50's, suggesting that our
findings could be representative to other biodiversity hotspots.
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Response of plant species diversity to forest cover, water availability and
chronic disturbance
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Background: Seasonally dry tropical forests (SDTFs) are one of the most threatened forests worldwide. These species-rich forests not only cope with several acute
(e.g. forest loss) and chronic (e.g. overgrazing and firewood extraction) disturbances at the landscape scale, but also with climate change (e.g. longer and more
severe droughts). Yet, the effects of climate and acute and chronic human disturbances on within- (alpha) and between-community (beta) components of species
diversity are poorly known. Methods: We evaluated the effect of landscape-scale forest cover (i.e. landscape composition), several metrics of chronic human
disturbance and climate (i.e. precipitation and water deficit gradients) on the composition, structure (alpha diversity, stem density, evenness, and above-ground
biomass) and taxonomic and phylogenetic B-diversity of adult trees and shrubs. We assessed 5118 stems from 104 species and 31 families sampled in 19 0.1-ha
plots across a 21,430-ha landscape in the Brazilian Caatinga - an important but vanishing SDTF. Results: Drought was the main predictor of plant composition and
structure, being more important than forest loss and chronic disturbance. The effects of forest loss and disturbance on alpha diversity were actually mediated by
precipitation (interacting effect). Differences in water deficit and number of cattle between plots caused an increase in taxonomic and phylogenetic beta diversities.
The drier areas and those exposed to higher levels of livestock intensification were composed of similar assemblages, leading to a floristic homogenization at the
taxonomic and phylogenetic level. Conclusion: The environmental filter imposed by drought leads to a stronger effect of annual precipitation on the composition and
structure of vegetation than landscape-scale human disturbances in SDTFs. Water availability determines particularly the distribution of water-demanding plant
species, and along with chronic disturbances, both variables generate a non-random distribution of species and lineages. This increases the turnover of species and
lineages between environmentally different sites, but leads to floristic homogenization (loss of beta diversity) in sites with similar environmental conditions. We
conclude that rapid climatic changes in the region will probably have strong negative effects on species diversity within SDTFs.

Keywords: environmental gradients, human disturbances, diversity
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Response of the seed rain to landscape structure in two fragmented rainforest
regions

Miriam San-José", Victor Arroyo-Rodriguez?, Felipe P.L. Melo3, Jorge A. Meave', Miguel Martinez-Ramos*
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Background: Assessing the patterns and predictors of the seed rain represents a fundamental step to understand the spatial structure and regeneration of plant
populations. Such understanding is particularly critical for fragmented rainforests, where forest loss and isolation can limit the availability of plant diaspores and seed
dispersal patterns. Unfortunately, the main predictors of the abundance and diversity of the seed rain in a given site are poorly known. Here, we assessed the effect
of landscape structure on the seed rain in two rainforest regions with different intensity of land use change and defaunation levels: the Los Tuxtlas Biosphere
Reserve (LTX) and the Lacandona rainforest (LAC), both in southeastern Mexico. Methods: We recorded the seed rain during 12 months (2015) in 40 independent
forest sites, 20 sites from LTX and 20 from LAC; with 9 seed traps placed in the geographic centre of each site. Then, we measured landscape composition (i.e.
percentage of forest cover and open-area matrices) and landscape configuration (i.e. fragmentation, forest edge density and mean inter-patch isolation distance)
within 11 concentric buffers from the centre of each sampling site (50 to 1000 ha) to obtain the scale of landscape effect. We used a multimodel averaging approach
to identify the best landscape predictors of the seed rain. Results: The abundance of seeds was ten times higher in LTX than in LAC. Yet, most seeds (90.4%) in
LTX were anemochorous, whereas in LAC most seeds (88.4%) were zoochorous. Seed species diversity and abundance were more strongly related to landscape
composition than to landscape configuration in both regions, but the relative importance of landscape configuration was higher in LTX than in LAC. In particular,
species diversity and abundance increased with forest cover, but decreased with the percentage of open areas in the matrix. Conclusion: The seed rain can be
limited in fragmented landscapes with lower forest cover and higher matrix harshness, probably because these two variables are directly related to forest
connectivity, propagule availability and seed dispersal patterns. Yet, in agreement with the 'fragmentation threshold hypothessis', landscape configuration also played
a key role in more strongly degraded regions, where configuration showed a higher variability. Thus, landscape structure can control seed fluxes and dispersal,
potentially influencing forest successional trajectories in fragmented landscapes.
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Background: Functional dimension of biological diversity is crucial to understand tree species assembling in fragmented rainforests that differ in disturbance
regimes and landscape structure. We still do not know whether tree species respond in the same manner to landscape metrics in regions with different disturbance
histories and intensities. Methods: We used a large vegetation database (61405 trees from 564 species) to test the effect of landscape composition (i.e. forest
cover) and configuration (i.e. forest edge density) on functional composition of tree assemblages in 98 forest sites distributed is four Mexican and two Brazilian
rainforest regions with different disturbance histories. Disturbance ranged from relatively preserved rainforests (i.e. little deforested and defaunated, with a
heterogeneous matrix) to strongly disturbed rainforests (i.e. highly deforested and defaunated, and dominated by a homogeneous and harsh matrix). We evaluated
six functional traits related to seed dispersal and tree growth strategies, and assessed its response to both landscape metrics measured across different-sized and
non-overlapping landscapes (multi-scale approach). Results: Different combinations of traits co-varied within each region, suggesting that different trait syndromes
respond to the evaluated landscapes metrics across Neotropical rainforests. However, the general pattern for all regions sugg ests that landscapes with lower forest
cover and higher edge density harbored tree assemblages composed of light-demanding pioneer species with softer woods and smaller seeds. Discussion: The
functional response of Neotropical trees to landscape structure (i.e. landscape composition and configuration) depends on the regional disturbance regime, where
relatively preserved forests are more affected by forest cover, whereas strong disturbed forest respond to edge effect. Our findings strengthen theoretical models on
the impact of landscape structure on biodiversity, and assess how generalizable are the responses of tree communities to landscape structure.
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Leadership and governance of landscape management for ecosystem
services conservation
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An increasing number of initiatives thrive to promote landscape management at multiple scales and decision focuses (e.g. impact assessment, policy design,
technology development, planning management and implementation of landscape conservation measures etc.) but concrete action is lagging. The complex problems
(characterized by deep uncertainties, multiple interests and knowledge references) as well as correspondent solutions of many of these initiatives are often
addressed through technical analysis (e.g. observed and foreseen impacts of climate change) and a limited consideration of the importance of adopting an adequate
leadership style acknowledging the importance of behavioral and process-design issues. Increasingly, authors and practitioners consider that for moving landscape
conservation agenda forward, leadership style to be adopted at a given stage of a landscape conservation initiative should be adapted to the socio-institutional
context and informed by behavioral and process-design aspects. We find that different leadership styles might be needed to mobilize social action from one phase of
the landscape conservation planning and implementation cycle to another.

Keywords: landscape, adaptive leadership, planning
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Background: The hegemonic conservation strategy worldwide is the creation of protected areas with reduced or (presumed) absent human influence, a dichotomic
tradition that artificially opposes the "society" and the "environment". However, such strategy is frequently pervasive for local communities that suffer severe
restrictions in their livelihoods. To recognize the limitations of this preservationist strategy is the first step to pave the way towards a new conservation paradigm
based in environmental justice. Methods: We aim to evaluate the prevalence of socio-environmental conflicts involving local communities and protected areas, using
the Brazilian tropical dry forests (TDFs) as a case study. We separated these PAs into "integral protection" and "sustainable use" according to the Brazilian
legislation. We then conducted an extensive survey in the scientific literature and official documents to determine if a given PA had (i) a management plan, which
indicated the degree of governance of that PA; and (ii) the existence of a reported conflicted involving each PA. Results: Our survey included 34 PAs in Brazilian
TDFs, of which only eight belonged to the "sustainable use" category. Only eight of these PAs (23.5%; all of them of integral protection) had a management plan,
reflecting that most Brazilian PAs are "paper parks" that lack investments in land regularization, staff and infrastructure. We detected reported conflicts for 24 PAs
(70.5%; 20 PAs of integral protection and four of sustainable use), mostly related to territorial claims of the local communities that were expropriated for the PA
creation. Among the PAs with no reported conflicts, only one had management plan, indicating that this governance instrument was not effective for reducing socio-
environmental struggles. Discussion: Our results indicate that the conservation strategy for Brazilian TDFs prioritizes the creation of PAs of integral protection, which
reinforces the dichotomic separation of human-managed and human-free habitats. However, the prevalence of socio-environmental conflicts involving PAs is very
high despite the PA category, because they are intimately related to the territorial claims generated by the eviction of local communities. Conservation plans must
take local and traditional management systems into account to avoid expropriation and harmonize environmental preservation and social justice.
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The agroecological matrix approach to the conservation of biodiversity at the
landscape level
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Most of the world's natural ecosystems, especially in the tropics, are fragmented, with a large percentage of the terrestrial area now dedicated to managed
ecosystems, pastures for livestock, forestry and agricultural systems. Consequently, managed areas must play an important role in conservation of biodiversity. Here
we argue that in fragmented habitats, the matrix in which fragments of natural habitats are embedded determines whether species can be maintained in the long run
or not. Agroecosystems serve both as habitat (good or bad) for biodiversity and as a matrix through which organisms need to migrate to persist as metapopulations,
balancing the inevitable local extinctions. The way these agricultural systems are managed can determine if a particular population can persist in the landscape in the
long term. Over the last decade, the complex interconnected issue of food production and conservation of biodiversity has been oversimplified as a binary, either
land-sparing or land-sharing. We argue that while this framing is convenient for short term brute force empiricism, it is misleading if the goal is long-term
conservation. With a heuristic qualitative model we show how a variety of long-term alternatives emerge from simple unavoidable biological assumptions. We also
discuss the inevitable socio-political consequences of the debate and propose the concept of food sovereignty, championed by some of the largest peasant
organizations in the world, as a practical way of achieving rational land management at a landscape level.

Keywords: food sovereignty, food crisis, metapopulations
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Conventional livestock production must shift towards more sustainable systems to face climate change challenges. Governmental policies in Latin America are
investing in the development of Nationally Appropriate Mitigation Actions (NAMA) for agricultural and livestock sectors. Both scientific and local knowledge along with
farmers' experiences are critical to support NAMA development and to achieve the carbon (C) neutrality goals set by these governments. However, information
related to key ecological processes and dynamics taking place in tropical managed lands, such as greenhouse gas (GHG) emissions and mitigation capacity, are
only available in fragmented and dispersed formats. Consolidated knowledge about the aforementioned processes are critical in understanding how the actual
biodiversity inside land management schemes are able to preserve ecological functions and ecosystem services (ES). We present results on GHG emissions and
mitigation actions in livestock systems (LS) and the application of life cycle analyses (LCA) to a range of CR beef farms. Our goals are (1) to identify the potential role
of tree diversity conservation inside anthropogenic landscapes for the provision of ecosystems services and (2) to identify knowledge gaps related to these topics to
set research priorities for tropical pasture lands. Literature review included scientific and grey sources on GHG emissions, mitigation actions, C balances and ES
provisioning within LS. National survey statistics and data from field trials were used in the LCA to estimate potential productivity improvements for beef systems
across the main agro-climatic zones of CR following a shift to rotational grazing with and without pasture improvement. System boundaries were expanded to
consider scenarios of land sparing (reforestation) and land sharing (SPS). Progress to date includes identification and acquisition of 275 documents related to C,
GHG and LCA published in the last 25 years. Ongoing data analyses showed evolution of C, GHG and LCA. Publications related to GHG emissions were dominant
during 1990s. A more integrated approach in C research emerged around 2000 when studies started to focus on C cycles, soil organic C, above and below ground C
and C balances. Latin-American countries have contributed with studies focusing on C biomass, GHG mitigation, emissions and balances, however European
countries are leaders with recent research focusing on farm modelling and application of LCA.
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Forest conservation in no man's land:
protected areas and forest loss in the Catatumbo basin
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Background: The Catatumbo river basin (CRB) is located in the international frontier of Venezuela and Colombia, southwest of Lake Maracaibo, flanked by the
eastern and western Andes Cordillera. The CRB contains around 14,000 km2 of montane and lowland forests which are considered among the richest in flora
diversity of the humid tropical forests. Although the area has been mostly inhabited by rural indigenous and non-indigenous communities, it has already lost 53% of
its extent and it maintains high widespread deforestation rates within its boundaries. Deforestation has been driven by oil exploration and the expansion of
subsistence and commercial agriculture which includes illegal crops and the continuous expansion of secondary roads for colonization. Methods: Using remote
sensing data from 1985 to 2015, we analyzed spatial and temporal patterns of deforestation within the CRB with special emphasis on the importance of local
Protected Areas (IUCN categories II, Ill, V and VI) for avoiding deforestation during the study period. Results: Our data suggests that forest protection has not been
guaranteed through the creation of areas of strict protection and management regimes in the CRB. Protective zones (management regimes), in the Venezuelan side
of the CRB, show similar levels of deforestation within and outside its boundaries. Forest protection was only effective in the Santurban-Salazar de Las Palmas and
Los Estanques protected areas (IUCN Il and Ill) in the Colombian side. The Catatumbo-Bari National Park (Colombia, IUCN Il), however, shows high levels of
deforestation up to 10 km within its boundaries and although the Perija National Park (Venezuela, IUCN II) shows low levels of deforestation at its core, increase in
the expansion of secondary roads and small scale agriculture in the margins are evident in the premontane valleys. Discussion: Results suggest that the
effectiveness of deforestation avoidance in protected areas in the CRB is a function of differing biophysical, social, economic and institutional forces across the
region. The persistence of continuous forest remnants in the core of the Catatumbo-Bari and Perija National Parks are likely to be the result of lack of accessibility
conditions and indigenous presence, and not a result of effective institutional control. However, current trends in forest loss demonstrate that these conditions do not
guarantee forest protection in the near future.

Keywords: Colombia, Venezuela, Deforestation, Protected Areas
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Introduction: Ethnoecology is an interdisciplinary field that aims to investigate the knowledge of traditional peoples and communities and their ways of interacting
with nature, be it in the material and economic fields or in the symbolic and spiritual ones. From a review of bibliographical and empirical studies which describe
socio-ecological systems, it is possible to observe that peoples' and communities' environmental history finds itself directly related to the experiences of biodiversity
conservation, sustainable use, and management. Methodology: The present work presents results of ethonoecological research carried out with riverside
communities from Medium S&o Francisco River Basin, Brazil. These studies were carried out through several ethnographic ventures making use of techniques such
as open interviews, direct observations, and participative diagnosis. Results: The riverside communities hereby taken into consideration identify themselves from
specific relationships to the natural resources and the environmental characteristics of the geographic space in which they are living by the S&o Francisco River.
Fishery communities have artisanal fishing as the reference to their way of life. Tide-water settler communities (comunidades vazanteiras), beyond artisanal fishing,
occupy and cultivate on the islands and on the river banks' wetlands. Both groups face environmental conflicts related to the dispute of their territories with
agribusiness and with Conservation Units established by the State. These communities organized themselves in resistance movements to ensure the resumption of
their territories. They also report biodiversity loss in these areas, corroborated by scientific data, due to them being precluded from carrying out their traditional ways
of resource use and management. Final considerations: The study of these traditional populations' environmental memory and practices demonstrate that focusing
on socio-ecological systems' management and community management would be more effective with regards to conservation of biodiversity than the classic principle
of untouchability established by conservation ecology.

Keywords: Riverside Communities; Community Based Management
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The impacts of the 2015/2016 El Nino on ecosystem growth and respiration
across the tropics

Yadvinder Malhi**, Cécile Girardin', Sam Moore?, Terhi Riutta', Erika Berenguer?, Daniela Requena Suarez?, Alejandro Araujo Murakamis, Lucy
Rowland4, Patrick Meirs, Antonio Lola Carlos Da Costa®
School of Geography and the Environment, University of Oxford; 2School Of Geography And The Environment, University of Oxford; ® Museo Noel Kempff Mercado, Bolivia; “Department
of Geography, University of Exeter; 5School of Biology, Australian National University Research; ¢ Universidade Federal do Para, Brazil
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Background: The EI Nifio of 2015/2016 was among the most significant recent climate events across the tropics, with high temperatures recorded across most
tropical land regions and strong droughts recorded in parts of Amazonia, Africa and Southeast Asia. Global atmospheric data suggest that during this period the
terrestrial biosphere was a source of carbon to the atmosphere, with the terrestrial tropics the major contributor to this carbon source. It is unclear which mechanisms
(photosynthesis, growth, plant respiration or autotrophic respiration) contributed to this tropical carbon source. Methods: The Global Ecosystems Monitoring (GEM)
network tracked tree growth and tree and soil respiration throughout the EI Nifio, in sites across Amazonia, Africa and SE Asia. We recorded detailed descriptions of
the full ecosystem carbon cycle, including wood, leaf and fine root production, and respiration from live wood, dead wood and fine roots. Results and Discussion:
The results will be processed in time for the meeting. We anticipate that the results will enable insights into the relative importance of changes in tree growth and
respiration in contributing to the global carbon cycle anomaly during the EI Nifio. By comparing drought, non-drought, and burnt sites, we may also be able to
discriminate the influences of temperature, drought and fire on the carbon cycle. Ultimately, we plan to scale up these results to quantify the magnitude and
mechanisms of the tropical biome carbon source during the El Nifio, and explore what this means for the stability of the tropical biosphere carbon balance under
climate change.

Keywords: El Nino, carbon cycle, drought
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Background: Prediction of the fate of tropical forests under a changing climate requires understanding of species responses to climatic variability together with the
environmental factors that allow species to persist in the context of climatic extremes. Seedlings may be particularly vulnerable to climatic stress given low stored
resources and undeveloped roots; they also provide a glimpse into the potential effects of climate change on future forest composition. Methods: Here we use data
for ca. 55,000 tropical seedlings representing 25 woody species collected between 2007 and 2016 in tropical forest in Puerto Rico to assess (1) the effects of inter-
annual variation in rainfall and solar radiation on seedling survival in this forest; and (b) how spatial heterogeneity in three environmental factors--soil moisture,
understory light, and conspecific neighborhood density-- modulate these responses. Results: Survival was higher in years of high solar radiation and low rainfall --
including an extreme drought-- but interspecific variation in these responses was large in both magnitude and direction overwhelming the average community
response. Spatial heterogeneity in soil moisture and density of conspecific seedlings were the predominant drivers of seedling survival with the majority of species
exhibiting greater survival in moist sites and at low conspecific densities. At the same time, this environmental heterogeneity plays an important role in modulating
impacts of rainfall and radiation on these forests. Negative conspecific effects are amplified during rainy years while the p ositive effects of radiation on survival are
more marked for seedlings existing at low understory light levels and in dry microsites. Conclusion. These results demonstrate that environmental heterogeneity not
only is the main driver of seedling survival in these forests but also plays a central role in buffering or exacerbating impacts of climate fluctuations on forest
regeneration. Since seedlings represent a key bottleneck in the demographic cycle of plant species, efforts to predict the effects of a changing climate on long-term
tropical forest composition and structure must take into account this heterogeneity and how its effects on regeneration dynamics plays out in long-term stand
dynamics.

Keywords: drought, radiation, seedling, soil moisture
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The Effect of the 2015/16 El Nino on Hydraulic Characteristics of Central
Amazonian Trees
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Background: extreme drought events in the Amazon forest have been more frequent in recent decades and are commonly associated with the El Nifio
phenomenon. Such an extreme drought occurred in 2015/16 and offered a unique opportunity to enhance our understanding of how Amazon trees respond to severe
water deficit. How plants respond physiologically to such extreme short changes between water supply and demand, caused by climate anomalies, is still unknown.
Methods: here, we present in situ observation of pressure-volume and vulnerability curves, monthly leaf water potential, leaf temperature and sap velocity from four
Amazonian tree species during the 2015/16 EI Nifio (July/2015 to February/2016). The measurements were conducted on four trees, Pouteria anomala, Pouteria
erythrochrysa, Eschweilera cyathiformis, Couepia longipendula, around the K34 tower (2°35.37’S, 60°06.92'W) at the Reserva Biologica do Cueiras (also known as
ZF-2), located 90 km NNW of the city of Manaus, Brazil. Results and discussion: we show that three out off four species in Central Amazon crossed their hydraulic
threshold (e.g. reached their 50% loss of hydraulic conductivity - P50, their leaf turgor loss point or both) during the EI Nifio. This is potentially due to reduced
amounts of soil water available for plants, increased leaf temperatures and decreased air relative humidity. Precipitation during August-October/2015 was below
100mm and 35% lower than in 2010, the strongest drought ever recorded. In addition, leaf temperatures became higher reaching ~ 470C. This combination of
conditions resulted in the inability of these trees to cool their leaves via transpiration, leading to turgor loss (wilting point) that resulted in combined heat and water
stress damage to many leaves. In addition, sap velocity in all of the trees studied decreased considerably during the driest months and leaf water potentials became
more negative, even during the predawn, leading species to lose 50% or more of their hydraulic conductivity. Conclusion: our results corroborate the findings that
frequent droughts will lead to a combination of physiological stresses that potentially increase the risk of tree mortality linked to hydraulic failure. Furthermore, our
results demonstrate how vulnerable Amazonian tree species are to extreme drought events and improve our understanding of how changes in climate could affect
species distribution, tree mortality, and abundance in the tropics.

Keywords: Hydraulic-threshold, pressure-volume-curve, vulnerability-curve, leaf-water-potential, plant-water-relations
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Background: In 2016, one of the largest El Nino events ever recorded caused sizeable amounts of drying and an extended dry season in much of the tropical region
of West Africa. Given the wide reaching impacts of this drought event on both social and ecological system components, it was important to supplement local
household studies of impacts with larger landscape surveys to begin to upscale assessments of how local effects might inform resilience for potential future impacts.
However, this process is often difficult due the issues associated with remote sensing in these regions, namely the clouds and Harmattan weather patterns.
Methods: This study assessed the impact of the 2016 EI Nino on three communities bordering Kakum National Park in Southern Ghana using a mixed methods
approach. In order to assess the social impacts of the El Nino, the responses from the large household survey carried out in the region during 2015, 2016 and 2017
were used. This was combined with high resolution drone imagery of the region captured during late 2016 and early 2017. The images generated from the drone
census are fine scale and highly detailed allowing a robust classification of land use. Further, these two datasets were meaningfully tied to one another by using the
parameter of the survey respondents farms to nest the qualitative data in space. Results: The results of this study indicate that geographic factors contributed to the
experiences of community members during the El Nino. Those farmers who had access to a greater area of land, as well as a diversity of crop types were least
affected during the drought. Further, the responses between communities differed, with one community suffering more apparently due to an overspecialization on
cocoa in the region, and an associated lack of subsistence crops. Conclusion: The outcome of this study highlight the diversity of responses to drought events, and
highlight the need to undertake larger scale studies using mixed method approaches.
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El Nino drought impacts on Ghanaian cocoa livelihoods
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Backgroud: Cocoa is the primary ingredient in chocolate, and a major cash crop that supports the livelihoods of millions of smallholder farmers. 70% of the world's
cocoa is grown by West African smallholders who depend on this crop to support their families. However, climate change adversely affects temperature, humidity,
precipitation, soil quality, and agricultural pests - all to the detriment of the very fragile cocoa crop, undoing decades of economic development and poverty
alleviation. Climate shocks, such as extended drought and erratic rainfall, are already increasing in frequency and severity in tropical West Africa. El Nifio impacts are
particularly pronounced across the tropics, with West Africa especially vulnerable both meteorologically and in terms of its lower economic development. Methods:
Across cocoa-growing West Africa, 2015's powerful El Nifio caused climatic conditions similar to those predicted by the IPCC: hotter temperatures, and more erratic
rainfall. In this study, we assess the impacts of 2015-16's El Nifio-induced drought on Ghanaian cocoa households' livelihoods, particularly to gauge how future
climate change shocks could impact cocoa livelihoods. In 104 household surveys and nine focus groups - conducted in six villages around Kakum National Park,
Southern Ghana - cocoa farmers detailed how they have coped with prolonged drought. Results: Survey respondents revealed the hardships they endured and the
adaptive strategies they employed in attempt to bolster their livelihoods. Our analysis identifies farmers' personal adaptive actions, and places them on a spectrum of
disruptive change. This spectrum of adaptation ranges from least disruptive to total failure: i.e., from changing planting or harvesting dates, to extending cultivation
into wetter lands, to diversifying income sources, to switching to another crop, and finally to completely abandoning cocoa cultivation by migrating to an urban area. In
parallel with farmers' personal adaptive resilience, we also consider resilience of the broader cocoa growing system. For instance, we find that the most personally
resilient farmers employ adaptive strategies that undermine the future of cocoa cultivation. Conclusion: This research reconciles smallholder livelihoods from a
personal resilience perspective with the continued cultivation of sustainable cocoa. Extension of our research in Cote d'lvoire, surveying Ivorian cocoa smallholders,
is currently under way.

Keywords: resilience; livelihoods; cocoa; El Nifio; drought
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Background: Extreme droughts increase tree mortality and reduce primary productivity in tropical forests. The unusually strong 2015 EI Nifio was associated with a
profound precipitation and temperature anomaly in central Amazonia. Stomata control is an important mechanism by which trees prevent catastrophic xylem
cavitation and therefore decrease the risk of mortality, even at wet Amazonian forest ecosystems. Therefore, understanding hy draulic functioning of Amazonian trees
is key to predict the vulnerability of tropical vegetation to extreme drought events. Methods: Seasonal variation in leaf water potential, photosynthesis and stomatal
conductance (gs), dynamics of non-structural carbohydrates and vulnerability to embolism/ hydraulic safety margins were evaluated for eleven mature canopy trees
during the 2015 El Nifio at a central Amazonian forest site. Results: The average water potential at which 50% loss of xylem conductivity occurs (P50) was lower (-
3.3 MPa £ 0.9) than the observed for other tropical forests (-2.08 MPa + 1.43). The average minimum water potential in the dry season (Pmin) was -1.7 MPa + 0.39,
leading to a large hydraulic safety margin of 1.6 MPa. The maintenance of xylem water potential, despite increasing VPD and decreasing soil moisture, was related to
a 43% reduction in stomatal conductance in the peak of the drought. The substantial decline in gs during the El-Nino drought led to a 40% drop in photosynthesis and
61% depletion of the non-structural carbohydrates pools. Conclusion: Strong stomatal regulation is a common drought-avoidance mechanism for canopy trees in
central amazon, impacting negatively the carbon balance of these forests during extreme droughts.
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Phylogenetic diversity of the American oaks
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Oaks (Quercus: Fagaceae) are dominant species of temperate and subtropical forests throughout North and Central America. Ecologically, culturally, and
economically, oaks are among the most important trees in the world. Yet hybridization and lineage sorting have long dogged efforts to reconstruct phylogeny in the
oaks. We have in the past few years had a great deal of success inferring species-level phylogenetic relationships in oaks using restriction-site associated DNA
sequencing (RADseq). In this talk, we present a Pstl RADseq phylogeny of the American oaks that includes more than half of the estimated 150 species. The
RADseq data support clear and strongly supported species coherence and phylogenetic signal that is structured along morphological and biogeographic lines. The
red and white oaks demonstrate parallel ecological and biogeographic diversification, as both clades have filled many of the same edaphic and climatic niches.
Evolving in response to moisture and temperature gradients, both clades underwent an increase in speciation rate upon dispersal into and subsequent radiation
within Mexico. Red oaks and white oaks may be found growing together throughout North and Central America, rather than separating along clear ecological or
biogeographic gradients. This parallel history of species divergence explains much of diversity and ecological importance of oaks in the Americas.

Keywords: convergence, phylogenomics, Quercus, RADseq
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Background: Negative density dependence (NDD) has been long posited as a possible mechanism explaining species coexistence in tropical forests. Quercus
costaricensis is a monodominant oak species in the Costa Rican mountains. Adult trees reproduce in synchronous masting events, leading to the germination of
large numbers of seedlings. Exploring the relative importance of density-dependence on seedling mortality and recruitment may provide insights into the mechanisms
regulating population dynamics of this endemic and abundant species. Methods: In 2015 all Q. costaricensis individuals were mapped, tagged and measured in four
20x20m plots placed in pristine upper montane forests (3100 m asl) in Costa Rica. We used spatial statistics and generalized linear mixed models to determine (1)
the effects of conspecific density, the density of Chusquea bamboo shoots and the amount of herbivory on the survival probability of 3799 seedlings, and (2) the
effect of seedling and Chusquea density and distance to nearest trees in seedlings recruitment after the 2016 masting event. Results: Seedling height had the
strongest positive effect on seedling survival, while bamboo density and herbivory both significantly decreased seedling survival after one year. We did not find
evidence of NDD regulation as distance to the nearest conspecific tree or seedlings density had no significant effect on seedling survival. After masting, 1578 new
seedlings recruited into the population. Only seedling density positively affected seedling recruitment. Conclusion: Despite significant levels of herbivory, predator
satiation may explain the lack of density dependent regulation in this species. We argue that weak NDD may explain dominance of Q. costaricensis in the upper
montane forests of Costa Rica, and that herbivory and interspecific interactions with the native bamboo Chusquea may be the main biotic factors regulating
population growth in this endemic oak species.
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Background: Understanding the role of the environment in shaping genetic variation is a major goal of landscape genomics, which also provides valuable
information for species management under global change. New genomic tools available for oaks (Quercus spp.) offer unprecedented insight into the genes that
contribute to local adaptation to different environments along the landscape. One important question for comparative studies is whether the same genes are involved
in environmental adaptations in different species. Methods: We applied a landscape genomics approach in Quercus rugosa in Mexico and Q. lobata in California to
test whether the same climate variables structured overall genetic variation and whether the same genes might be involved in adaptation along similar environmental
gradients. Using genotyping-by-sequencing of over 400 trees, we generated thousands of SNPs. To identify specific loci under the influence of natural selection for
local adaptation and the particular climate factors shaping genome-wide variation, we analyzed these SNPs using multivariate non-linear models and latent factor
mixed models. We then utilized our recently generated annotated Q. lobata reference genome sequence to characterize the genomic context of SNPs with significant
associations and attribute potential functions to them. Results: We found that climate variables were significantly associated with genomic variation but they differed
among species and among different spatial scales within species. A number of specific SNPs and genes were identified as candidates for local adaptation in each
species, but do not generally overlap. Discussion: Our initial findings provide evidence of the impact of natural selection on different loci in these closely related oak
species. Moreover, these results provide insight into selective forces along the natural landscape and generate a list of candidate genes associate with response to
climate that warrant additional study.
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Climate change will alter patterns of natural selection on terrestrial plants. The potential of tropical tree species to respond to these changes via plasticity or adaptive
evolution is made both more complicated and more important by their longevity. We have investigated the consequences of climatic regime and dry season drought
stress on the genetic distribution of ecophysiological traits in the tropical lowland oak, Quercus oleoides. We applied both genetic and physiological approaches to
characterize patterns of natural selection and adaptive differentiation among populations from contrasting climatic regimes under natural and experimentally imposed
water limitation. Several insights have emerged. First, we did not find clear evidence for local adaptation in reciprocal transplant experiments in Honduras and Costa
Rica. Nevertheless, greenhouse and common garden experiments revealed strong intraspecific differences in functional traits and indicate that precipitation regime
has played an important role in driving adaptive divergence in this widespread species. Populations from xeric climates with more severe dry seasons exhibited large
mesophyllous leaves (with high specific leaf area - SLA), and leaf abscission in response to drought, consistent with a drought avoidance strategy. In contrast,
populations from more mesic climates with less severe dry seasons had small and thick sclerophyllous leaves with low SLA and reduced water potential at the turgor
loss point (Ttip), consistent with a drought tolerance strategy. Mesic populations also had showed highest plasticity in leaf turgor loss point in response to water
availability, indicating that osmotic adjustment to drought is an important component of this strategy. Qst-Fst comparisons from plants in common environments
showed evidence for selection in several functional traits, including SLA, leaf thickness and stomatal pore area. Variation in functional attributes was not associated
with neutral population genetic structure resulting from vicariance events in Central America in Mexico but appear to be associated with relatively recent climatic
variation that has occurred since the last glacial maximum. Combined, this body of work provides evidence for adaptation differentiation across climatic gradients as
well as high plasticity and genetic diversity in traits that may allow resilience in response to climate change.

Keywords: climate, traits, reciprocal transplant, adaptation
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Background: Oaks are highly diverse in Mexico. Such diversity currently faces habitat destruction and climate change, among other anthropogenic pressures.
Despite our comprehension of oak diversity and evolutionary history has increased in the last decades, there is still an important dearth of knowledge and consensus
regarding their conservation status, as well as effective conservation strategies for their preservation. Methods: Mexican oak diversity was characterized using
ecological niche modeling for current and future conditions (i.e., three 2080 climate change scenarios). Climatic suitability changes were estimated by describing the
geographic displacement and/or contraction of oak hotspots. Species richness and risk assessment categories were compared between natural protected areas
(NPA) and botanical gardens (BG) to evaluate their effectiveness in preserving ecological and/or evolutionary processes related to Mexican oaks. Result: There are
97 oak species in NPA, mostly represented by those of broad distributions (e.g., Quercus castanea). Most of such species have been classified of ‘least concern' (35
species) and only a few are considered as endangered. Ex-situ conservation strategies (BG) showed to shelter 77 oak species, most of which are also classified of
‘least concern' (40 species) and a small number of endangered ones. Thirty-nine oak species were protected in both NPA and BG, 59 were unique to NPA, and 20 to
BG. Climate change scenarios suggest contractions in the climatic suitability values and habitat fragmentation for the oak forests. Discussion: Despite Mexican
montane systems harbor impressive oak diversity, there is a worrisome scenario regarding their conservation. Climate change s cenarios indicate important changes
in the species climatic suitability that may enhance fragmentation and loss of connectivity, without considering current anthropogenic pressures (e.g., agricultural
fringe, timber over-exploitation). Current diversity and conservation studies have focused on describing oak species richness and endemism, highlighting the need of
larger NPA that could enhance their population numbers and connectivity. Yet, there is no clear diagnosis of both in situ and ex situ strategies. However, our results
suggested that NPA and BG are acting as reservoirs of limited ecological and evolutionary processes.
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Background: The ecological linkages between the aboveground and belowground biotas currently are the subject of intense investigations. Particularly, the
relationships between species richness and composition in plant communities and microbial soil communities are not yet clear. The genus Quercus is one of the most
important components of temperate forest communities in the Northern Hemisphere, and Mexico is the main diversification center of the oaks in America. However,
soil nutrient dynamics and microbial diversity in highly rich oak communities of Mexico has been scarcely investigated. Methods: We characterized the tree diversity
and composition of 22 oak-dominated forests in Central Mexico along a gradient of species richness, and collected soil and litter samples. We measured the activity
of three ecoenzymes produced by the microbial communities, implicated in the liberation of C (8-1, 4-glucosidase; BG), N (B-1, 4-N-acetylglucosaminidase; NAG),
and P (alkaline phosphatase; AP) from organic molecules, and determined the soil nutrients concentration (total, dissolved and available C, N and P), as well as
microbial C, N and P. Metabarcoding of the bacterial community was performed for each sample on amplicons of a fragment of the 16 S ribosomal ARN gene using
next-generation sequencing techniques. Results: Total oak species richness did not have an important effect on the measured variables. However, as the proportion
of white oak species increased over red oaks in the communities, we observed a higher concentration of total nitrogen, total phosphorous, dissolved organic carbon,
dissolved organic nitrogen, dissolved organic phosphorous and higher activity of the betaglucosidase enzyme. However, a slight decrease in the diversity of bacterial
phyla was observed along the same gradient. Conclusions: Our results indicate that the composition of the tree communities is more important on ecosystem
functions than species diversity per se. Specifically, biogeochemical processes and the structure and composition of the bacterial community in the litter depend on
the variation in the proportion of white and red oak species in each site.
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Rate of spread, intensity, and heat stress decrease as tropical savanna fire
approaches forest edge

Anabelle W. Cardoso”, Yadvinder Malhi2, Imma Oliveras?, William Bond?, Katharine Abernethy*
School of Geography and the Environment, University of Oxford; 2School of geography and the environment, University of Oxford; 3 University of Oxford School of Geography and the
Environment; “Biological and Environmental Sciences, University of Stirling

*Correspondence Author. E-mail: anabellecardoso@gmail.com

Background: In tropical landscapes, fire maintained savannas often mosaic with fire independent forests. These mosaicked landscapes have immense conservation
and tourism value, however they are currently threatened by global change, specifically by changing fire regimes and increasing atmospheric carbon dioxide. In the
face of such threat, fire is the most important management tool in forest-savanna mosaics. Understanding how fire behaves as it burns across such landscapes, from
open canopied, grassy savannas towards closed canopied, grassless forests is therefore crucial to understand if we are to effectively protect these valuable habitats.
Methods: This research was conducted in the forest-savanna mosaic of Lopé National Park, Gabon. Areas of the park burn annually as part of the fire management
programme. We calculated the fire intensity of 18 of these burns, and measured rate of spread and temperature variables using thermocouples. From these
measurements we calculated heat stress (°C.second) that a plant experiences during the burn. All variables were measured at varying distances from the forest edge
to assess how they changed as fire approached the forest from the adjacent burning savanna. Results: We found that the rate of spread, fire intensity, and heat
stress all decrease as the fire front approached the forest edge from the burning savanna. Furthermore, how far into the forest a fire burnt was significantly correlated
with fire intensity and wind speed. Char height after fire was found to correlate with fire intensity and temperature variables. Discussion: In order to effectively
manage this process of forest encroachment using fire, it is vital to understand how fire behaves as it approaches the forest edge from the burning savanna. This is
specifically important as aspects of fire behaviour can dictate how much damage woody plants may suffer during burning, and therefore fire behaviour at the forest
edge is directly related to how much forest encroachment a forest-savanna transition might experience. Our results indicate that the effectiveness of fire as a tool to
curb forest encroachment in the tropics is decreased closer to the forest edge, and thus extra care should be taken by managers to ensure that burning only takes
place on the driest and windiest days. Post-fire char height was found to be a useful management tool as it can be employed as a quick-and-dirty method to assess
fire intensity and temperature characteristics of a burn.

Keywords: fire intensity, savanna, forest encroachment
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Environmental changes and the pyroecography of the Amazon
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Background: The Amazon, Earth's largest tropical rainforest, is exposed to extensive transformations due to human activities that changes land cover and climate.
One of the main consequences of human interference and climate variability on the Amazonian forests is the changes in fire sp atio-temporal patterns and its impact
on biogeochemical cycles and biodiversity. Therefore, the aim of this study was to quantify changes in fire patterns in Amazonia as a response to human-induce and
climate change and determine the impact of these changes on the carbon cycle and biodiversity. Methods: We used data of long-term monitoring of permanent plots
in burned forests and 13-years of monthly multi-satellite remote sensing data to depict rainfall and fire occurrence patterns and to evaluate the functioning of burned
forests through time. Results: We found that despite a 77% reduction in deforestation rates in Amazonia, the incidence of fires have not been reduced at the same
rates. Moreover, Amazonian fires tend to intensify during droughts, such as 2005, 2010 and 2015, contributing with an increase in Amazon carbon emissions.
Interestingly, forests affect by fire do not recover immediately after the event. These forests stay as a carbon source for years after the event. Even after 10 years the
biomass and diversity of these forests are not recovered. Conclusion: Because of the long-term impact of fires on forest carbon and biodiversity, policy-makers must
urgently tackle fire problem in the Amazon aiming for effective environmental policies that can mitigate the problem. Alternative land management options should be
also part of a sustainability plan for local populations.
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Background: Wildfires pose one of the biggest threats to tropical forests, where they are strongly linked to extreme drought events, like those caused by the El Nifio.
In the Amazon, due to the unusually dry conditions resulting from the 2015-16 EI Nifio, many fires used for farming management escaped from agricultural areas into
nearby forests. As a result, the Brazilian Amazon experienced 87,024 fire events in 2015 - one of the largest records to date. Yet, our understanding of the fire
impacts on biodiversity and ecosystem functioning is severely constrained by the lack of studies with pre-fire controls. Furthermore, we have little knowledge of how
these fires interact with other human-driven disturbance, such as selective logging and edge effects. Methods: We address these knowledge gaps by using a robust
Before-After-Control-Impact experimental design to investigate the impact of El Nifio-mediated fires on plant communities, forest fauna (dung beetles and birds), and
associated ecological processes (dung beetle-mediated soil bioturbation, dung removal and seed dispersal) sampled in 38 permanent plots in the Brazilian Amazon.
Our study plots are distributed along a gradient of human disturbance, encompassing from undisturbed primary forests to secondary forests. All taxa were surveyed
following exactly the same methodologies in 2010 and 2016 (six years before and six months after fires burned 15 of these plots, respectively). Results: Preliminary
results have demonstrated the negative impacts of El Nifio-mediated wildfires on distinct community metrics from all studied groups. For example, we found that fires
significantly decrease the richness of all taxa, with burned plots losing up to 50% of its biodiversity. In addition, rates of all dung beetle-mediated ecological functions
decreased in the plots burned during the last El Nifio event. Discussion: This research advances our understanding of the fire impacts in human-modified
Amazonian forests. Our results clearly demonstrate that wildfires are important agents of change in tropical forests that did not evolve with the presence of fire,
significantly affecting biodiversity conservation and ecosystem functioning. Ultimately, as many climate models predict drier, hotter and longer dry seasons in the
Amazon, we also believe that our results will be important to subsidise effective forest management strategies and fire policies to reduce the fire occurrence in the
light of future severe dry seasons.
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ID:1086
Monday Maya
Symposium: Socio-Ecological dimensions of changing fire regimes for tropical biodiversity conservation

Post-fire resprouting and bud protection strategies in Brazilian Neotropical

Savanna woody plants

Marina Scalon”, Imma Oliveras?, Beatriz Marimon?
"Ecology, Universidade de Brasilia; 2Environmental Change Institute, University of Oxford; *Biology, Universidade do Estado do Mato Grosso

*Correspondence Author. E-mail: marina_scalon@yahoo.com.br

Background: Plants occurring in fire-prone environments are expected to have a set of adaptations to survive, such as resprouting ability, thicker barks, bud
protection strategies and/or investing in primary growth to escape fire. Woody plants in the seasonal Brazilian savanna (cerrado) show a variety of different strategies
in leaf phenology, that affects carbon and water balance, which probably reflects on fire-induced responses. We set out to test the hypotheses that distinct leaf habit
would lead to different fire-related traits, and to different response strategies to fire. Methods: We selected the six most common woody species representing each
leaf habit group (i.e. deciduous, briefly deciduous and evergreen), totalling 18 species.We measured tree mortality and topkill; type, number and volume of sprouts in
an accidentally burned area of typical cerrado vegetation. In an adjacent unburned area, we measured inner and outer main stem and branch bark thickness, and
characterised bud protection in selected unburned individuals of the studied species. Results: While only ~ 50% of evergreen individuals showed signs of fire-
induced resprout, the vast majority of briefly-deciduous (> 90%) and deciduous individuals (> 70%) resprouted. Deciduous species showed thicker total bark,
combined with more protected dormant buds, reflecting in a higher post-fire canopy recover. On the contrary, evergreen species showed thinner barks and more
exposed buds but, unexpectedly, also showed the lowest proportion of tree topkill (~15%). The highest rates of topkill (~30%) and the highest proportion of
underground post-fire resprouting were observed in briefly-deciduous species. There was no difference between the three groups regarding tree mortality.
Conclusion: Cerrado species show different sets of fire-related traits to survive. These traits are linked to species ecological strategies, and vary according to their
leaf phenological behaviour. Our findings also shed light on how fire-exclusion policies may favour different groups of species, leading to changes in plant
communities over time.
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Background: The 2015/2016 El Nifio was among the strongest that ever hit the Amazon Basin. In Brazil, the severe dry season caused by the phenomenon led to
widespread understorey fires, affecting both areas of intact and human-modified Amazonian forests. Given the predictions of more frequent extreme droughts like the
one caused by the last El Nifio, it is crucial we better understand how the combination of drought and fire affect forest carbon stocks and plant communities alike.
Methods: In 2014, we established 20 permanent plots in the Brazilian Amazon, distributed along a human-disturbance gradient. Both carbon stocks and plant
communities have been monitored in these plots for one year before and one year after the onset of the last EI Nifio, when fires hit 10 of our study plots. Using
detailed measurements of plant mortality, tree growth and the production of leaf litter and dead wood in all plots, we investigate the magnitude of the impact of the
last El Nifio on human-modified Amazonian forests. Results: Preliminary results show that drought increased tree mortality across all plots, including the control
sites. However, fires had an over-riding impact, killing c. 50% of all plants in the affected plots, with small-stemmed trees being more affected than large-stemmed
ones. Surprisingly, mortality rates were lower in secondary forests plots than in even the control sites. Discussion: Our results give us a glimpse into the future,
when extreme droughts, and associated fires, are expected to become more frequent. They highlight the pervasive impacts of the last El Nifio event in human-
modified tropical forests, which could have possibly turned these forests into carbon sources rather than sinks. If we expect tropical forests to continue to provide the
same set of ecosystem services that they currently do, it is vital to create efficient mechanisms to better protect them from fires, especially in years of extreme
drought events.
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Background: Severe peat fires are increasingly prevalent in Indonesia's oil palm frontier. Unprecedented fires in 2015 covered ~2.6million hectares, presenting
severe climate, public health and economic risks. In response a number of state and private sector (PS) initiatives have been implemented to mitigate future
disasters. These include a PS incentive-based scheme that offers a conditional performance-based reward. Previous pervasive short falls in policy performance
suggests that improved understanding of the determinants of success is needed. This study provides timely new knowledge that identifies which conditions, and
combinations of conditions, are related to high performance. These results can guide future efforts to secure equitable and sustainable outcomes in peatland
landscapes. Methods: A random sample of households (n 240) in 8 Fire Free Villages (FFV) in Riau province, Sumatra. Questionnaires solicited responses on
household economy, demography and perceptions concerning design elements of FFV. We constructed indices that measured village-level conditions that we
hypothesize are related to outcomes. We apply a 2-step fuzzy qualitative comparative analysis that allows for the influence of proximate (e.g. institutional quality) and
distal drivers (e.g. connectivity) of outcomes to be determined. Results: The dominant condition associated with high performance was the fear of sanctions.
Awareness about the reward was mostly held at the elite level, with many households having little awareness of this element of the intervention. Village size and
connectivity were also positively related to success, building on previous scholarship that identifies roads and community cohesiveness as important determinants of
sustainable outcomes. Discussion: We found that while the common discourse of the fire free village program describes it as an incentive-based scheme,
awareness raising over the illegality of burning was having more influence. While the fire free village model appears to be a reward based scheme, elite capture
meant that households were operating under a fear of sanction rather than in response to an incentive. Important questions are raised in relation to the burden of
intervention programs on an already marginalized land user group. We explore these results through an environmental justice lens and consider the policy
implications with a particular focus on how to improve policy performance in an equitable manner.
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Valuing and protecting multiple use forests in Brazil and Cameroon
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Background: Worldwide, and for many generations, small holder forest management systems have produced a range of goods and services while conserving
forests and biological diversity. In this paper, we use examples from the Brazilian Amazon and Cameroon to illustrate the value of forests for culture, nutrition,
medicine, income and ecological services, as well as how these values and management systems can withstand, or erode, in the face of widespread land use
change. Currently, communities must balance not only forest conservation and socio-economic development at the local scale, but contend with increasing frequency
and intensity of ecosystem transformation. Methods: Longitudinal studies including: forest inventories; interviews; food diaries; household surveys; marketing
surveys; and community workshops were repeated at various intervals over two decades in three forest-reliant communities in Brazil and three in Cameroon.
Results: Results illustrate how these systems integrate a wide range of species, habitats, and practices, capitalize on seasonal change, and grow from local
ecological processes and biological diversity. Rather than directed primarily at quick gain, they place a premium on endurance, resilience, and well-being over time.
Although these systems are dynamic and have always adapted to change, the pace of change today, and the pressures from other land uses, are greater and of a
different quality than previously experienced. Frequency and intensity of land use change can result in degradation of nutritional and medicinal resources as well as
an erosion of local knowledge and management systems. This paper also explores the factors that support or undermine the retention of traditional forest
management systems. Discussion/conclusion: Multiple-use, small-holder forest management systems not only create the basis for community, health and
sustainable livelihoods, but reduce risk in a complex and uncertain environment, helping local groups adapt to change, including climate change. Factors that support
or undermine the retention of traditional forest management systems in the face of land use change will also be explored, including the extent of social organization,
policy contexts, and the extent knowledge and practices are transferred across generations.
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Background: Brazil became an international showcase for forest conservation through its remarkable reduction in Amazonian deforestation from 2004 to 2013. This
success seemed largely due to a series of command-and-control policies, along with a decrease in commodity prices, which primarily discouraged large-scale
clearing for agriculture. Less attention has been paid to forest clearing by smallholders. In this context, implementers of subnational REDD+ initiatives in Brazil
applied customized intervention packages to achieve forest conservation mostly by supporting smallholders’ transition towards more sustainable land use practices.
Methods: As part of the Center for International Forestry Research (CIFOR) Global Comparative Study on REDD+, we evaluated the impacts of different types of
forest interventions on deforestation and smallholder well-being at five subnational REDD+ initiative sites in Brazil. We combined surveys in 37 villages and 1,100
households (including control groups) in 2010-2011 (pre-intervention) and 2013-2014 (post-intervention) with official deforestation data, to integrally assess changes
in both income and forest cover. We also analyzed smallholders’ self-perceptions of the effects of specific interventions on their land use and well-being. Results:
Smallholders at both intervention and control sites were exposed to intervention mixes that typically contained disincentives (e.g. forest law enforcement) and
enabling measures (e.g. the Rural Environmental Registry), whereas incentives (e.g. payments, alternative livelihood support) were applied mostly at intervention
sites. Household incomes grew in both intervention and control villages, with no significant changes between them. In turn, d eforestation was marginally reduced in
intervention villages while increasing in controls, though some caveats apply. Smallholders’ perceived that enabling measures and disincentives affected their forest
clearing decisions most clearly, yet disincentives were also associated with reduced well-being. Discussion: Our study suggests that intervention packages including
incentives, along with enabling measures and disincentives, may be more effective in reducing deforestation. The recent upswing in deforestation in the Amazon may
highlight the limits of command-and-control measures if landholders are not provided with incentives to conserve forests, particularly when forest clearing is central to
local livelihoods.
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Background: Wild orchids have been heavily harvested and traded across for the globe for centuries, and many species have suffered local declines or extirpation.
However, local use and trade of orchids is also widespread in many countries, including in Mexico, where some species have long traditions of cultural uses, and
where many species are heavily harvested and sold in local markets for cultural celebrations and as ornamentals. Despite regulatory frameworks for limiting harvest
and growing conservation concerns, there is still relatively little information on the orchid trade and its social -ecological consequences. Methods: We conducted a
review and meta-analysis of the literature on local orchid markets, orchid demography and orchid regeneration and propagation to 1) assess the nature and scale of
local harvest, 2) identify the consequences of harvest on orchid populations, and 3) assess the potential for sustainable use. Results: Our results show that while a
very large number of species epiphytic orchids are sold in local markets, heavy trade focuses on only a few species and peaks during their flowering periods. The
relative abundance of whole plants versus plant parts is highly variable across markets and species. Demographic studies of 9 species of epiphytic orchids show that
populations subject to harvest of whole adult plants, decline. However, for some species, cutting flowers, harvesting only the flowering pseudobulbs, or replanting
pseudobulbs offer promising strategies for sustainable use. Discussion/Conclusion: We draw on our findings to discuss the potential for the trade in epiphytic
orchids to allow for population persistence while continuing to support local cultural traditions and local livelihoods.
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For over 10 years, a network of scientists has worked together to generate new information, support decision-making, and produce practical recommendations for
sustainable management of Amazonian forests. Spearheaded by Embrapa (Brazilian Agricultural Research Organization) and focused on non-timber forest products
(NTFPs), this network (known as Rede Kamukaia) enables the gathering of ecological and socioeconomic data from across the entire Amazon basin. Knowledge
generation and dissemination is a primary result of Kamukaia and includes scientific articles (~35), dissertations and theses (~30), presentations in national and
international conferences (~125) and technical documents (~40). The network also supports interactions with decision makers, technical courses, radio programs and
field days as venues to exchange knowledge and develop sound public policies. We highlight three economically important species studied: Bertholletia excelsa,
Carapa guianensis e Copaifera spp. For B. excelsa (Brazil nut), fruit production was 10 times greater in the northern versus southeastern region of the legal Brazilian
Amazon due to differences in tree densities. While nut collection intensities varied greatly across the basin, natural regeneration was consistently sufficient to
maintain study populations. For C. guianensis (andiroba), results indicated an enormous variability in seed production between years. In contrast to B. excelsa, most
individuals did not consistently produce seeds on an annual basis, suggesting that local monitoring is critical for sound production estimates. Examination of the four
Copaifera spp. (copaiba) distributed across the basin revealed that oleoresin production capacity varies by species, and management protoc ols should account for
these differences. To improve extraction efficiency and reduce the manual labor typically required for oleoresin extraction, we recommend the use of a modified drill
mounted to a chainsaw. Our results provide baseline information that feeds directly into the National Plan to Promote Sociobiodiverse Production Chains. The
networked structure adopted not only facilitates comparative research; it also promotes data sharing, builds capacity, and strengthens professional relationships,
while generating technical recommendations for on-the-ground management. We hope that outcomes generated improve producer acquisition of NTFP benefits, and
enhance sustainable use and conservation of the forests on which they depend.
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Background: Harvest of Brazil nuts from the large, iconic tree Bertholletia excelsa generates substantial income for smallholders, providing a strong incentive to
conserve the mature forests where it grows. Although previous work has focused on the impact of nut harvest on new seedling recruits into B. excelsa populations, it
is still unknown whether current harvest rates allow for sufficient regeneration. Moreover, there is additional uncertainty for Brazil nut management in terms of
population response to climate change and other anthropogenic influences. Methods: We drew on 14 years of research in two sites in Acre, Brazil with different B.
excelsa nut harvest intensities (39% and 81%), to produce stochastic matrix population models. Results: Adult (> 120 cm dbh) abundance was projected to remain
close to the current observed abundance or higher through the next generation of trees. Estimates of generation times (or time to reproductive maturity) revealed
medians (and 25-75 percentile intervals) of 167 (126-200) and 83 (64-112) years for each site, respectively. Elasticity analyses revealed that the asymptotic
population growth rate (I») was most sensitive to stasis parameters (the rates of survival minus the rates that trees advance to larger size classes) in sapling (>1.5 m
height and <10 cm dbh), juvenile (10-40 cm dbh), and adult stages. Stochastic transition matrices calculated using variable diameter growth rates dependent on
rainfall yielded average I» values around 1.0 under extreme high, extreme low, and average annual rainfall. Discussion: While sustained high rates of Brazil nut
harvest and climate change could potentially negatively impact B. excelsa populations, changes in human use of the forested landscape is a more immediate
concern. To reduce the risk of population decline, smallholders and managers of B. excelsa rich forests should focus on conservation of pre-mature and mature
individuals. Survival of these existing trees is a more pertinent risk to B. excelsa demography that the fate of most of the seeds it produces.
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Background: Brazil nut tree (Bertholletia excelsa Bonpl.) is an Amazonian species. Certain ecological characteristics of this tree might have been encouraged by
past or contemporary human activities. For example, the high performance of young trees (saplings, juveniles) under sunlight conditions may be favored by forest
gaps and/or low intensity human disturbance (subsistente agriculture). Still, the partnership between man and tree is not always positive. The recent transformation of
forests into pasture areas has led to high mortality of Brazil nut populations (in spite of legal protection) and pronounced decreased productivity of the remaining
trees. Methods: We planted 144 saplings in experimental plantations at the Trombetas River valley, with three natural light treatments: manioc field (100% canopy
removal), young secondary forest (20-80% canopy cover) and under forest (< 10% canopy opening). For nine years, plant height and stem diameter were measured,
and mortality recorded. Besides, for tree years, we recorded the fruit production of Brazil nut populations in disturbed areas (closely located): pastures and secondary
forests. Results: The Brazil nut plants at the manioc field had the greatest growth (height, diameter) than the other two treatments. The open field saplings grew in
height five times more (151 £34,2 ¢cm year-1) and in diameter (1,8£0,5 cm year-1) eight times greater than those planted in secondary forest (height, 23,0+16,7 m
year-1, diameter, 0,2+0,1 cm year-1). Under the forest, the growth of saplings was insignificant after nine years. The survival rate varied according to the treatment:
96% (manioc fields), 63% (young secondary forest) and 17% (close canopy forest). In other study, the monitoring of Brazil nut tree production in deforested area
showed that the fruit production was significantly lower than in the secondary forest area. We recorded worst environmental conditions in the grazing areas compared
to secondary forest: higher fire frequency, the soil significantly more compacted and with less moist content, higher daytime temperature and lower ambient humidity.
Conclusion:: We report that the performance of Brazil nut saplings dependent on ambient light, with higher survival and growth in conditions of high light exposure.
However, when the areas of occurrence of Brazil nut populations endures frequent and/or intense disturbance, the survivors trees have low productivity because of
unfavorable environmental conditions.
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Background: Community families throughout tropical regions derive an important share of their income from multiple forest products, with generally positive
outcomes on their livelihoods. However, the production of these forest products in a multiple-use forest management system (MFM, the production of multiple forest
products within a single management unit) encompass many (yet) unknown socioeconomic and ecological feedbacks. In particular, MFM entailing timber and non-
timber production may be affecting the future availability of valuable timber and non-timber tree species due to the extraction of vital plant components. We evaluated
the social, economic, and ecological viability of an important MFM system widely practiced by community households in the Bolivian Amazon: Amazon or Brazil nut
(Bertholletia excelsa) harvest and logging of 17 commercial timber species. Methods: We carried this research in 24 community households located in six
communities with community forest management plans (CFMPs). We used multi-model inference and structural equation modelling techniques to determine the
impact of socio-ecological factors on the income community families derived from Amazon nut and timber, and regression and matrix modelling techniques to
determine the impact of harvesting intensity on Amazon nut and timber species populations. Results: Certain socioeconomic and ecological conditions enabled
compatibility of Amazon nut and timber production in a MFM scheme. Complementarity between existing livelihood activities with forest income, and community
households' increased negotiation skills and ecological knowledge allowed increasing or reducing pressure on the intervened s pecies. Furthermore, increased
logging intensity and liana-cutting counteracted the negative impact of Amazon nut harvesting intensity on the number of new recruits by enhancing the growth of
small Bertholletia individuals and nut production, respectively. Commercial timber species responded differently to logging intensity. The majority responded
positively, but the extent of their response varied with tree size and time since logging. Conclusions: Species-specific management approach and capacity building
on management tasks and negotiation skills are required for a sustainable production of Amazon nut and timber in a MFM scheme. The analyses approaches used in
this research should also be valid to investigate the compatible production of timber with other valuable NTFPs throughout the tropics.

Keywords: Forest products, Brazil nut, liana-cutting, logging intensity, Nut harvesting
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Background: Data on worldwide statutory regimes during the last thirty years show that Latin America is the developing region where the most significant changes
have resulted in the recognition of collective rights to land for communal use and management. Peru has been at the forefront with many indigenous peoples' lands
titled in the Amazon since 1974, when the first indigenous land titling regulation was issued. While this represents important progress, there are outstanding claims
from indigenous organizations for over 20 million hectares. Methods: The results presented are based on research on forest tenure reforms by the Center for
International Forestry Research on the implementation process for recognizing collective tenure rights in the Peruvian Amazonia. Results: Analyze institutional
structures established to title collective indigenous lands, assessing the current constraints and opportunities to secure collective rights. Legal and historical analysis
of regulations illustrate how reforms emerged. For an institutional analysis and the identification of tenure insecurity drivers, more than 50 surveys and interviews with
implementation agents and non-government actors were carried out, along with 4 workshops at the sub-national level. Results. During the last 40 years important
shifts have taken place in procedures and institutional structures responsible for titling. Responsibilities to recognize and title indigenous community lands have
shifted between four different government institutions, involving agricultural and forestry government agencies, since forest became public domain in 1975. These
changes have modified guidelines and undermined government capacities for implementation. Lack of information across different sectors, and the lack of a national
cadaster, makes it difficult to determine the number of communal lands titled and areas to be titled. This has resulted in overlap of extraction rights, land invasions,
conflicts and illegal extraction of resources, harming livelihoods and forest cover. Discussion: While Peru struggles for positive outcomes, renewed interest in
collective titling has led to new goals for recognizing and titling pending communities, emerging from climate-change related funding and indigenous people's
mobilization. Working with updated and official records and establishing clear coordination system among institutions present opportunities for strengthening the
tenure security of Peruvian Amazonian communities.

Keywords: forest tenure reform, governance, Peru
ID:1198
Tuesday Yucatan-1
Symposium: Multiple-use forests: can forest conservation and socio-economic development be combined?

ATBC 2017 51



Association for Tropical Biology and Conservation

Conservation livelihood options?

Agroforestry and Silvopastoral tipping points in a MAB reserve
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Background: Man and the Biosphere Reserves superposed upon peasant territories were formally conceived as spaces for idiosyncratic develo pment policies:
these spaces should allow peasant families to sustain decent livelihoods by creating agroforestry and/or silvopastoral landscapes, hence serving as high quality
matrices for conservation. In reality, under a capitalistic, neoliberal society, land use dynamics in these territories tend to be driven by market transactions. This
market-driven environment is unfavorable to producers - including where they adapt. It results in unsustainable land use and livelihoods and in low capacity to
motivate and socially enforce conservation efforts We report on ten years of research on cooperation and conflict struggles of farmers and external actors who try to
create and/or prevent the collapse of "nature-friendly" land uses in the Sepultura MAB reserve, in Chiapas, Mexico. Methods: We developed a multidimensional
research agenda with the participation of 12 communities and many national and foreign graduate students. This agenda started off with a project promoting and
monitoring farmer-based experimental fodder tree plantations to counter dry season livestock starvation and forest understory degradation. Poor adoption of fodder
trees motivated us to explore more carefully the history, social identities, conditions, needs and motivations of farmers in this contended territory, and how these play
out in farmers' interaction with other actors when implementing agroforestry and silvopastoral projects. Results: We report our analysis of three selected projects: 1)
efforts to intensify and move livestock production away from forest browsing; 2) "conservation" coffee production which benefits for farmers and forests are dubious,
and which might collapse under the recent rust epidemics, resulting in substantial technological and market changes; 3) Pinus oocarpa resin extraction in pine-grass
rangelands, where cattle exclusion, fire use prohibition and unfavorable market deals could render this activity environmental and economically unsustainable.
Discussion: We reflect on how silvopastoral and agroforestry projects constitute an unstable balancing act among actors in this MAB reserve (and probably in
similar ones), and we discuss what it might take to sustain these practices for the sake of long term decent rural livelihoods and high quality landscapes
Keywords: Silvopastoral Agroforestry Livelihood Tipping points
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Background: Native Amazonian peoples developed multiple ways to live in forest landscapes, modifying them to improve their food production. The legacy of past
land use is striking in the surroundings of archaeological sites, yet the management practices used by these societies to domesticate plants and landscapes, and the
impact of these activities in Amazonian forests are still unclear. Methods: We used three different approaches to understand if management practices historically
used by Amazonian peoples formed domesticated forests, often characterized by the presence of mono-dominated patches of useful plants. We began reviewing the
scientific literature on management practices used today by indigenous and traditional Amazonian societies, and their influence on useful plant populations. Then, we
developed a conceptual model about how these management practices interact with natural ecological processes to form patches of useful species. Finally, we
studied 28 contemporary villages along four major Amazonian rivers to validate our conceptual model. Results: Our findings indicate that eight traditional
management practices were used to domesticate Amazonian forests: non-useful plant removal, useful plant protection, dispersers’ attraction, human transportation,
phenotypic selection, fire management, cultivation, and soil improvement. Based on the scientific literature, useful plant cultivation and transportation were the most
frequent practices, documented for 95 % of the species found in patches in the field. In contrast, protection was the most important practice based on field interviews,
documented for 100 % of the useful species. We also found that surrounding all archaeological sites, useful tree and palm species form multiple and diverse patches,
and that the dominant species are currently being managed by local people in their home-gardens, cultivated areas or managed forests. Discussion/Conclusion:
Our findings reveal how multiple historical management practices increased the capacity for food production, while transforming pristine forests into domesticated
forests that are strikingly useful today. Such practices represent an opportunity to slow deforestation and strengthen social-ecological resilience of Amazonian forests
by the management of multiple useful plants left by the ancestors of the current inhabitants. Acknowledgments: We thank local residents for their participation, and
FAPEAM and CNPq for financial support.
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Background: Most consumers on the international market have a choice about which products to consume. Many products have a negative environmental impact,
but NTFPs are often associated with a strong incentive for forest conservation. Therefore, higher consumption of NTFPs could potentially contribute to the
conservation of forests, but the extent of this contribution is rarely evaluated. This information could strongly influence consumers' choices if communicated. One of
the most economically important NTFPs, that have the potential to strongly influence forest conservation, are Amazon nuts. In this study, we use the Peruvian-Swiss
supply chain of Amazon nuts as an example to illustrate how large the impact of consumer's choice can be on forest conservation. Methods: Using data from
different scientific, governmental and commercial sources, we analyze how much additional Peruvian Amazonian forest is conserved if Amazon-nut consumption of
Swiss residents would double compared to current consumption. Limitations on Amazon nut availability are taken into account. Results: We will present results from
initial models and discuss the implications for sustainable supply chains. Discussion: These results illustrate the extent to which small changes in consumers'
choices can contribute to forest conservation, and emphasizes the need for consumer education about the positive contribution the consumption of some products
can have on nature conservation.

Keywords: NTFP, Bertholletia excelsa, Brazil-nuts, consumers
ID:1200

Tuesday Yucatan-1
Symposium: Multiple-use forests: can forest conservation and socio-economic development be combined?

Exploring genetic effects of forest degradation on Brazil nut mating systems

Fidel Chiriboga™, Merel Jansen', Manuel Guariguata?, Chris Kettle?
'Ecosystem Management, ETHZ; 2 CIFOR,; 3 ETHZ Ecosystem Management;

*Correspondence Author. E-mail: fidel.chiriboga.a@usys.ethz.ch

Background: Non-timber forest products offer a potential opportunity for the combination of social development and conservation of natural ecosystems. The
amazon nut (a.k.a. Brazil nut) is an example of an arguably exceptionally successful conservation model in this context, since it is globally traded and thus
economically important for a vast number of people, particularly in rural Amazon areas. Nevertheless, the rain forest where Amazon nuts occur is being affected by
human-induced forest degradation due to logging of other tree species and land conversion from forest to agricultural systems through e.g. burning. Methods: In this
project, we assess the potential effects of human impact on the reproduction systems of Brazil nut populations in Madre de Dios, Peru. We focus on the study of
genetic diversity, gene flow and how these factors are associated with seedling performance in experimental plantations, both in nurseries and in the forest. Results
& Discussion: With this component of our study we are able to detect possible events of genetic erosion in a degradation gradient in the forest, and relate this to
genetic diversity and seedling performance.
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Understanding the relative importance of land use legacies and climate in the structure and composition of plant communities remains a central goal in ecology.
Increasing evidence indicate that tropical forests are experiencing changes in structure and composition, such as. increases in tree turnover rates, biomass gain, and
abundance of some functional groups. It Despite this evidence, little is known about the temporal shifts in functional composition, and how these shifts relate to biotic
and abiotic conditions. We assessed long-term changes in a tropical dry forest spanning 30-years to understand the relative influence of past disturbance and climate
on trait composition and forest structure. The 16-ha plot is subdivided in 20 x 20 quadrats, and it encompasses stands of different ages (~80, 100, 150 years). Trees
with diameter > 3 cm were measured in 1976, 1996, and 2006. Functional traits for each species were measured in 2006, and were complemented with other studies
in the same region. We evaluated shifts in functional composition for 9 traits related to resource acquisition and drought tolerance. Also, we quantified absolute rates
of stem density and aboveground biomass (AGB), and assessed changes in species diversity over time. If shifts in trait composition are strongly influenced by
climate, then, higher turnover. rates, low AGB, and increases in drought-related traits are expected. In contrast, if the forest is recovery from past disturbance, a shift
in the functional composition from conservative to acquisitive strategies is expected. We found an overall decreased on the turnover rates of stem density over time.
Species diversity, AGB, community weighted means (CWM) of specific leaf area (SLA), foliar nitrogen (LNC), stable carbon and nitrogen isotope concentration
increased over time, while the CWM of leaf water content, and foliar phosphorus decreased. No trends were found for the CWM of wood density, foliar carbon and
leaf area. Overall, our results suggest that temporal changes in this forest may be the result of recovery from past disturbance. The significant shift of trait strategies
from conservative to acquisitive (e.g., higher SLA, LNC), the decreases in stem turnover rates and increased in biomass over time are similar to those trends found in
successional dry. forests across stand ages. Future analyses should include other moments of trait distribution to better estimate community responses to a changing
environment.

Keywords: Functional traits, dry forests, succession
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Background: Plant community assembly is defined by processes occurring within and among communities. Turnover of plant strategies over environmental
gradients occurs because species with particular traits are favoured under specific conditions. However, local competitive processes prevent coexisting species from
becoming too similar, and consequently trait differentiation also occurs within communities. Methods: We used Trait Gradient Analysis in a semi-deciduous tropical
forest landscape in the Yucatan Peninsula, Mexico, to investigate small and large trees community assembly patterns along successional and topographical
gradients. We decomposed 45 species' functional traits (leaf area, minimum photosynthetic unit, specific leaf area, leaf dry matter content and wood specific gravity)
into alpha (within-plot) and beta (among-plots) components. Results/Discussion: Our results suggest that very local processes, such as competition and
microenvironmental conditions determine the assembly of small trees (observed as co-variation of alpha values). Large trees also showed the effect of local
conditions, as well as habitat filtering associated with landscape-scale factors, such as forest stand age and topography (observed as co-variation of beta values).
Conclusion: The different correlation structures for alpha and beta components of functional traits reflect not only community assembly processes at different scales
but also how they vary with tree size in this tropical forest.

Keywords: Trait gradient analysis, succession, topography
ID:1050

Tuesday Yucatan-2
Symposium: Using functional diversity to understand community and ecosystem processes in tropical dry forests

ATBC 2017 55



ATBC 2017

Association for Tropical Biology and Conservation

How Does Soil Phosphorus Affect Plant Traits and Soil Function Within and
Among Dry Forests?

Jennifer Powers', David Medvigy?, Justin Becknell®, Juan Dupuy?, Maria Gabriela Gei4, Catherine Hulshof®, Camila Pizano®, Beatriz Salgado-

Negret”, Annette Trierweiler?, Skip Van Bloem8
'Ecology, Evolution, & Behavior, University of Minnesota; 2Biological Science, Notre Dame University; 3Biology, Colby College; “Ecology, Evolution, & Behavior, University of Minnesota;
5Biology, University of Puerto Rico-Mayaguez; Biology, ICESI University; 7 Functional Ecology, Alexander von Humboldt Institute,®Baruch Experimental Station, Clemson University

*Correspondence Author. E-mail: powers@umn.edu

Background: Soils can act as an environmental filter, favoring certain species or plant functional traits. This can feedback to affect ec osystem processes, including
productivity, plant relationships with symbionts, and nutrient cycling. Phosphorus (P) availability is thought to regulate forest productivity in tropical rainforests, but the
role of P in seasonally dry tropical forests (TDF) is poorly resolved. To understand relationships between soils and plant processes at regional scales in TDF, we
measured total soil P and community weighted mean values of foliar P along edaphic and successional gradients in a dry forest landscape in Northwestern Costa
Rica. To understand variability in soil P at coarser spatial scales, we measured soil P in four Neotropical dry forests in Colombia, C osta Rica, Mexico, and Puerto
Rico. Methods: We measured total soil P in composite surface soil samples from 84 0.1 ha forest inventory plots in Northwestern Costa Rica. Community weighted
mean values of foliar P were calculated using species-specific foliar P data weighted by the basal area of each species in each plot. We also sampled soil from
replicated plots in TDF of four different countries, and measured labile P, microbial P, phosphatase enzymes, and total soil P. Results: In Costa Rica, total soil P
varied over two orders of magnitude- from 30 to 1275 ppm in the 84 plots, which was likely driven by differences in parent material. Community weighted mean foliar
P scaled directly with total soil P; forests on soil P soils were dominated by species that have low foliar P and vice versa. Labile soil P varied significantly among
countries and increased from Mexico = Costa Rica < Colombia < Puerto Rico, with values ranging from 0.5 to 123 micrograms per gram. By contrast, phosphatase
activity was lowest in Colombia and increased in Costa Rica = Puerto Rico, and was highest in soils from Mexico. Within countries, relationships between labile and
phosphatase differed. Conclusion: At a regional scale in Costa Rica, our data suggest that soil P availability places strong constraints on forest composition through
effects on plant functional traits such as foliar P. Thus, heterogeneous soil P within a region may promote species co-existence. Soil P was as variable at continental
scales, and related to P-acquiring enzymes. Our data suggest that P may be as important in TDF as in rainforests.
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Background: Knowledge on the regeneration of forest diversity and functioning is usually limited to the plant component, although changes in all the biota are
expected due to alterations in habitat conditions. In this study, we aimed to determine the changes on sail traits, forest structure and species richness and
composition of multiple groups of organisms along secondary succession in a tropical dry forest (TDF) in southeastern Brazil. Methods: We defined three
successional stages based in forest vertical and horizontal structure and age: early (18-25 years), intermediate (50-60 years) and late (no records of clearing). Five
plots of 50 x 20 m were established per stage, and the following groups were sampled using specific techniques: rhizobacteria, mycorrhiza, trees and lianas,
butterflies, ants, dung beetles, mosquitoes (Culicidae), birds and bats. We also determined soil chemical and physical characteristics and forest structure (tree height,
density and basal area). Results: Soil fertility increased along the successional gradient, and the same pattern was observed for all the forest structure variables.
However, species richness and composition showed mixed results depending on the organism group. Three groups usually considered as good bioindicators of
habitat quality did not differ in species richness and composition between stages: butterflies, ants and dung beetles. On the other hand, rizhobacteria and mycorrhiza
differed both in species richness and composition between stages and may be more sensitive to changes in environmental conditions in TDFs. The other five groups
differed either in species richness or composition between one or two pairs of successional stages. Discussion: Although changes in abiotic conditions and forest
structure match the predictions of classical successional models, the response of each group of organism is idiosyncratic in terms of diversity and ecological function,
as a consequence of specific resource requirements and life-history traits. In general, diversity increased and functional groups changed mostly from early to
intermediate-late stages, strengthening the importance of secondary forests to the maintenance of ecosystem integrity of TDFs.
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Background: Almost all tropical environments vary seasonally. Precipitation seasonality is a defining feature of tropical dry forests, for example, and influences
carbon and nutrient cycling, species interactions, and the timing of growth and reproduction. The consequences of extensive deforestation of tropical forests lends
urgency to the study of seasonality and its effects on communities and ecosystem processes. Yet there is no standardized metric of seasonality, and more precisely
climatic variability, which limits large-scale comparative approaches and our ability to forecast future climate change impacts. Methods: | argue that decomposing
time series of climate data using wavelet analyses provides a standardized metric of climatic variability comparable across spatial and temporal scales. | use this
approach to test the hypothesis that seasonality is a key driver of community assembly across latitude. First, | use NOAA's National Centers for Environmental
Information climate data across the world to quantify climate variability. Second | compare whether this metric predicts functional trait diversity across neotropical
latitudinal and elevational gradients. Results: Most notably, | show that functional diversity increases with increasing climatic variability, supporting the hypothesis
that increased spatio-temporal environmental variability allows for the coexistence of functionally diverse species. Discussion: | outline how trait variation and
climatic variability can shed light on the assembly and structure of tropical biota and how these diverse systems may respond to future climate change.
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Understanding which legume species and functional traits are favored during tropical forest regeneration could provide a useful framework for active restoration of
degraded areas. However, the role of legumes during secondary succession has been analyzed comprehensively in only a few wet forest sites. In this study, we
evaluated legume abundance during secondary succession across the Neotropics, and examined how recovery from disturbance, large-scale environmental
gradients and functional traits affect the ecological success of this prominent plant family. We extracted plot-scale legume abundance from 42 chronosequence
studies in the 2ndFOR network that span a broad gradient of precipitation (from 750 to 4000 mm), and identified traits that are favored in distinct successional
environments. For each species, we determined the potential to fix N2 and quantified leaf size and type, traits that correlate with reduced water loss in arid
environments. Further, we explored additional physiological and morphological traits in seedlings of a subsample of legumes of different leaf type using a series of
shadehouse experiments. Legume trees dominate young (5-20 years) tropical dry forests (with annual rainfall < 1500 mm/yr). Above 1500 mm rainfall, legume
relative basal area in young forests was lower. Early successional legumes in dry forests had common traits, including the potential for N fixation and bipinnately
compound leaves. As seedlings, bipinnate legumes have traits related to fast acquisition of carbon, nitrogen, and water: high rates of photosynthesis and biomass
accumulation and low water use efficiency (WUE). On the other hand, pinnate legumes have traits that optimize resource conservation: slower rates of growth, higher
WUE, and higher biomass investment into fixation. The strong dominance of legumes in secondary dry forests of the Neotropics may be due to a suite of traits, which
together may reduce the cost of flushing leaves rapidly once seasonal rains arrive. We observed contrasting whole-plant carbon, nutrient, and water economies
between legume seedlings with pinnate versus bipinnate leaf type. Each group sorted along a resource acquisition-conservation gradient defined by rapid carbon
assimilation (bipinnate) and high water use efficiency (pinnate). The functional variability among species and leaf types may help account for the exceptional
dominance of legumes in the forests of the dry tropics.
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Resource acquisition strategies predict seedling performance in a tropical dry
forest restoration

Leland Werden®, Jennifer Powers?
Plant and microbial biology, University of Minnesota; 2Twin Cities Ecology, Evolution, and behavior, University of Minnesota;

*Correspondence Author. E-mail: Iwerden@umn.edu

Background: Successional trajectories of tropical dry forests (TDFs) are not well understood, but recent observational studies have found TDFs transition from tree
communities with conservative traits to communities with acquisitive traits, the opposite of wet forests. Considering this successional theory when designing TDF
restorations could therefore increase restoration efficacy. To determine if the presence or absence of remnant vegetation controls the performance of tree species
with different resource acquisition strategies, we planted a 6 ha restoration experiment with trees that have conservative or acquisitive trait syndromes into plots with
different management treatments: clearing existing vegetation (early succession), or interplanting into existing vegetation (later succession). Methods: Twelve native
species were assigned to acquisitive or conservative groups based on hierarchical cluster analysis of multiple traits, resulting in mixes of six species for each trait
syndrome. In September 2015, we cleared three 1 ha plots, and three 1 ha plots were left with scattered trees. Each 1 ha plot was divided into four 50x50 m split
plots, and two replicates each of the species mixes (acquisitive/conservative) were assigned randomly to those plots. To quantify seedling performance we measured
survival seasonally for one year. Results:and Discussion: We hypothesized conservative species would have higher survival than acquisitive species in the cleared
plots because conservative TDF species are theoretically more adapted to early successional conditions. Our data were consistent with this hypothesis, as
conservative species had 9.3% higher survival in cleared plots than acquisitive species (p<0.05). By contrast, we hypothesized that acquisitive species would have
higher survival than conservative species when interplanted. However, we found that conservative species had higher survival than acquisitive species in the
interplanted plots (p<0.05), but the difference was only 4.0%. Our initial results show that species with conservative traits had higher survival than species with
acquisitive traits at early successional stages, which aligns with recent advances in TDF successional theory. Furthermore, while we did not find any differences in
survival between the cleared (30.3%) and interplanted (30.4%) treatments, conservative species had 6.7% higher survival overall (p<0.05), indicating that
successional theory can aid in the design of TDF restorations.
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Soil microbes show contrasting effects on dry forest seedlings facing drought
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Background: Tropical dry forests (TDF) occur in regions with a strong rainfall seasonality, which typically experience from 3 to 10 months of drought (< 100 mm).
Climate models predict hotter and drier conditions across TDF regions by the end of the 21st century, but little is known about how TDF plant species will be
impacted by these conditions. In particular, how drought will impact the biotic interactions of plants with other taxa such as soil microbial mutualists, and how different
functional groups of these microbes (i.e., mycorrhizal fungi and nitrogen-fixing bacteria) will help plants to cope with new environmental conditions, is largely
unknown. Methods: For this study | grew seedlings from 3 N-fixing legume species (Pseudosamanea guachapele, Samanea saman, and Pithecellobium dulce), 2
non-fixing legume species (Hymenea courbaril and Senna spectabilis) and 4 non-legume TDF species (Sapindus saponaria, Spondias mombin, Guazuma ulmifolia
and Hura crepitans) with and without soil microorganisms from TDF under three water treatments: control (C), reduced precipitation (P), and red uced frequency of
precipitation (P). N-fixing legumes associate with N-fixing bacteria and arbuscular mycorrhizal fungi (AMF), while non-fixing legumes and non-legumes associate only
with AMF. Plants in the control treatment received the equivalent of precipitation in a dry forest (160 ml/week), while plants in the precipitation treatment received half
the water of the controls (80 ml/week), and plants in the reduced frequency treatment received the same amount of water as the controls, but every other week (160
ml/2 weeks). Results: Plant mortality was higher for plants associated with AMF than for plants associated with AMF and N-fixing bacteria under both drought
treatments. Furthermore, the benefits and costs of both AMF and N-fixing bacteria under different drought treatments, reflected on plant growth, varied across
species. Conclusion: Thus, predicted changes in climate may significantly impair not just plants, but also their soil symbionts, in ways we are only beginning to
understand.
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The environment vs tropical dry forests:
importance of intraspecific variability of traits

Beatriz Salgado-Negret!”, Evert Thomas?, Jhon Nieto?, Elkin Tenorio?, Alejandra Chaparros, Viviana Salinas®, Fabian Garzén5
'Departamento de Quimica y Biologia, Universidad del Norte; 2 Bioversity International; 3 Instituto Alexander von Humboldt; “Departamento de Quimica y Biologia, Universidad del Norte;
SUniversidad Distrital Francisco Jose de Caldas

*Correspondence Author. E-mail: bsalgado@uninorte.edu.co

Background: Climate change and fragmentation are major threats to world forests. In seasonally dry tropical forests (SDTF), changes in yearly rainfall variability,
longer intervals between wet and dry years and, particularly, a decline in rainfall predicted by climate models, could influence the relative performance of species.
Understanding how functional traits related to drought tolerance vary across environmental gradients in SDTF could be important to predict species' responses to
these threats. We explored how the magnitude and variability of leaf and wood anatomy traits varied across temperature and rainfall gradients within and among six
tree species. Methods: We measured functional traits in populations distributed across a rainfall gradient in SDTF in Colombia. We measured two leaf and five wood
anatomy traits in at least five individuals per population. To explore variation of each functional trait across rainfall gradient we used linear mixed models and we
estimated the coefficient of variation. Results: Trees growing in drier populations showed leaf traits associated to drought tolerance such as higher leaf mass per
area and higher leaf dry matter content. In contrast, wood anatomy traits did not vary in most species except for Astronium graveolens. We did not find differences
between coefficient of variation across population for any species. Conclusion: The limited plasticity showed by wood anatomy traits, could increase cavitation risk in
populations where projections predict higher temperatures, lower rainfall or longer drier seasons. The synergism between climate change and fragmentation in
Colombia's SDTF could aggravate this scenario with ecosystem level consequences.
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Using functional traits to explain drought-induced liana mortality in tropical dry
forest
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Background: Lianas (woody vines) are the second most abundant woody growth form in many tropical dry forests surpassed only by trees. Despite their abundance,
little is known on how lianas respond to drought. The worst drought on record for the tropical dry forest of Northwester Costa Rica occurred during the 2015 El Nifio
Southern Oscillation and the 2016 dry season. We are taking advantage of this drought to be able to study liana response to extreme drought events. Our first
objective was to quantify liana mortality following this extreme drought event and determine if susceptibility to extreme drought is family and/or species specific. Our
second objective was to use functional traits to attempt to explain levels of drought susceptibility among different liana sp ecies. Methods: We conducted a survey,
before and after the 2015 extreme drought event, of all lianas with a diameter of ~1 cm at 130 cm from the base in 18 - 0.1ha permanent plots. These plots are
located across two conservation areas in the tropical dry forest of Northwestern Costa Rica. We calculated the percent mortality for each species. For the 20 most
abundant species we measured the following functional traits: predawn and midday leaf water potential during the wet season and one month after the beginning of
the dry season but before leaves had senesced, leaf nitrogen content, petiole length, leaf specific area, leaf thickness, wood density, wood vessel diameter, and
wood vessel density. Results: We measured a total of 1,915 liana stems. By the end of the dry season following the extreme drought event, 21.1% of liana stems
had died. Mortality was not even across all families of lianas (F1s3s = 4.30, P<0.001) and depending on the species the mortality rate was from 0 to 65%. There was
no significant correlation between any of the functional traits that we measured and percent mortality. Discussion: Although we do not have data for the baseline
mortality rate of lianas because we did not start the liana surveys until 2014, we assume a mortality rate of over 20% is abnormally high, and at least partially driven
by the 2015 drought. Also, not all families and species of lianas are equally vulnerable to drought. Some species were much more vulnerable than others. However,
we were unable to find any functional traits that could explain this difference in mortality rates between species.
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Emerging patterns of plant functional strategies along hydric gradients in
tropical forests

Horacio Paz"
'Instituto de Investigaciones en Ecosistemas y Sustentabilidad, Universidad Nacional Autonoma de México

*Correspondence Author. E-mail: hpaz@iies.unam.mx

Background: In many scenarios, actions of ecological restoration imply the assemblage of stable plant communities that favor the recovery of biodiversity and
specific ecosystem functions. Our ability to design such assemblages depends on the capacity to predict what species can be established and prosper in degraded
lands, and how those species modify the environment. In this study we develop a conceptual model on the environmental barriers to the establishment of trees in
anthropogenic tropical landscapes, the way they change across climatic gradients, and the changes in the main functional trade-offs guiding filtering processes of
those successful species in degraded lands. Methods: The predictions of this model are tested by synthesizing multiple published studies on filtering processes
occurring in different climatic contexts from the seasonally dry to the wet tropics. Results: We derive plant functional strategies successful in areas with degraded
cover vegetation, and determine easy functional indicators. Discussion: We discuss the implications of the resulting filtering patterns for the selection of useful
species in efforts of restoration and maintenance of ecological processes in tropical anthropogenic mosaics.

Keywords: Functional-traits, tropical-forests, hydric-gradients, restoration

ID:1056
Tuesday Yucatan-2
Symposium: Using functional diversity to understand community and ecosystem processes in tropical dry forests

Effects of the potential invasive shrubs on soil hydraulic processes in a tropical
dry ecosystem
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*Correspondence Author. E-mail: maribel.y.v@gmail.com

Background: In Colombia 90% of dry tropical forest has disappeared due to antropogenic disturbances. Worldwide biological invasions are considered as the
second cause of biodiversity loss. In systems transformed or degraded by livestock, agriculture, logging and mining, the appearance of exotic species with invasive
potential is frequent. However, the impact of biological invasions on ecosystem processes have been little studied. Based on that, we explore the impact of species
with invasive potential on soil hydraulic regulation processes in a tropical dry forest and their relationships with the functional features and strategies of the species of
the community. Methods: The study was developed in Beltran municipality at Cundinamarca department-Colombia. We defined three sites with different levels of
transformation. Three plots of 100m2 were installed in each area and four soil hydraulic regulation processes. Additionally, hydraulic and leaf functional traits in
invasive potential and native species were meassured. A model of mixed efects with nested blocks was introduced and comparisons of traits between types of
species and zones were made. An index of functional diversity and community weighted mean of the traits. We calculated simple correlations among the process and
the traits measured. Results: We found significant differences between hydraulic functional traits of plant species. While, native tree species showed conservative
and acquisitive functional traits, related to hydraulic safety and hydraulic efficiency, exotic plant species presented conservative traits. Soil hydric processes, related
to soil infiltration and soils hydraulic conductivity, did not show significant differences between sites, neither climatic periods. In contrast, soil compaction and soil
moisture differed between sites and climatic periods, where dry forest showed higher soil moisture and lower soil compaction, during rain period, but exotic plant sites
improvement compared with degrade sites. We found the correlation between the soil moisture with CWM of tree and functional diversity, with major diversity keep
the soil moisture. Conclusion: Our results suggest that even sites dominated by exotic plants have not showed functional structure and diversity such as dry forest,
those sites increase hydric soil processes compared to degrade soils sites. However, the best scenario for hydric processes in soils conservation in tropical dry
forests is to keep the forests.
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Forest cover on landscape scales is a driver for insect guilds diversity in tropical
dry forests

Frederico Neves"”, Luiz Eduardo Macedo-Reis', Moisés Toribio?, Mauricio Quesada?
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Background: Insects herbivores are an important component of biodiversity with a close relationship with plant species and plant parts. The dispersal of individuals
from different habitats in the surrounding landscape determines local diversity, and the vegetation texture formed by crop connectivity in forests represents niche
availability for herbivorous insects to find food, shelter and breeding sites in the surrounding landscape. Methods: We evaluated herbivore B-diversity and the effects
of forest cover availability on guild richness and abundance at five different radii scale landscapes , based on the RapidEye classification. We assessed herbivore
communities at 48 sites from four dry forest regions ranging from latitudes 19° south to 19° north, three regions are located in Brazil and one in Mexico. Results: We
collected 2,893 insects representing 438 morphospecies, including 113 folivorous, 225 sap-sucking and 100 xylophagous insects. B-diversity was higher in the region
with the most unpredictable weather, and species turnover contributed most to B-diversity at all sampled dry forest regions. Forest cover on a landscape scale
enhanced local species richness and abundance. Nevertheless, folivorous richness was only associated with the minor landscape scale (0.25 km radius), while the
sap-sucking and xylophagous insects richness and abundance were positively affected by forest cover in all five spatial scales, with higher explanatory power which
ranged from 1 to 1.5 km radius around the study field. This reflects potential dispersal distances. Conclusion: The higher species replacement among sites of dry
forest regions, and the biologically relevance of forest cover to herbivorous insect diversity suggest that the maintenance of forests areas in the surrounding
landscape contribute to dry forest ecosystem resilience. The variation in landscape scale requirements among guilds indicates that the management of landscape
features is as important as the conservation of a particular forest fragment in order to preserve dry forest herbivore diversity.
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Environmental gradients might promote stressful conditions that can affect plant physiological and morphological traits. Past studies have shown that plants located
at higher altitudes can present higher levels of both leaf sclerophylly (LS) and fluctuating asymmetry (FA). While it is expected that higher FA levels should be
accompanied by higher leaf consumption by herbivores, lower herbivory would be expected for elevated LS. Aiming to investigate this contraction our objective was
to determine the effect of altitude on LS and FA and evaluate the relative importance of these two morphological traits on herbivory rates of Tibouchina granulosa
Cogn. (Melastomatecea) in Brazilian Atlantic Forest. The study was conducted in southern Brazil, along a 725m altitudinal gradient where we measure LS, FA and
herbivory from leaves of 29 individuals of T. granulosa. There was a strong and positive effect of altitude on both LS and FA but only FA was related to herbivore. Our
results suggest that as altitude increases plants face more stressful conditions, leading to higher developmental instability and higher FA. This instability may lead to
a higher nutritional quality of leaves and herbivores may use leaf asymmetry as a cue. The lack of a relationship between LS and herbivory gives us evidence that, in
the studied location, LS is not primarily used as plant defense and probably has other functions related for example to water and nutrient stresses. These results may
be considered a baseline for the understanding on how altitudinal stress and potential herbivory pressure can influence plant establishment.
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Forest-flooded ecotones: ant species distribution in response to Canopies and
natural succession
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Background: Natural Ecotones between forests and flooded or freshwater habitats has become a neglected area of study. Our group has demonstrated that canopy
habitats predominated in natural edges between freshwater and forests, due to the pattern of tree branches bending towards the water or flooded nude soils, seeking
for light. We tested the hypothesis that the type of ecotone open habitats, varying from all year flooded, seasonally flooded, and finally to herbaceous, wet soil only,
influences the patterns of ant species distribution between forest soil and canopy in an ecotone. Methods: We compared the transition between ecotonal canopies in
a montane, and mid altitude forests, in the Doce River basin, in the Atlantic rainforest. An ecotonal canopy- open swampy woodland was compared with an ecotonal
canopy-herbaceous natural succession after lake retraction. Transects in the ecotone and 50 metres inside the forest, with 20 pairs soil-trees non attractive pitfalls
were settled as the sampling design, repeated in different ecotones. Results: The montane forest had 1211 ants sampled in the ecotones, from 49 species, against
752 ants of 51 species inside the forest. Early rainy season and soil had more ant species than late rainy season and trees, regardless habitats. Camponotus rufipes,
a dominant canopy species in the montane forest, was the most frequent in the ecotone, both in soil and trees. The mid-lowland forest had 3778 ants from 137
species in the ecotone and 2896 ants from 81 species inside the forest. Again, more ant species richness was found in early rainy season and in the soils, but in this
forest also a greater number of species was significantly found in the ecotone than inside the forest, especially for the arboreal ones. Dominant and aggressive ant
species were found in the ecotone, such as Camponotus atriceps, C. cingulatus e uma espécie de Solenopsis (sp3). Sericomyrmex mayri was very abundant in the
soil of lowland forest and C. atriceps was very frequent in both forests. Discussion: Results suggest that constant, predictable flooded habitat is a filter type of
environment, where few forest species can couple with, while a drying out lake is a dynamic, rich environment, capable of sustaining a distinct fauna than the forest,
while also collecting forest species, attracted by resources caused by the low-to-ground canopy added to the succession itself.
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Changes in plant-pollinator interactions deplete plant progeny fitness in
fragmented landscapes
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Over the past two decades there has been much research to determine habitat fragmentation effects on the mutualistic interactions involved in sexual plant
reproduction and seed dispersal, which shape the reproductive success and genetic characteristics of remnant populations. Reduced area of remaining natural
habitats and hostile agricultural matrices reduce pollinator richness and abundance. As a result plant populations produce on average less quantity of progeny in
fragmented habitats. An equally important but a less-well recognized feature of plant reproduction is the genetic and biological quality of progeny, which represents
the complementary aspect of the reproductive event as it determines the recruitment and survival potential of plant populations. Here we show results of a systematic
literature review to determine overall habitat fragmentation effects on the genetic characteristics of progeny and on progeny performance. We found strong overall
negative fragmentation effects on progeny performance in 105 unique plant species across the world. Progeny performance of pioneer species were significantly less
affected than late successional species. Progeny generated in fragmented landscapes were genetically less diverse and showed higher inbreeding coefficients than
progeny from continuous habitats. Interestingly, we also found a significant negative relationship between progeny performance and inbreeding coefficients:
individuals with higher inbreeding coefficients showed lower performance in fragmented habitats. Our results indicate that fragmentation effects on progeny
performance is mostly due to changes in mating patterns elicited by pollinators, increasing self-pollination and/or mating among relatives. We discuss the implications
of these findings for long-term plant population persistence in ubiquitous fragmented landscapes.
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Herbivory in the face of biological invasions
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Globalization, increased traffic through trading routes, has increased the rate of new records of potential invasive species worldwide with increasing risk of cascading
effects. Oceanic insular ecosystems and biodiversity hotspots are of special concern because of the unique combination of particular evolutionary lineages concerting
in them as they may be challenged by invasions. Invasive animal and plants may trigger cascading effects. Here we report on two studies focused on herbivory and
its drivers. First in a late Pleistocene refuge currently occupied with Seasonally Dry Tropical Forest the invasive plant Briophyllum pinnatum caused a significant
increase in herbivory in native plants accompanied by a reduction in the top-down controls of herbivory while bottom-up controls were relaxed. Also in the Socorro
Island deep in the Mexican Pacific Ocean introduced sheep disrupted the trophic networks resulting and increased herbivory the endemic flora mostly due to the
reduction of bird populations or foraging activities in invaded sites. These remarkable similarities highlight the predominant role of the predation of herbivores as a
determinant of damaged in plant populations and the fragility of high trophic levels to ecosystem perturbations.
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Thirty years of insect-plant interactions in a nuishell: a review of responses to
global change
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Background: Changes in ecosystems after disturbances are of central concern in ecology. Natural areas worldwide are threatened by agricul tural expansion, land-
use intensification and climate change. These factors can lead to direct extinction of species, but also alter complex relationships between interacting species. In this
study, | focus on global change effects on insect-plant interactions through the use of systematic reviews and meta-analyses. Methods: Studies were searched on
meta-analyses published between 1992-2016, addressing the effects of global environmental change on plant-herbivore interactions and effects sizes (Hedge's d
and InRatio) and associated variances were computed and compared. Results & Discussion: Accumulated data has shown that insects are both directly affected by
global change as well as indirectly by changes in host plants. Air pollution, for example, decreased soil arthropod abundance by 20%, whereas leaf damage by
herbivores increased by 167%, as overcompensation for poor resource quality. Elevated atmospheric nitrogen - a direct consequence of fertilizer use in terrestrial
systems - increased tree biomass by 27.3%, foliar nitrogen by 18.3%, and enhanced insect performance. The scenario of accelerated fossil fuel combustion, fertilizer
use and anthropogenic nitrogen fixation increase tree palatability, raising concerns regarding the chance of global forest ins ect pests aggravation. Chemical-mediated
plant-insect interactions have been a topic of intense investigation for over 40 years and data accumulated in more than 170 articles have shown that herbivory rates
decreased when plants accumulated metals, but increased by more than 90% with high nutrient inputs. Higher CO2 increased plant growth but decreased plant
quality through unbalances in C:N ratio, increasing herbivore consumption by 80% for generalist herbivores. Conclusion: These global environmental changes have
the potential to affect insect-plant interactions thus leading to changes at the population and community levels that may include the loss of ecological functions,
ecosystem processes and services in both tropical and temperate ecosystems.
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Agrarian changes and rural livelihoods in an upland landscape of Bangladesh
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Background: Trajectories of land use change poses great challenges in sustaining rural livelihoods and environmental benefits. In the recent past decades, the
south-eastern upland landscape of Bangladesh has experienced changes in agricultural land use accompanied with forest conversion and the establishment of
monoculture plantations. However, there is a lack of understanding on the changes and associated livelihood impacts on rural households. Methods: This study
examines how the agriculture and forest-based livelihood provisions have interacted over recent years and assess the implications of this agrarian change on food
security and income. We interviewed 304 households with structured questionnaires in three sites: upland, mid- and lowland. The questionnaires covered information
regarding the changes of agriculture and forest land uses and associated contributions to food production and income at house hold level. Results: In over half of the
households surveyed, the respondents experienced a decrease of their overall farm land with a concomitant loss of crop variety and livestock resources. Farming
area relatively increased in the upland site associated with land/forest clearing activities, with aimost 90 percent decrease of the forest cover, yet food sufficiency and
annual income remain low here. While farming areas decreased in mid- and low-land sites but increased monoculture fruit garden, intensive cash crops and wage
activities contributed to greater food production and income. Two-thirds of the households experienced more travel time and distance required for forest product
collections. While the loss of forest cover largely affected middle- and low-land communities in accessibility and availability of the forest products, fuel wood and fruit
availability increased to a certain extent due to the planting of trees on farms and monoculture establishment. Discussion & Conclusion: Overall the study has
provided insights into agrarian changes with both positive and negative social-ecological outcomes. The diverse impacts of agrarian change on food production and
access to forest based benefits are significantly associated with site conditions and land uses at the landscape. We recommend that further investigation of
integrated strategies for landscape management might be effective to deal with the various changes and complex problems of food production and conservation at
the landscape scale.
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ID:1098
Tuesday Yucatan-4
Symposium: The impacts of agrarian change on local communities: sharing experience from the field

How do ecosystem services vary in different agrarian systems? A cross-site
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Background: The majority of deforestation in tropical forests has resulted from agricultural expansion. As the need to feed a burgeoning population increases,
maintaining and balancing the diversity of other ecosystem services provided by forests and landscapes remains challenging. Understanding the diversity and
interactions among ecosystem services across landscapes, especially in agricultural landscapes, has been a heavily researched topic in the field of the ecosystem
services. Yet in tropical agrarian systems, there are very few cross-site comparisons, which allow for overarching theories about the impacts of different agrarian
systems on ecosystem services. Methods: Here, we conducted nearly 2000 household surveys across seven tropical countries in different agrarian systems ranging
from subsistence farming to intensive monocultures. We surveyed households about the use of ecosystem services from local forests as well as about household
agricultural practices. We also used three decades of Landsat imagery to track forest cover and fragmentation. Synthesizing information from landscape-scale
remote sensing and local household surveys to better understand the impact of different agrarian systems on the diversity of ecosystem services, we ask three main
questions: (1) How do the diversity landscape services vary in different zones of agrarian change and with total forest cover and forest edge? (2) Are there any trade-
offs/synergies among specific forest resources in different agrarian systems? (3) Which forest types facilitate use of forest resources? Results: We found the
diversity of ecosystem service use was greatest in subsistence agricultural systems and lowest in monoculture systems. We also found that certain ecosystem
services were more prevalent in different agrarian systems, particularly in subsistence systems and mixed agrarian systems. Communities in different countries relied
on range of forest types including riparian and remnant forests as well as protected in unprotected forests to access ecosystem services. Discussion/Conclusion: In
forest-dependent communities, understanding the balance of different ecosystem services is particularly important for maintaining livelihoods, and may contribute to a
better understanding of how forest fragmentation and agricultural change impact local use of ecosystem services.
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Beyond the land sparing vs. land sharing framework:
views from agricultural scientists

Frédéric Baudron'", Bram Govaerts', Andrew Mcdonald', Bruno Gérard'
Sustainable Intensification Program, International Maize & Wheat Improvement Center

*Correspondence Author. E-mail: f.baudron@cgiar.org

In the last decade, the land sparing and land sharing approaches have provided the main framework for policy makers to debate and act on the impact of agriculture
on nature. This framework has been useful in bringing attention to this issue; but it has been driven mainly by conservation ecologists. As agricultural scientists with
practical experience in developing, testing and promoting alternative forms of agriculture in some of the most biodiversity-rich areas of Latin America, Eastern and
Southern Africa and South Asia, the authors of this paper argue that the framework suffers from a number of limitations when considering farming and rural
livelihoods. Four of these limitations are explored in four separate sections: (1) the lack of pragmatism and flexibility when considering agriculture, (2) the lack of
consideration for what happens after the farm gate and for farmers’ objectives, (3) the lack of consideration for synergies between agriculture and biodiversity, and (4)
the overly mechanistic way the framework links agriculture to biodiversity. In each section, approaches to overcome these limitations are proposed, and illustrated
with concrete examples from Latin America, Eastern and Southern Africa and South Asia.

Keywords: biodiversity; intensification; multifunctional landscape; services
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Agro-forest mosaic landscapes provide a suite of ecosystem services (ES) which support people as well as native biodiversity. Long-term maps of forest change and
forest fragmentation can provide valuable context for understanding the challenges faced by the many forest-dependent communities who exist within and around
protected areas. Using consistent replicated studies in 6 countries, we examine livelihoods and ecosystem services for households and villages along key forest
gradients: high, medium and low levels of contemporary forest cover; different rates of forest loss in recent decades; and different levels of forest fragmentation. High
spatial resolution satellite imagery also helped provide detailed information on forest resources (such as homegardens), which are often absent from forest
inventories. The relative amounts of forest cover and agricultural land use surrounding households and villages impacted the availability of, and access to, forest and
agricultural products. Our work shows that regardless of the status of contemporary forests, historical forest cover affected survey respondents’ view of how
ecosystem services have changed over time. We also explored role of overall forest cover versus configuration of remaining forest patches and their impact on
access to ES. Our approach will enable better comparative research on conservation strategies in regions where livelihoods and ecosystem services are also of
concern. Our work helps convey the strengths, weaknesses and utility of combining remote sensing and household surveys. Such mixed-methods are useful in
gauging the equitable distribution (or lack thereof) of ecosystem services and can help identify situations where forest cover is most particularly germane to local
livelihoods. Such spatial information can also help guide forest restoration activities designed to improve access and equity to forest-related services. Thus, livelihood
comparisons that span a range of forest cover (while holding other variables constant) can provide informative contrasts regarding the potential role of forest
protection, loss, and restoration in supporting livelihoods as well as nature conservation.
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Consequences of forest loss for smallholders and their response in Southern
Ethiopia

Jean-Yves Duriaux Chavarria!", Frédéric Baudron', Sarah Gergel?, Kevin Yang?, lan Eddy?3, Terry Sunderland?
'Ethiopia Systems agronomy, International Maize And Wheat Improvement Centre; 2Forestry Department, Landscape Ecology Lab, University of British Columbia; 3Sustainable
Landscapes and Food Systems, Centre for Intemational Forestry Research
*Correspondence Author. E-mail: jy.duriaux@gmail.com

Background: Deforestation may have a number of negative effects on rural livelihoods, however rural households do not passively sustain these situation but
actively respond, as shown by several examples of farmers led reforestation. Our goal is to understand the outcomes for rural livelihoods of different deforestation
trends and land use patterns and to explore the households' responses. Methods: Three sites decreasing in their tree cover, access to forest and increasing in their
cropland proportion, but otherwise with almost identical conditions were selected in Southern Ethiopia. A mix of methods were used between September 2014 and
September 2015: remote sensing, tree counting, household surveys, participatory rural appraisal and focus group discussions. Results & Discussion: A change
from forest and grassland to cropland resulted in improved food security and income but led to a reduction of construction materials, fuelwood and livestock numbers
across all sites. As a household's response to the scarcity of these products, reforestation occurred in all zones at different times: first in the intermediate zone -high
tree cover, no access to forest-, then in the zone most distant to the forest -most deforested-, and finally closest to the forest -highest tree cover-. Reforestation
occurred through Eucalyptus establishment and natural regeneration -based on inhabitants' decisions- Homestead establishment and proximity to the homestead
were found to promote reforestation and perennial land uses: tree cover, woodlots, grasslands and false banana -Enset - plantations. Currently, livestock ownership
and its equality increased with decreasing cropland specialization and decreasing distance to forest; with implications observed in wealth indicators. Livestock and
trees were mentioned as assets that reduce vulnerability and support poorer households. Conclusion: We conclude that farmer led reforestation occurred as an
active response to recover diminished ecosystem services, and that although crop specialization originally improved food security and income, it later promoted
inequalities, vulnerability and reduced wealth; oppositely a higher proportion of perennial land uses within the agricultural matrix and access to forest could help to
reduce these problems.

Keywords: livelihoods; inequality; farmers' managed reforestation
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Background: Changing demands for agricultural products driven by ongoing population growth and shifting socioeconomic demographics is leading to transitions in
dietary patterns throughout the developing world. Global demand for agricultural products is expected to increase by 1% per year over the period of 2007-
2050a€"equivalent to a 60% increase in production over the same period. Concurrently, a global nutrition transition is manife sting itself in the increased demand for
certain agricultural commodities, in particular vegetable oils, refined carbohydrates and animal source foods. Smallholder family farms still dominate global
agricultural systems, comprising 98% of all farms and covering 52% of agricultural land. Yet, these farms are increasingly becoming commercialized and transitioning
away from diverse subsistence systems towards specialized market orientated operations leading to dramatic shifts in the scale and nature of agricultural
landscapes. Methods: How these agricultural transitions affect the environment, ecosystem service provisioning, and the livelihoods, well-being and health of local
populations is a key focus of this project. To answer these questions, we have applied a novel methodological approach as part of the Agrarian Change Project which
aims to explore the nature of forest loss and landscape-scale agricultural transitions in tropical forested areas across seven countries. We examine how commodity -
driven changes in agricultural landscapes manifest themselves as dietary transitions at the local scale which represents an often overlooked social dimension of
tropical conservation. Results: Here we present evidence to support the notion that deforestation and agrarian intensification of landscapes can drive nutritional
transitions at a local scale and that agricultural commercialization may improve food security, but its effects upon dietary diversity are yet to be fully understood.
Discussion: Understanding the roles that forests play—beyond the maintenance of biodiversity and ecosystem services—in the diversity of rural diets may provide
conservationists with yet another tool to address issues surrounding land use change, rapid rural development and the associated socio-environmental impacts.
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Loss of rare orchid bees in the Amazon:

effects of plateau size and bauxite mining

Geraldo Fernandes™, Yasmine Itabaiana?, Carolina Machado3, Pedro Galetti Jr', Marcio Oliveira4, Rodolfo Dirzo5
'Biologia Geral, Universidade Federal de Minas Gerais; 2Departamento de Biodiversidade Evolugao e Meio Ambiente, Universidade Federal de Oro Preto; *Departamento de Genética e
Evolugo, Universidade Federal Sdo Carlos; “Entomologia, Instituto Nacional de Pesquisas da Amazonia; 5Biology, Stanford University
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Background: The knowledge of spatial pattern of beta-diversity is of great importance for practical biodiversity conservation and interpreting ecological information.
Tropical forests, especially the Amazon Rainforest, are well known for their high species richness and low similarity in species composition among sites. We aimed to
determine the effect and relative importance of geographic distance and climatic factors on species richness and turnover in orchid bee assemblages in plateaus of
the Brazilian Amazonia. We hypothesized that smaller plateaus would present lower phylogenetic diversity of orchid bees compared to larger plateaus. Methods:
Orchid bees were collected from nine plateaus scattered throughout the FLONA Saraca-Taquera, Brazil. Data of the spatial location of bees, elevation, temperature,
precipitation, and evapotranspiration potential were correlated with orchid bee community geography. The distance-decay in similarity relationship was analyzed
using simple linear regressions. Phylogenetic diversity, was performed using Faith's phylogenetic diversity (PDFaith) and mean pairwise phylogenetic distance
weighted by species abundance (MPD ). Result- Bee richness varied from 15 to 24 species per plateau, while abundance varied from 108 to 424 individuals. The two
dimensional NMDS (stress 0.14, proportion of variance 0.70) indicated the existence of a geographical/environmental gradient in orchid bee species composition
among the plateaus. The level of pairwise similarity among communities ranged from 20.0 to 61.1% (Bray-Curtis index, mean = 40.7%) when considering the total
abundance of the 30 most frequent bee species. Similarity in species composition among the plateaus decayed both as function of climatic (R=-0.34, p=0.03) and
geographic distances (R= -0.53, p<0.001). The greatest dissimilarities in bee assemblage composition were observed among pairs of sites located 20-30 km from
each other. There was a positive and statistically significant relationship between the number of trees and orchid bee species richness (R2=0.48, p=0.036). Most of
the relationships among species were highly supported by bee phylogeny. Discussion/Conclusion: Our results are in accordance with many other studies
conducted in the Amazon Basin that show that environmental gradients strongly affect the turnover of animal and plant species in tropical forests. Rarer bee species
should become threatened in the near future as bauxite mining expand in the region.
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Background: Flower color is a major trait for communication between plants and their pollinators. The diversity of flower color may be the result of the selective
pressure exerted by pollinators, which present a wide range of visual systems, differing in the way they perceive and select colors. Flower color diversity is also
related to species composition, a determinant factor in naturally heterogeneous environments, as the tropical rupestrian grasslands (campo rupestre). Rupestrian
grasslands encompass a mosaic of tropical vegetation physiognomies, with high species diversity and endemism, a unique natural environment to investigate flower
color diversity. In this context, we aimed to: describe the diversity of flower color patterns of the studied rupestrian grassland; and verify whether flower colors are
related to their potential pollination vectors. Methods: In the vegetation mosaic of the Espinhago mountain range ("Cadeia do Espinhago"), a rupestrian grassland at
Serra do Cipd (Minas Gerais State, Brazil), we measured flowers' reflectance spectrum of 300 species. For that, we used a spectrometer which includes ultraviolet
light (UV), covering all pollinators visual range. All plant species were identified and had their pollination mode classified based on directly observation, bibliography
information or flower morphology. Flower colors were analyzed using the models described for the visual system of each pollinators' groups. Results: We preliminary
analyzed flower color of some species potentially pollinated by bees and by hummingbirds. The white melithophilous and red ornithophilous flowers were UV
absorbers, as expected from other studies. While bee flowers reflected mainly between 300-500nm, bands of better bee's chromatic sensitivity, hummingbird flowers
reflected mainly between 500-700nm, wavelengths for which bees have no chromatic sensitivity. The high reflection on longer wavelength may decrease the
attractiveness of ornithophilous flowers to bees, which may be a niche separation of floral visitors based on the conspicuity of the flower colors for each pollinator
group. Conclusion: Our results corroborate the influence of pollinators' vision system on the evolution of flower coloration, reinforcing the idea of coevolution
between plants and their pollinators. As observed for those few species, we expect to find influence of the pollinators' visual systems in the general pattern of flower
color diversity of the studied rupestrian grasslands.
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Anthropic effects on pollinators in the southernmost limits of subtropical dry
forests

Ramiro Aguilar'’, Lucas Carbone!, Pablo Ramello?, Lorena Ashworth’
Ecological interact, IMBIV; 2Universidad de la Plata

*Correspondence Author. E-mail: rams.aguilar@gmail.com

Human activities are dominant drivers of current biodiversity changes throughout the world. Land use practices such as deforestation, grazing, and agriculture affect
ecosystem structure and functioning and regional climate. The southernmost limits of subtropical dry forests have experienced the highest rates of deforestation
worldwide over the past decades, and such landscape changes can alter plant-pollinator interactions in different ways. Animal pollinators are responsible for the
sexual reproduction of 80% of angiosperms and also play a key role in fruit/seed production of domesticated species and in the reproduction of many useful wild
species. Due to the essential ecosystem services provided by animal pollinators it is particularly important to learn about their dynamics in such changing
environments. Here we assess pollinator richness and abundance in different anthropic scenarios: i) a gradient of habitat fragmentation landscapes, ii) unburned,
high and low fire frequency sites, and iii) a gradient of agricultural intensification. Habitat fragmentation strongly reduced richness and abundance of Lepidoptera and
Diptera and small solitary bees. More mobile pollinators such as hummingbirds, Bombus spp. however, showed no changes. Apis mellifera, showed an increased in
relative abundance in smaller habitat fragments. Fire frequency also elicited species-specific responses of pollinators. Bombus spp. were equally abundant across
sites whereas other pollinators such as Megachile sp., Notanthidium sp., Trimeria sp. were either reduced in abundance or absent. Bee richness and abundance
decrease in highly managed orchards as compared to organic management. We discuss the implications of these findings for the reproduction of native plants
species in ubiquitous human-altered landscapes.
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Background: Reproduction in vascular plants is expected to synchronize with biotic and abiotic conditions that allow successful pollination and seed maturation.
Pollinator mediated selection is believed to be a predominant selective factor shaping flowering patterns in plants. Climatic conditions may also influence phenology
as they may regulate resource availability or the seasonal abundance of pollinators. The reproductive schedule of plants may also be limited by phylogenetic
constraints, where flowering time is similar among related individuals. Given the forthcoming changes in climate, the relative importance of factors shaping
reproductive schedules in mountainous habitats will provide information on how plant species adjust to climatic changes, and how such adjustments affect animal-
plant interactions. Methods: Starting on 2013 we recorded flowering phenology on 70 herbaceous species and woody shrubs in an upper montane forests of Costa
Rica. The number of flowering individuals per species was recorded monthly along a 1 km transect. We also collected and identified all insects visiting flowers and
recorded bird visitors. We used circular statistics to describe flowering patterns and generalized linear models to relate flowering phenology to climatic conditions.
Phylogenetic relationships were determined using Phylomatic and a multivariate phylogenetic eigenvector regressions analysis (PVR) was used to assess the
influence of phylogeny and climatic factors on flowering phenology. Pollinator networks were created and interaction evenness and pollinator generalism were
estimated for each species. Results: Most species (68/70) showed distinct seasonality with only 10 species flowering in the rainy season, while the flowering peak of
most species (66/70) occurred during the dry season (Nov-Mar). Only two species flowered continuously. Changes in precipitation and temperature did not affect the
onset of flowering, nor changes in peak flowering dates. Phylogeny influenced the flowering phenology of species in the upper montane forests of Costa Rica.
Pollinator networks showed low specificity among taxa. Conclusion: Our results suggest that flowering phenology of the upper montane forests in Costa Rica occurs
more commonly in the dry season and that phylogenetic restrictions predominately affect flowering patterns in these species. Predicted climatic changes for the
Costa Rican highlands could affect the phenology and reproduction of this plant community.
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The importance of vertebrates in pollination ecosystem services
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Background: Vertebrates have been considered as pollinators of many wild plants and few crops. In all continents mainly bats and birds can be considered as
important pollinators of many plant species. In America bats and birds can be considered the most important vertebrate pollinators of wild and crop plants. Aims: In
this work the importance of those two vertebrate groups was evaluated by studying plant-animal networks in both wild and crop plants to estimate the importance and
dependence of these pollinators. Methods: Data on plant-vertebrate pollinator networks were collected both from field studies done by the authors and from literatura
and analised to determine importance as pollinators, dependency and risk of extintion from conservation concerns for both plants and pollinators. Results: Plants
dependant on vertebrates as pollinators may be more prone to extintion risks due to loss of pollinator connections. Important plants were determined both for bats
and birds. Using network analysis dependency and risk of extintion was determined and importance for conservation assessed.

Keywords: hummingbirds, bats, conservation, pollination
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*Correspondence Author. E-mail: mquesada@cieco.unam.mx

Background: Animal pollination is one of the essential services provided by ecosystems to humans. In the face of a potential worldwide pollination crisis, it is
important to assess which countries may be more vulnerable in order to prioritize pollinator conservation efforts. Human population density and poverty levels; and
the degree of pollinator dependence for food provisioning are key aspects to identify vulnerable countries. We reviewed the literature and evaluated these aspects to
determine the level of human food provisioning dependence on pollinators in several Latin American countries. Methods: We evaluated the extent to which food
production depends on animal pollinators in several Latin American countries by comparing cultivated area, produced volume and yield value of major food crops that
are pollinator dependent with those that are pollinator non-dependent. In addition, we valued the ecosystem service of pollination based on the degree of pollinator
dependence of each crop. Results: In Brazil, a total of 68% of the 53 major food crops depended to some degree on animals for pollination. In México, nearly 85% of
170 of fruit and/or seed consumed species depend on pollinators for productivity. In Argentina, from a total of 68 crops, animal pollination increased production
directly in 37 and indirectly in 13 cultivated species. In Central America, pollinator dependent crops are also very efficient in terms of productivity per unit area but
current market economies have driven these countries to increase pollinator independent crops that are less efficient and less sustainable. For example, an increase
in non-pollinator dependent cultivated areas such as sugar cane, rice, bananas and pineapple and a decrease in coffee in Central America. Conclusion: In many
Latin American countries, pollinator-dependent crops generated larger income but cover a lower cultivated area and produce less volume compared to non-pollinator-
dependent crops. Native wild pollinators also play a key role in fruit or seed production of domesticated plant species and in the reproduction of many useful wild
species. Pollination services are particularly important in rural areas of Latin America, as the livelihood of a large proportion of the population exclusively and directly
depends on ecosystem services for subsistence.

Keywords: Pollination, reproduction, food security
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Demography and population viability of spider monkeys Ateles geoffroyi
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Aureli?
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Effective conservation of endangered populations depends on accurate estimations of their viability and the factors that determine their vulnerability. Population
viability, in turn, depends on demographic parameters that are often hard to estimate for long-lived species. Here we take advantage of a 20-year long dataset to
analyze life histories of Geoffroy's spider monkeys (Ateles geoffroyi). All Ateles spp. are endangered throughout the Neotropics, while playing important roles as seed
dispersers and flagship species for conservation. We collected data on individually identified monkeys in a group inhabiting the area around the Punta Laguna lake,
in the Otoch Ma'ax yetel Kooh protected area (5327 ha). Group size varied from 19 individuals in 1997 to 43 individuals in 2016. Data were collected by scan
sampling of subgroups for 4-6 daily hours, 4-6 days per week. We built a matrix model of the demography of the group representing it as a birth-flow, stage-
structured population. During the 20 years, 17 females immigrated into the group and 19 females emigrated from it. We recorded 63 births (28 females, 28 males and
7 of unknown sex), occurring in all months of the year, although concentrated around December and January. We recorded 31 dis appearances (not including those
of 4-9 years old females, who we assumed emigrated from the natal group). Of these, we confirmed 4 deaths, all males between 5 and 7 years old, at least 3 of
which died due to attacks from their own group's males. The population growth rate was 1.089, suggesting that the population is increasing. Females have a 0.79
survivorship into the 17-21-year stage, while males have a 0.49 survivorship at that stage. Three reproductive females are at least 32 years old. An elasticity analysis
revealed that female survivorship during the first 5 years and female fertility during the 17-21-year stage contribute the most to the population growth rate. While
suggesting that the spider monkey population in the area is healthy, our results need to be interpreted within a larger spatial and temporal context. For this, we use
survey data and an analysis of land use and cover change for the past 16 years to estimate the population density in the protected area as a whole. These
estimations provide realistic starting points to project population size into the future using the matrix model described above.
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Background: Fragmented forests are highly dynamic, as fragments often exhibit spatial changes through time. However, the lack of longitudinal studies has limited
our understanding of the impact that temporal fragment dynamics have on biodiversity. Such longitudinal studies are particularly important in taxa with slow life
histories, as they may exhibit a time lag between habitat disturbance and population collapse (i.e., extinction debt), or similar delays between habitat restoration and
population recovery. Recognising such situations is critical for predicting future populations and, therefore, for conservation and management. Methods: We
examined demographic and biogeographic data for a population of critically endangered Mexican howler monkeys (Alouatta palliata mexicana), residing in 39 forest
fragments in Los Tuxtlas, Mexico, at two discreet time points (2001 and 2013). We carried out population censuses to gather demographic data (fragment
occupation, number of individuals per fragment, fragment density, mean group size and immature/female ratio) and used GIS data to characterise habitat (patch size,
isolation and shape). Using a multi-model averaging approach, we related demographic attributes in 2013 to fragment mefrics in 2001 and 2013 and assessed
whether populations were better predicted by current or historical fragment characteristics. We also assessed whether and how changes in fragment metrics between
2001 and 2013 promoted changes in demographic attributes between years. Results: Over the study period, we observed an increase in patch size and a decrease
in patch isolation. In response, the overall population size grew from 332 to 560 individuals, with an average increase of 6 individuals per fragment. Fragment
occupancy and population size in 2013 were more strongly and positively related to fragment size in 2001 than in 2013. However, change in fragment size through
time was the best predictor of change in population size. Discussion: Our findings suggest that there is an extinction debt in the howler monkey population in Los
Tuxtlas, as demographic data is more closely predicted by past biogeography. However, surprisingly, forest recovery in a relatively short period (13 years) promoted
the rapid recovery of primate populations. Therefore, howler monkeys seem to be relatively resilient to habitat disturbance, and their conservation will principally
depend on preventing forest loss and reversing forest fragmentation.
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Natural contact zones between species are vital testing grounds for ideas about speciation, species coexistence and behavioral evolution. Many gibbon contact
zones in Southeast Asia have already been destroyed by deforestation and it is thus urgent that the few remaining ones are well protected for study. Lar and pileated
gibbons (Hylobates lar and H. pileatus), are only found in contact in central Thailand, where hybrids are found amid a mixture of parental phenotypes. We aimed to
investigate the environmental factors determining the relative density of the two species, their habitat affinities, and the extent of the area containing hybrids and
backcrosses found in mixed-species groups. We employed an auditory survey by means of a grid of listening posts that covered approximately 300 square
kilometers. We used N-mixture models based on multiple visits to estimate the effect of several environmental parameters on gibbon abundance. Most mixed-species
groups were found in a radius of 3 kilometers constricted in the middle of the two gibbon distributions. Pileated gibbons were not as abundant as lar gibbons, perhaps
due to poaching, as park headquarters lies in the lar side of the zone where poaching pressure is less. Indeed, all forms of gibbons declined with increasing distance
from park headquarters. We recommend that patrolling be increased in more remote areas, especially in areas where pileated gibbons are more prevalent.
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Background: With the extent of tropical forest degradation, primates increasingly inhabit forest patches embedded in anthropogenic matrices. Such matrices are
composed of different elements (e.g., agricultural lands, cattle pastures, secondary forests, live fences), but large uncertainty remains about the ability of primates to
use different matrix elements. Here, we assessed the use of matrix elements by primates worldwide. Methods: We reviewed 300 evidences on matrix use by
primates, and recorded the type of element used and their main activity (feeding, resting and/or traveling). We also gathered information on some functional traits
(diet, locomotion, home range, diel activity, body mass, and habitat type) and the conservation status (based on the IUCN red list) of species. Results: We found 147
primate species using the anthropogenic matrix in 44 countries distributed in the Neotropics, mainland Africa, Madagascar, and Asia. Secondary vegetation and
vegetation corridors were more frequently used than arboreal crops and annual crops, and although scarce, we also found records of primates using cattle pastures
and human settlements. Feeding, traveling and resting records were observed in all matrix elements, but vegetation corridors were mainly used for traveling, and the
rest of matrix elements were mainly used for feeding. Most primate species were forest specialists, diurnal, arboreal, with medium (10-100 ha) to large (> 100 ha)
home range requirements, and with a frugivorous (34% of species), omnivorous (20% ) or folivorous-frugivorous (17%) diet. Also, most primate species (60%) are not
threatened with extinction. Conclusion: Our findings highlight the behavioral plasticity of primates, and suggest that the certain elements of the anthropogenic matrix
may play a key role in primates' ecology and conservation, providing important food resources and opportunities for traveling (i.e. spatial connectivity) in fragmented
landscapes, but also increasing exposure of primates to threats (e.g. diseases, hunting, predation). Thus, a combination of land management strategies (e.g. matrix
enrichment with food tree species, creation of structural connectors such as linear patches, live fences and scattered trees), and environmental education is needed
to increase the conservation value of the matrix for primates and favor primates' persistence in human-modified landscapes.
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The impact of anthropogenic disturbance on the viability of black howler
monkeys
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Background: Population viability analysis (PVA) allows assessing extinction risk, which is of paramount importance for conservation and natural resource
management practices. In addition to the modeling of the influence of deterministic demographic processes on the extinction risk of populations, PVA allows
simulating the consequences of stochastic factors. The aim of the present study was to model the effects of anthropogenic dis turbance events (ADE) on demographic
parameters of extinction risk for 11 subpopulations of the Endangered black howler monkey (Alouatta pigra), in Campeche, Mexico. Methods: Models were built
using information collected during a seven-year demographic monitoring of the subpopulations, as well as on published life history data. We used the software
VORTEX to study four extinction parameters: subpopulation growth rate; final subpopulation size; probability of extinction; years to extinction. For each subpopulation
we ran three models: a baseline model; one model with 5% increase in the frequency of ADE; one model with 10% increase in ADE. We ran a fourth model excluding
ADE for subpopulations that were known to be exposed to ADE in baseline models. For each of these models, we also ran a sensitivity analysis in which vital rates
were sequentially varied by +10%. Results: As ADE increased, subpopulation growth rate, final subpopulation size, and years to extinction decreased, whereas
probabilities of extinction increased. When ADE was removed, subpopulation growth decreased more slowly, subpopulations included more individuals, and
extinction became less probable and was delayed. Small subpopulations that were not affected by ADE faced high extinction risk. Extinction parameters were
particularly sensitive to adult female survival and fertility. Conclusion: ADE is predicted to be a major stochastic factor influencing the extinction risk of black howler
monkeys in Campeche, although subpopulation size, female survival, and fertility are also determinant for long-term viability.

Keywords: anthropogenic disturbance, extinction, population management, primates, PVA
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Background: Habitat disturbance is widely recognized to cause population declines of mammal species and changes in ecosystem functioning. Human population
increase, a booming tourism industry, and climate change are modifying the landscape of the Yucatan Peninsula. The aim of our study was to determine the effect
that different types of habitat disturbance have had on Geoffroy's spider monkey (Ateles geoffroyi) populations at the landscape scale. In particular, we tested the
hypothesis that spider monkeys are vulnerable to habitat disturbance. We predicted the number of monkeys to be lower in degraded forests. Methods: We
performed 16 line transect surveys in 4 sites in the Yucatan Peninsula where we recorded the number of individual monkeys encountered and sampled all trees with
DBH>5cm (n=17075) along 500m segments (n=72). After removing correlated variables, habitat disturbance variables consisted of the distance to roads, distance to
villages, forest loss and presence of forest fires. We calculated the density of all sampled trees, density of large trees (DBH>35¢m), basal area of food trees, and
canopy height. We ran generalized linear mixed models to determine the effect of these predictor variables on the number of spider monkeys sighted on 216 km of
line transect walks. We calculated the importance value index (IVI) to compare tree species composition across sites. Results: Forest loss (p<0.05) and presence of
forest fires (p<0.001) negatively affected the number of monkeys, whereas density of large trees (p<0.001), basal area of food trees (p<0.05) and canopy height
(p<0.01) positively affected the number of monkeys. According to IVI, the 10 most important tree species varied across sites but all sites had a combination of
secondary forest species, mature forest species and species important in the monkeys' diet. Conclusion: Our results showed that when available, spider monkeys
prefer tall canopy, high density of large trees and high basal area of food trees, common characteristics of mature forests. The number of spider monkeys is more
affected by forest degradation (e.g., forest loss and presence of forest fires) than human presence (e.g., distance to villages and distance to roads). Overall our
results shed light on the factors affecting spider monkey populations in the Yucatan Peninsula.
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The ecology and biogeography of Neotropical Seasonally Dry Tropical Forests

Marcelo Tabarelli”, Inara Leal'
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Background: Woody plant species distribution suggest that Seasonally Dry Tropical Forests (SDTF) are evolutionarily and ecologically more complex, diverse and
singular than previously perceived. However, a more comprehensive view about SDTF is still to emerge. Methods: Here we review and present syntheses about key
ecological aspects and the evolutionary history of SDTF. Results: SDTF consist of a true biome due to the predominance of deciduous woody plant species, which
confer a shared physiognomy. Briefly, SDTF can consist of 21 floristic nuclei from Mexico to Argentina, most of them as spatially well-delimited/disjunct units. These
nuclei can also be grouped into 2-12 major regions based on species similarities, with a clear north-south major separation. Ecologically, SDTF cover from 250 to
1800 mm annually, supporting a collection of vegetation types from deciduous tall forests to scrub vegetation. Despite of the predominance of deciduous plants,
SDTF apparently differ in many ecological aspects, including plant life-form profile, plant reproductive biology, species assembly and ecosystem functioning,
particularly nutrient stocks. SDTF nuclei also differ in terms of land use and the predominant socio-ecological systems, resulting in distinct threats and biodiversity
responses. Rather than suitable and prosperous agricultural lands, some nuclei or regions cover naturally unfertile soils, from which human populations hardly
achieve acceptable levels of livelihood and persist as fragile societies. Biogeographically, SDTF present few plant species in common, elevated rates of endemism
due to local speciation and narrow-distributed species, increased species turnover among nuclei, and plant species bearing adaptations to open/arid environments .
This scenario is expected to emerge from prolonged and aging isolation, with some taxa from the Miocene. Rather than a wide-raging biota emerging in the
Pleistocene, SDTF have an old and "polyphyletic” origin with local speciation and events of long-distance dispersal supported by evolutionary distinct pools of source
taxa. Conclusion: Rather than subsamples of a broad meta-community, SDTF consist of almost evolutionarily independent units. They also support unanticipated
biological singularities, with distinct socio-ecological systems, threats and biota responses to local/global human disturbances. Such a complex scenario, while
reinforces SDTF as a global heritage, poses immense challenges to SDTF persistence.

Keywords: biogeography, SDTF, plants, evolutionary history
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Background: The Caatinga Domain (CD) in northeastern Brazil covers an area of ¢. 849,000 km2 and harbors the largest and most continuous expanse of the
Seasonally Dry Topical Forests and Woodlands biome (SDTFW) in the New World. Phytogeographical data collected over the past ten years support previous
hypotheses that recognized two major biotas in Caatinga SDTFW: the Crystalline Caatinga, mostly associated with medium to highly fertile soils in the wide Sertaneja
Depression; and the Sedimentary Caatinga, mostly associated with poor sandy soils derived from patchy sedimentary surfaces. A third floristic set could be
represented by tall Caatinga forests. Methods: We revised floristic literature and herbaria databases to provide a comprehensive checklist of the CD flora. We
performed phylogenetic meta-analyses of selected SDTFW lineages to estimate times of divergence, ancestral areas, and biogeographical processes resulting in the
current angiosperm diversity of CD. Results: We recorded 3150 species in 930 genera and 152 families of flowering plants from the CD. About 23% of the species
and 31 genera are endemic to the CD. The phylogenetic analyses indicated that plant diversity in the Caatinga arose mostly by in situ speciation following Mid to Late
Miocene vicariance events with two major SDTFW nuclei: (1) the northwestern Caribbean dry coast of Colombia and Venezuela, and (2) the southwestern South
America dry forests of southern Bolivia and northwestern Argentina. Discussion/conclusions: The CD is the richest SDTFW area in the New World and harbors an
expressive amount of endemic taxa. Ancient (Mid to Late Miocene) vicariance followed by in situ should resulted in the current floristic patterns in CD. Phylogenetic
analyses also uncovered unexpected patterns of recent radiations, with geologically new species and incomplete lineage sorting that sharply contrast with the most
common phylogenetic patterns found in SDTFW clades. Recent, mostly Pleistocene, ecological speciation better explains the emergence of distinct biotas on sandy
and karstic surfaces.

Keywords: SDTFW, Diversity, Endemism, Evolution
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Ants from Caatinga: diversity, biogeography and responses to climate change

and human disturbance

Xavier Arnan®’, José Domingos Ribeiro-Neto?, Fernanda Mp Oliveira', Gabriela B Arcoverde!, Rodrigo M Feitosa®, Alan N Andersen?, Inara R Leal3
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Despite the abundance and ecological relevance of ants in most terrestrial ecosystems, our knowledge of the ant fauna from Caatinga is very poor. Furthermore, ants
(like all the biota) in the Caatinga are largely endangered due to the historical unsustainable exploitation of natural resources and climate change (mainly, increased
aridity levels). In this work, we present an overview of the diversity, taxonomy, biogeography and functional composition of the Caatinga ant fauna, along with a
synthesis of its response to increased chronic anthropogenic disturbance and aridity. We compiled a database consisting of 57 2 presence-absence ant records and
276 ant species/morphospecies from 37 localities. We found that the great majority of Caatinga has not been intensively sampled for ants, and the intensive sampling
that has been conducted reveals high rates of species turnover between localities. Species accumulation analysis suggests that many Caatinga ant species remain
to be discovered. The great majority of ant species recorded in Caatinga are widely distributed in other biomes, especially in Cerrado, and only a few known species
are endemic to Caatinga. This very low level of endemism, combined with highly depauperate species richness in a Neotropical context, is in stark contrast to the
Caatinga flora and other faunal groups. We have also validated the use in the Caatinga of a global model of ant functional groups that classifies ants according to
biogeographical scale responses to environmental stress and disturbance. We revealed significant changes in ant taxonomic and functional composition with
disturbance, with predictable winner-loser replacement, a pattern that widely occur throughout the world. Disturbance winners were highly generalised species with
wide environmental tolerances and species favouring open habitats (e.g. Opportunists and Dominant Dolichoderinae). In contrast, highly specialised species were
disturbance losers (e.g. Specialist predators). Aridity also affected both species and functional group composition. Since species and functional group composition of
the ant fauna is sensitive to increasing disturbance and aridity, this has important implications for the many ecosystem services provided by ants. We claim that the
preservation of Caatinga areas with high biodiversity value is priority for maintaining Caatinga biodiversity into the future. We finally conclude with some future
directions of ant research in Caatinga.

Keywords: ants, biogeography, Caatinga, disturbance, diversity
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Background: The Caatinga biome, located in the semi-arid region of northeastern Brazil, is dominated by a seasonally dry tropical forest and encompasses a
relatively modest hydrographic network, characterized by intermittent water courses. Even the major rivers which are perennial, such as the Sdo Francisco and
Parnaiba, possess mostly intermittent tributaries within the Caatinga. In spite of some early explorations dating back to XVIth century and the systematic compilation
of fish species which started in the beginning of the XIXth century, until recently the fish fauna of the Caatinga biome has been considered poorly known due to the
lack of adequate sampling. To ensure the preservation of aquatic biota of the Brazilian semiarid region, which faces many impacts due to water scarcity, diversity and
distribution data are required. Methods: The present study assessed the current state of knowledge on the Caatinga fish fauna, in terms of species richness,
endemism and conservation status, based on a literature review, recent field work and collection records. Results: As major results, we found a considerable
increment of the species richness in the biome when compared to previous estimates, totaling 377 primary and secondary freshw ater fish species, 209 of which are
considered endemic to the hydrographic ecoregions on which the Caatinga occurs, 15 are introduced from other basins and 19 listed species have doubtful
taxonomic status. Additionally, 35 species are currently recognized as undescribed. We also highlight that the 33 endangered fish species in the Caatinga possibly
are not included in protected areas, and that the conservation units in the biome are not enough to ensure protection to endemic and endangered fish species.
Among the challenges to the conservation of the Caatinga fishes is the S&o Francisco Interbasin Water Transfer, which will input water to the four main temporary
rivers of the Mid-Northeastern Caatinga Ecoregion. Ecological niche modelling indicated that 11 among 49 species exclusive of the S&o Francisco basin have higher
potential risk to invade the receptor basins. Conclusion: For the conservation of the Caatinga fishes, there is an urgent need for preservation of the integrity of the
temporary aquatic environments, that besides representing important areas for shelter, feeding and rest for several fish species, also harbors the diverse
Cynolebiidae annual fishes, mainly in the S&o Francisco Ecoregion.
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Ecology and Biogeography of terrestrial vertebrates from the Brazilian Caatinga
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Background: The Caatinga biome is the largest fragment of Seasonally Dry Tropical Forest in South America, restricted to Brazil. For many years, the region was
considered species-poor and lacking character. Its fauna was thought to be mostly composed of widespread species shared with two other biomes, Chaco and
Cerrado, which form a diagonal of open formations crossing South America from northern Argentina to northeastern Brazil. Methods: We used field surveys
conducted and literature records to evaluate richness and endemicity of Caatinga terrestrial vertebrates. For amphibians and lizards, we also modeled species
distributions and generated surface maps of potential distributions. We also review the literature on the ecology, biogeography, and conservation of terrestrial
vertebrates in the Caatinga Biome. Results: In total, we identified 1002 species of terrestrial vertebrates (119 endemics) occurring in the Caatinga Biome (endemics
in parenthesis): 98 amphibians (20), 79 lizards (38), 112 snakes (22), 10 amphisbenids (5), 7 turtles, 3 alligators, 183 mammals (11), and 510 birds (23). For
amphibians, the eastern portion along the Atlantic Forest border and mesic enclaves in higher-altitude areas in the core of the biome are richer. For lizards, marginal
areas east and west present high species richness, while most of the core of the biome has lower values of potential richness . Discussion: Despite the harsh semi-
arid climate and the obvious constraints imposed on vertebrates in the region, few papers have been published on the ecology of Caatinga vertebrates. From natural
history and population ecology to large-scale macroecology studies, the literature on terrestrial vertebrates from the Caatinga is only in its infancy. It is the less
studied biome in Brazil, making it likely one of the less studied faunas in the world. The number of species tallied herein is 161 species higher than previous
estimates. This increase is due to new records, new species, and to the inclusion, in the present study, of species from mesic enclaves occurring across the biome.
Some groups, especially amphibians, still present high rates of species descriptions, which are now being fuelled by recent molecular appraisals and phylogeography
work. As for other taxa, Caatinga terrestrial vertebrates are at risk because of the small network of protected areas, aggravated by the incomplete sampling of the
biome and the lack of ecological information for the majority of the species.

Keywords: Caatinga, vertebrates, richness, ecology, Biogeography
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Background: Interactions between plants and animals are extremely diverse and consist of both evolutionary and ecological forces for angiosperms, insects and
many groups of vertebrates. However, human encroachment imposes a myriad of threats for biodiversity, including habitat loss and fragmentation, collection of forest
products and habitat degradation by livestock production. Methods: Here we present an overview of plant-animal interactions in the Caatinga vegetation, the largest
dry forest in South America, its response to human disturbances and future scientific agenda. Results: Although the Caatinga biota is exposed to a semiarid climate
(240-900 mm annual rainfall), plant pollination is very specialized, involving 15 different systems and a high percentage of pollination by vertebrates. Abiotic seed
dispersal prevails, but Caatinga is a global hotspot for myrmecochory, with more than 100 woody species depending on ants for seed dispersal; saurochory is also a
distinctive dispersal mode in Caatinga. Extrafloral nectary-bearing plants are also very conspicuous in Caatinga, achieving 15% of woody species and 40% of
individuals at local spatial scale. These plants are protected against herbivores by a diverse ant community. Leaf-cutting ants (LCA) and exotics goats represent the
most voracious herbivores (LCA herbivory rate is 20% of leaf in their foraging areas). Human disturbance has been demonstrated to reduce all mutualistic
interactions, while promote a proliferation of herbivores as LCA and goats. For instance, old-growth forest stands support a higher diversity of pollination systems as
compared to regenerating stands following pasture and agriculture, which support a higher frequency of species pollinated by bees and an absence of species
pollinated by beetles, birds and vertebrates. Moreover, ant species providing high-quality dispersal services are highly sensitive to increasing disturbance and its
seed removal rates and distance decrease with increasing disturbance. On the other hand, it was observed a 7-fold increase of LCA colony density within the first 50
m along roads as compared to distances up to 300 m, along with an increasing in herbivory rate due to herbs proliferation. Discussion/conclusion: Disruption of
plant-animal interactions in human-modified landscapes have negative effects on ecosystem services as pollination, seed dispersal, pest control, nutrient cycling and
the persistence of the endemic flora of Caatinga vegetation.
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Sociecology of natural resource use in the Caatinga: lessons for biodiversity
conservation
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Background: The interaction of people with the natural environment is ancient. Humans have great power to transform the natural environment and to interfere with
the food chain and the processes that enable the renewal of populations of other species. The needs and demands for subsistence and economic growth convert
natural systems to social-ecological systems. Understanding the functioning of these anthropogenic systems is extremely important for the conservation of biological
diversity as well as environmental management and sustainability. Methods: This chapter aims to highlight the findings published on the interactions of human
populations with animal and plant resources in the Caatinga. Results: In this type of ecosystem, seasonal and interannual variations in the rainfall pattern and the
unpredictability of the total annual rainfall as well as the length of each season and the occurrence of interrupting events in the duration of each season in time and
space have great influences on ecosystem functioning and the life dynamics of human populations. The diversity and intensity of the use of plant and animal
resources reflects the knowledge and characteristics of the social structure of local communities that interact with the environment. Discussion/Conclusion: The
collection of forest products and the hunting of wild animals of the Caatinga generate transformations in habitat conditions and often diversify the types of forest
microhabitats. This ultimately affects not only the life cycle of resource use but also the dynamics of other species and over the medium and long term, the
sustainability of human practices and the dynamics of the entire social-ecological system. Thus, we will discuss the role of people in ecological processes and identify
gaps that need to be filled for a change in perception and the integration of humans in ecological studies.

Keywords: human ecology, ethnobiology, ethnozoology, ethnobotany
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Background: Cultural Ecosystem Services (CES) include all of the non-material benefits that ecosystems provide for local people and visitors. These benefits arise
through the interaction of cultures and natural features (e.g. landscape conformation, iconic species, etc.). The Caatinga region of northeast Brazil is densely
populated, has a rich history of human habitation and unique biophysical characteristics: these attributes have generated a wide range of CES for both the local
inhabitants and national / international visitors. Methods: We provide a concise summary of the history of human interactions with the Caatinga and review current
knowledge of CES, focusing on the role of the ecosystem as a source of: i) aesthetic value; ii) recreation; iii) religious and spiritual value; iv) cultural heritage and
identity, and; iv) research and education. Our data is drawn from a variety of sources, including a novel content analysis of geo-referenced photographs from 105
State parks and 104 Federal parks within the Caatinga. Results: All forms of cultural ecosystem services are present in the Caatinga, but to date there have been no
systematic efforts to quantify and map them. In our analysis, almost 70% of geo-referenced photographs could be classified as representing aesthetic appreciation of
the landscape (frequently deep cut canyons and gorges, waterfalls, tracts of Caatinga forest and brejos). There were also a high number of photos representing
social activities and sporting recreation. Discussion/Conclusion: Despite its clear importance for ensuring the social resilience of protected areas and natural
landscapes, CES is still at a very early stage of development and academic studies are almost completely absent in the Caatinga. Our big data approach allows for
large scale quantification of CES, but inevitably suffers from certain inherent biases of user-contributed content.
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The main threats to the Caatinga dry forest and their implications for conserving
biodiversity
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Similar to other seasonally tropical dry forests around the world, the Brazilian Caatinga is exposed to human disturbances as sociated with rural populations devoted
to subsistence farming (i.e. forest-dependent people) and agribusiness. Here we present an overview covering the main threats imposed to the Caatinga biota and
their impacts on biodiversity persistence and provision of ecological services. Adaptive and mitigatory procedures are also provided. Irrigated fruit production, cattle
raising, slash-and-burn agriculture and wood collection for energy supply respond for most of habitat loss (i.e. 35% of original cover) and converted natural
landscapes into mosaics consisting mostly of vegetation regenerating patches. Remaining vegetation (i.e. regenerating and old-growth forests) are continuously
exposed to chronic disturbances, including collection of firewood, timber and medicinal/ornamental plants. Native vegetation also represents the main forage source
for livestock (particularly cattle and goat). Farming has also resulted into the introduction of exotic invasive plant species for multiple uses such as the Prosopis
juliflora. This tree species has successfully invaded degraded river banks and by forming monospecific stands has precluded the regeneration of native Caatinga
vegetation. Such local human disturbance operates in addition to climate change, which has been considered as a potential threat to Caatinga biota. Average annual
rainfall is expected to drop a quarter while temperature may experience a 4°C-increment in this century, i.e. increasing aridity. All these threats have been
documented to (1) reduce taxonomic, functional and phylogenetic diversity of woody flora; (2) promote biotic homogenization of plant and animal communities; (3)
disrupt key ecological processes such as pollination, seed dispersal and pest control; and (4) reduced vegetation biomass and nutrient stocks at all ecosystem
compartments. Collectively, these disturbance-related responses are proposed to impair livelihood and future economic/social development based on sustainability.
To overcome this challenge we argue for: (1) research devoted to better farm practices to deal with slash-and-burn agriculture, extensive livestock production and
forest extractivism; (2) large-scaled restoration initiatives, particularly in desertified spots; (3) effective control of deforestation and habitat conversion; and (4)
increment in the Caatinga system of protected areas.

Keywords: tropical dry forests; biodiversity; disturbances

ID:1207
Tuesday Uxmal
Symposium: Biogeography, ecology and sustainability in Caatinga: the largest dry forest in South America

Future climate change in the Brazilian Caatinga biome

Roger Torres™, Nancy Laura Rios Gamarra?, David Lapola?
Natural Resources Institute, Federal University of Itajuba; 2Center for Weather Forecast and Climate Studies, National Institute for Space Research; 3Department of Ecology,
Universidade Estadual Paulista

*Correspondence Author. E-mail: roger.torres@unifei.edu.br

Background: This study discusses the general aspects of climate change projections in the Brazil's Northeast region, in which is located the Caatinga biome.
Methods: It is described the main findings reported on the IPCC Fifth Assessment Report (IPCC AR5), and a brief review of the literature addressing climate change
in Northeast Brazil. In addition to a thorough review of the literature, it is assessed simulations and projections of temperature and precipitation changes provided by
24 state-of-the art Earth System Models -ESMs from the CMIP5 dataset that were analyzed in the IPCC ARS. Result. The semi-arid region of Northeast Brazil is
already vulnerable to the current interannual climate variability, and climate change projections indicate that the region will be deeply affected by precipitation deficit
and increased aridity in the next century, with negative consequences for the Caatinga biome. Rainfall variability, land degradation and desertification are some of the
factors that combined could make Northeast Brazil one of the world's most vulnerable regions to climate change, with potential adverse impacts on the rich species
diversity and water resources. For scenarios of future projections, the near surface air temperature should increase by approximately 1.3 °C for the RCP2.6 (low
radiative forcing scenario), and by 4.4°C for the RCP8.5 (high radiative forcing scenario) by the the end of the twenty-first century. For the Caatinga biome, there is a
considerable spread among rainfall change projections of between +1.5 and -1.5 mm day!, relative to 1961-1990, making it hard to identify any tendency in projected
rainfall change. However, the RCP8.5 forcing scenario shows a slight rainfall reduction of about 0.3 mm day-1 by 2100. Conclusion: Among the most affected
regions in Brazil, the Amazon and Northeast regions appear as large hotspots. For some modeling studies, projections of the future climate drive a savannization of
parts of Amazon and desertification of the Caatinga region, with potential adverse impacts on biodiversity, supply and quality of water resources, carbon storage and
the provision of other ecosystem services. Therefore, despite the many uncertainties that remain in projections of climate change, the scientific knowledge available
today is enough for the decision makers to implement mitigation and adaption measures to prevent dangerous climate change in the region.
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Systematic Conservation Planning in the Caatinga Drylands

Carlos Roberto Fonseca®’, Marina Antongiovanni’, Eduardo Martins Venticinque!
Departamento de Ecologia, Universidade Federal do Rio Grande do Norte

*Correspondence Author. E-mail: fonseca.crsd@gmail.com

Background: Systematic conservation planning is a key tool for conservation prioritization in megadiversity countries. Here, we describe a recent participatory effort
to update the Priority Areas for conservation, sustainable use and shared benefits of the Caatinga biodiversity. Methods: A series of participatory workshops were
executed with the aim of defining (i) the adopted method, (i) the conservation targets and goals, (iii) the cost surface, and (iv) the determination of the priority area
limits and proposed actions. Results: The systematic conservation planning process culminated in the determination of 282 Priority Areas as defined by the Brazilian
Ministry of Environment Law 223 of 21 June 2016. Such network comprehends important areas for 691 conservation targets, including 350 red-listed plant species,
65 threatened birds, 31 mammals, 30 reptiles, 22 amphibians, and 126 fishes, besides additional special habitats (e.g., caves) and endangered ecosystems. A
landscape connectivity analysis indicated the potential of each area for restoration programs. The analysis clearly identified 53 Priority Areas that are the best cost-
effective proactive conservation opportunities in existence today. Discussion: It is highlighted that an effective financial mechanism should be created if one wants to
transform conservation planning in actions. Conclusion: Brazil has nowadays an updated systematic conservation plan for the Caatinga biome and a historically
unique window of opportunity to protect its biodiversity for the centuries to come.
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Sustainable Development in the Caatinga, Brazil

José Maria Cardoso Da Silva'*
1Geography, University of Miami;

*Correspondence Author. E-mail: jesilva@miami.edu

Background: The Caatinga is South America's largest tropical dry forest region. It harbors a rich and diversified biota, whose proportion of endemic species among
different groups of organisms ranges from 7% to 57%. Intense land use in the last centuries has already caused serious environmental damages and accelerated
desertification. Loss of ecosystems associated with chronic poverty can reduce the resilience of local societies, making them more vulnerable to climate change.
Methods: We present an overview of the challenges to promote sustainable development within the region by analyzing changes in indicators of land cover,
population, and human development from 1990 to 2010. Results: The human population in the Caatinga went from 5 to 8 million people from 1990 to 2010, with
most of the growth restricted to urban centers. The extension of natural ecosystems has been reduced to 748.000 km2 in 2010, but this area is possible smaller as
there are technical problems to identify correctly what is a natural ecosystem in a dry region that have been so severely affected by human interventions. The
average Human Development Index across the 1,213 municipalities that compose the region went from 0.502 (1990) to 0.592 (2010), demonstrating a very low
progress compared to other Brazilian regions. Discussion: Although Brazil has designed and approved several national policies that promote sustainable
development in the last two decades, most of these policies failed to produce significant changes at the local level in the Caatinga. Municipalities in the region are
generally poor and have not the capacity to advance progressive programs such as local Agenda 21. A sustainable development strategy for the Caatinga should be
designed to (1) improve human well-being indicators, (2) avoid further habitat loss and desertification, (3) maintain key ecological services, and (4) promote the
sustainable use of the region's natural resources. Implementing an effective sustainable development agenda for the Caatinga means improve local governance as
well as mobilize broad support from both public and private sectors.

Keywords: dry forests, conservation, development, resilience
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Strategic Socioecological board-games and ABMs:

livelihoods of other people / other species.
Luis Garcia-Barrios!", Marco Braasch', Paula Baquero Vargas?, Juana Cruz-Morales', Pablo De La Cruz2, Raul Garcia-Barrios®, Amayrani Meza-
Jimenez', |vette Perfecto?, Erika Speelman?®, John Vandermeer#
TECOSUR; 2SINCHI; 3CRIM-UNAM; “University of Michigan; $Wageningen University
*Correspondence Author. E-mail: luis.garciabarrios@gmail.com

There are many traditional and new methods and approaches for engaging rural actors in reflections about their roles in shaping social life and ecosystem functions.
Cooperative game theory, spatially explicit lab and field common-pool-resource experiments, role-playing games, interactive agent based models, companion
modeling and policy simulation exercises are increasingly being used for this purpose. Each has strengths and limitations. Some are highly controlled, generic,
stylized and abstract while others are open-ended, context dependent and realistic. Most have been developed to expose and understand the core social dilemmas
and human behaviors involved in the collective/contested appropriation, use and management of specific resources or whole territories. Some strategic board games
and agent based simulations also involve explicitly other kind of actors: networks of plants and animals- selforganized into natural and agricultural ecosystems-
whose complex interactions are critical for their own survival and for human well-being. In the past few years we have engaged in designing and deploying strategic
board games and agent based simulations that address complex socioecological interactions at many different scales. In this talk we will give a general overview of
the different types of rural socioecological games and ABMs found in the literature; we will offer a brief showcase of the tools we have developed; we will exemplify in
more detail with two of our strategic board-games: Sierra Springs and Azteca Chess. In both cases we will also present the methods we have used in dozens of
workshops to evaluate players’engagement, learning and behaviors. Sierra Springs helps farmers to become aware -in a safe and engaging form- of how they might
be building social preferences when confronted with current environmental and social threats and opportunities they face. It also helps those academics that
influence land use policy making and/or promote and operate monetary cash transfer programs to better understand the actors and issues involved, and how their
own reactions to the game differ from those of farmers. Azteca Chess is a strategic, two player board-game that captures in a stylized way the fascinating natural
history and the dynamics of a complex network of direct, indirect and cascading trait-mediated interactions among five species of arthropods dwelling in shade coffee
bushes. Autonomous pest control emerges as one possible outcome of the game.

Keywords: Strategic socioecological board-games and ABMs
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'Centro de Investigacion en Biodiversidad y Conservacion, Universidad Autdnoma del Estado de Morelos; 2School of Forest Resources and Conservation, Center for Latin American
Studies, University of Florida
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Background: The need to engage diverse social actors, work across disciplines and integrate various sources of evidence poses significant epistemological and
methodological challenges to conservationists embedded in new ruralities. Methods: We engaged a variety of social actors and integrated diverse sources of
evidence to disentangle the drivers and multi-scale processes underlying the linkages between tourism architecture and community forest management in Quintana
Roo, Mexico. Rooted in ethnobotany, we explored forest-based materials used for thatched huts in resort architecture, asking: 1) How forest product management
and use has evolved over time? 2) How species vulnerability varies across management contexts? and 3) What can other tropical regions can teach us about these
forest-tourism linkages?. Results: In Quintana Roo tourism architecture sustains forest and agricultural livelihoods. In the last 30 years, changes in market ae sthetic
preferences and regulations drove innovation and influenced landscape management. Product harvest has been influenced by new developments, post-hurricane
reconstruction and hut maintenance. Regional species preference pervade; at the local level, species vulnerability was associated with variations in local forest
governance arrangements and local population structure. Across the tropics, thatched huts in tourism settings have diverged from traditional dwellings. Changes in
supply, new architectural and institutional contexts, coupled with divergent approaches to material authenticity, often resulted in species substitution, the use of
chemical treatments, and the emergence of synthetic look-alike materials. Discussion: The regional resource base, local ecological knowledge, and vernacular
architecture formed the foundation that interacted with market preferences and trends and evolving regulations in new built environments. Thus, linkages between
tourism architecture and community forest management are in constant evolution and full of complexities. Such intricacies cannot be included in forest management
plans, but affect how resources are managed. While not ignoring larger-scale influences, close scrutiny of local and regional processes were key to identifying factors
of change and species vulnerability.
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Forests and Fires: A Tabletop Game for Teaching and Research on Natural
Resource Management

Stephen Perz", Galia Selaya?, Gregory Kiker?, Rafael Munoz Carpena’
'Dr. Sociology and Criminology & Law; 2Coupled Natural and Human Systems Project, University of Florida; *Agricultural and Biological Engineering, University of Florida
*Correspondence Author. E-mail: sperz@ufl.edu

Background: Natural resource management involves not a little uncertainty as to the outcomes of human decisions, whether for the biophysical environment or the
livelihood consequences. Games with random generation of probability-based outcomes of decisions serve not only as a useful learning platform for players to
experience the consequences of decisions under conditions of uncertainty, but also as a research tool to gather data and make comparisons about player behavior
under different conditions. Methods: We present the game mechanics of "Forests and Fires” a tabletop game where players make decisions about resource
management in the Amazon, a region threatened by land use change and degradation due to coupled anthropogenic and climate change impacts. Using simplified
rules for resource management options and established probabilities for outcomes, players make decisions about resource use and then roll dice to resolve
uncertainties. Resource use involves a combination of harvesting non-timber forest products and timber, and clearing forest for crops and cattle. The game
mechanics are based on previous games but incorporate an iterative procedure that seeks to capture sequences of decisions across growing seasons with regard to
their ramifications for resource degradation, fire risk, and the consequences for livelihoods. Findings: Resource management decisions early on in the game yield
non-linear trajectories of decision options later with regard to resource and livelihood outcomes. Further, randomly determined events, notably fire risk, can greatly
alter the trajectories of resource degradation and livelihood prospects later. Discussion: This game platform permits modifications of probabilities for certain
outcomes resolved by random rolls, such as increased fire risk under conditions of drought induced by climate change, modifications to product prices due to
economic fluctuations, and other scenarios. Such modifications can be tailored based on scenarios of future change, in order to observe effects on player decision
probabilities as well as distributions of outcomes for resources and livelihoods.

Keywords: Amazon, land-use, forest, degradation, fire
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Ganando ganado: A game to facilitate stakeholder review of tropical
reforestation research
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Background: A land cover change from cattle pasture to tropical forest is occurring in many Latin American landscapes, with major implications for carbon
sequestration, biodiversity conservation, and human livelihoods. Research on the social and ecological causes of these forest transitions could benefit plans for forest
landscape restoration. Methods: We used a participatory approach with local stakeholders to review the assumptions, boundaries, and simplifications that underlie
interdisciplinary research on forest cover change. We developed a conceptual model to explain tropical forest gain in Southwestern Panama. Our conceptual model
explains forest cover increases as a result of insufficient farm labor to clear encroaching trees off cattle pastures. We translated our conceptual model into a board
game that represents the social-ecological dynamics of this land cover change, and asked Panamanian farmers to critically review the game's structure and
assumptions. Results: Overall, farmers agreed with the narrative that labor scarcity has led to an increase in tree cover. Our role-playing game assumed that labor
was a requirement for pasture maintenance, with transient laborers within a competitive labor market. Focus groups responded favorably to these game design
elements and described real examples of each. In contrast to the positive feedback from focus groups on labor dynamics, game design elements related to the
game's grazing system were poorly received. We assumed that secondary forest growth and cattle grazing were mutually-exclusive land uses. However, the farmers
in our study described tree cover returning to actively-grazed pastures. Because agricultural practices have the potential to alter secondary succession, an improved
understanding of grazing dynamics could help explain variation in forest recovery rates. Conclusion: Focus group discussions highlighted gaps in our knowledge of
ecological dynamics, generated new hypotheses for land use change, and enabled us to refine future questions on the consequences of labor scarcity.
Interdisciplinary research to understand tropical forest gain in agricultural landscapes will play a key role in forest lands cape restoration. Role-playing games could
contribute by integrating social and ecological dynamics into a format that can be reviewed by stakeholders. Ultimately, stakeholder review could lead to improved
strategies to promote reforestation in human landscapes.
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Background: Gold mining is one the main causes of environmental damage in the Peruvian Amazon. In Madre de Dios (MDD), this activity forms part of livelihood of
thousands people that exploit gold illegally. In an attempt to formalize gold mining, the national government created the "Formalization National Plan" to regulate
artisanal and small scale gold mining (ASGM) to interdict illegal mining. Despite these actions, mining activities in MDD are in the gray area between "illegality" or "in
process of formalization". One of the factors hindering formalization is the lack of participation of miners in decision and planning. So far, formalization plan has not
reduced illegal mining or environmental damages. To make ASGM sustainable, new planning processes need to be developed. An informed policy representing
multiple perspectives and concerns of all stakeholders may have more chances to be successful. Methods: This research aims to explore how participatory modeling
(participation of local stakeholders) in developing best practices to prevent and mitigate environmental impact of mining, could impel the implementation of more
effective planning to control negative effects of gold mining in MDD. Using participatory modeling, we aim to identify which factors have impelled or hindered
formalization. We also seek this method will be useful to create more appropriate participatory institutional structures for law enforcement, planning and decision-
making. Results: The results of this participatory method will be the construction of normative criteria aimed to increase the effectiveness of policy implementation
and to reduce unintended environmental harms as a consequence of illegality. The normative criteria will address scenarios where people could be integrated into
the planning process in order to generate legitimacy, and real commitment in the long-term with designed policy. Discussion: Participation of local actors is an
opportunity to gain unique insights and levels of acceptance of formalization process that would not be achievable only by external experts and policy makers.
Engaging stakeholders allows gaining a broader understanding for better collaborative problem-solving. Participatory modeling can provide more alternatives or
spaces for dialogue, which permit to increase stakeholders' satisfaction in decision-making outcomes, and their support for policy implementation.

Keywords: participatory planning, mining, environmental harms
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Gaming for Landscape Planning: A Participatory Tool to Build up a Shared
Conservation Agenda
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Background: People's livelihood in Amazonia depends greatly on multiple uses of forest and services, but weak legal security, illegal logging, and deforestation are
putting this important resource at risk. Conservation and Development Projects (CDP) advocate to improve local participation in landscape planning and to reward
good practices to address resource regeneration, people's well-being and biodiversity conservation. This is an opportunity for forest dwellers and small farmers, but
ruling land use under multiple stakeholder expectations are among of the biggest challenges in environmental policy and implementation. Methods: We developed a
board game to present varying landscape scenarios to local people. We simulated scenarios in which families should decide how to use individual and common lands
under business as usual scenario, players are free to set their own management rules and also have to play with a set of simulated rules regarding deforestation,
logging, and land use change. The rules can be taken from local legislation and can be adapted according to the country situation. Players may select livestock
production, agroforestry, and timber and non-timber extraction, or other activities, ranging from high to low profitability. In the game, the probability to spread fire and
to be caught in illegal actions is defined by the role of a dice. Results: A pilot experiment with local technicians and forestry students showed risky individual choices
may hamper the governance, economic and climate mitigation goals of CDP and national norms. Players faced tradeoffs between maximizing economic returns and
clearing forest beyond normative or potential conflicts with neighbors because of fire spread. In particular, some individuals take the risk to enhance profitability
clearing forest for cattle, at the probability of spreading fire to special sites and lands of players more inclined to sustainable practices. Discussion/Conclusion:
Gaming for landscape management led to a productive discussion on the impact of individual choices on common goods and environmental services and the
importance of participatory land use planning, and forest stewardship. A shared understanding of problems, trade-offs, and uncertainty of risky behavior opened the
opportunity to discuss a common agenda of land use planning and conservation and recommendations for policy and norm implem entation.
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Current-generation climate change projections over different tropical
ecosystems

Benjamin Lintner"
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Background: Some of the most significant uncertainties in current-generation climate and earth system models pertain to the simulation, under both present and
future conditions, of tropical terrestrial climates and the two-way multiscale interactions between climate and ecosystems. This talk is intended to provide an overview
of state-of-the-art climate and earth system modeling efforts to understand tropical climate-ecosystem interactions in a changing climate, focusing in particular output
from the ensemble of Coupled Model Intercomparison Project Phase 5 (CMIP5) model simulations performed in support of the 5th Assessment Report of the
Intergovernmental Panel on Climate Change. Methods: A brief survey of the features of CMIP5 models, such as their spatial resolution and representation of
various atmospheric and land surface processes, their projection of future climate change over tropical land regions, and associated biases and uncertainties will be
presented. Approaches for multimodel evaluation and model-observation comparison, such as climatological means and variances, root mean square error, and
empirical orthogonal function analysis, will be applied. Results: The diagnosis of climate model simulations conditioned on ecosystem type will then be discussed,
e.g., considering changes in annual-mean rainfall, seasonality, variability, and extremes over regions currently covered by tropical wet, tropical dry forests, savanna,
or grassland. Both robust climate change signatures over these ecosystems across the ensemble of CMIP5 models as well as uncertainties will be highlighted.
Efforts to attribute uncertainties to specific coupled climate-ecosystem processes will be described. Conclusion: These results emphasize the critical need for
comprehensive and multivariate observations of ecophysiological processes across a range of ecosystem types for validation and refinement of climate or earth
system models as well as practical challenges such as differences in scale between available measurements and models.
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Modeling and measuring phosphorus at the root-soil interface for improved
tropical forest models
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Background: The need for Earth system models (ESMs) to represent the carbon exchange of tropical forests under current and future conditions, coupled with the
recognition that tropical forest productivity often is limited by phosphorus (P), has spurred the development of P-enabled ESMs. The P model that has been
incorporated into the ACME Land Model (ALM-P) has been successful in improving estimates of NPP at tropical forest sites that are presumed to be P limited, but
pan-topical projections are constrained by the paucity of data on soil P availability and its control. Methods: Guided by critical uncertainties in ALM-P, field
measurements are being conducted in a subtropical wet forest in Puerto Rico. One important model uncertainty is organic P mineralization, which is affected by root
and microbial activity such as the production of phosphatase enzyme. We measured phosphatase activity on first and second order roots of dominant tree species at
three sites differing in P availability. To inform a new generation of trait-enabled models, we also investigated potential covariation between phosphatase and fine-
root chemical and morphological traits and aboveground traits. Results: Resin P values in soil varied three-fold across the sites, corresponding to differences in
parent material and slope position. Species inhabiting the site with the least soil P availability exhibited the greatest root phosphatase activity. On ridge and valley
sites with common parent material, Dacryodes excela trees exhibited the greatest phosphatase activity and the greatest root [P]; Prestoea montana trees had the
least. Second-order roots of D. excelsa had the smallest root diameter and the largest distribution of fine roots in the surface soil layers. In contrast, P. montana had
the largest root diameter and a consistent distribution of biomass throughout the 30 cm soil profile. Correlations with foliar P were weak, but wood density may be
promising. Discussion: As we assemble more data from other tropical species and sites, our challenge will be to synthesize and simplify the observed variation in a
manner that permits informative representation of P availability at the scale of an ESM grid cell. Discovering correlations between root traits associated with P
availability and more easily observed aboveground traits can support development of a new generation of trait-enabled models. These initial observations from
Puerto Rico provide an approach toward these goals.
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Tropical dry forest productivity and a changing hydrological regime: using
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Background: Climate models forecast that neo-tropical dry forests will receive much less rainfall in the 21st century than in the 20th century. Terrestrial ecosystem
models are one of our most important tools for assessing the implications of such rainfall changes for forest productivity. However, inferences drawn from models
may hinge on model representation of plant functional diversity. Here, we evaluate whether trait diversity (input to models) can reasonably reproduce the observed
range of plant responses to water stress in tropical dry forests. Methods: The Ecosystem Demography model 2 was updated with a new representation of tropical
dry forest trait diversity. Correlations between traits were parameterized on the basis of meta-analysis. Our new representation of traits and trait correlations allowed
us to also more mechanistically model plant hydraulics, phenology, and water stress. We carried out simulations with varying representations of trait diversity and
hydraulic mechanism to understand how these factors affected our model simulations. Simulations were evaluated against five years of field data from a selection of
Costa Rican tropical dry sites and from remote sensing data for Mexico and Central America. Results: Model performance was contingent on assumptions about trait
diversity. When parameterized with observed traits, the model generated realistic diurnal simulations of leaf water potential and stem sap flow. On longer time scales,
including trait diversity and hydraulic mechanism in our simulations allowed us to better predict seasonal leaf area index dy namics and inter-annual variations in tree
growth. We found that our trait-based model was also able to simulate spatial variability in seasonal leaf area index when forced with spatially-varying climate and soil
drivers. Discussion/Conclusion: Models can provide reasonably accurate simulations of seasonal and interannual vegetation dynamics in neo-tropical dry forests.
However, simulations are greatly improved by including realistic representations of trait diversity and plant hydraulic mechanisms. A major challenge for the future will
improving simulations of drought-related mortality.
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Tropical carbon (C) dynamics are commonly constrained by soil phosphorus (P) and nitrogen (N). Elevated CO2 concentrations will likely exacerbate plant nutrient
limitations due to higher plant productivity. Representing CNP interactions in large-scale earth system land models is therefore fundamentally important for predicting
future tropical forest responses under a changing climate. Here we report new developments in the Accelerated Climate Modeling for Energy (ACME) Land Model
(ALMv1-ECA-CNP) regarding CNP interactions. The development is based on (1) recent theoretical advances in understanding belowground multiple-consumer,
multiple-nutrient competition; (2) a dynamic allocation scheme based on resource availability to balance whole system functioning; and (3) global datasets of plant
physiological traits. First, we benchmarked the new model (considering CNP interactions) in pan-tropical regions (23.5 S to 23.5 N) with ILAMB (The International
Land Model Benchmarking), and showed substantial improvement over the baseline model (considering only CN interactions). We further benchmarked the new
model's transient responses to nutrient perturbations, leveraging N and P fertilization experiments at tropical forest sites. We found that the plant productivity
response ratio ((NPPfert - NPPcontrol)/ NPPcontrol) could be captured only when the whole system nutrient functional balance is taken into account. Compared with
other candidate models (e.g., fixed resource allocation), the results highlight the importance of self-regulation and adjustment of forest ecosystems in response to
long-term resource supply imbalances (e.g., by CO2, N, P) that are likely to occur over the next several decades.
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Background: Recent work suggests that a tropical carbon sink may be supported by symbiotic nitrogen fixation, yet whether and how the field-observed processes
can be scaled up to predict long-term changes in the carbon cycle remains unclear. Three findings - that tropical nitrogen fixers use a facultative fixation strategy
whereby they adjust their fixation rates to meet soil nitrogen deficiencies, that fixation rates are highest during periods of high net carbon accumulation but decreases
as carbon accumulation rates stabilize and that species differ in their fixation function - provide particular challenges to attempts to scale up and model fixation's role
in supporting the tropical carbon cycle. Here | will discuss these challenges, evaluate current approaches to scaling up fixation and provide some insights into
improving the incorporation of fixation into models. Methods: | will draw from a series of field- and laboratory- based experiments and observations that | have made
with collaborators that illuminate the function of symbiotic nitrogen fixers in tropical biogeochemical cycles. In addition, | will review the literature for current
approaches to scaling up fixation. Finally, | will present our current best-practice for incorporating fixation into a forest dynamics model, ED2. Results: The findings
indicate that fixation cannot be scaled from the abundance of nitrogen fixers trees in a tropical forest; fixation is a dynamic property that behaves as a carbon-nitrogen
feedback mechanism, up-regulating when nitrogen demand is high due to rapid carbon accumulation, and down-regulating when nitrogen demand can be met by soil
nutrient supply, depending on the needs of the individual tree. DGVM/climate change models generally do not portray the key process of nitrogen fixation sufficiently
and often times scale fixation to an ecosystem property, such as evapotranspiration or NPP. Conclusion: Capturing fixation in models and efforts to scale up to
ecosystems and biome-scale properties, while a challenge, can be simply and relatively accurately accomplished by allowing fixation to dynamically respond to the
needs of trees/vegetation, based on a series of costs and benefits associated with the trait. Models that incorporate such a dynamic process will find that nitrogen
fixation may help to alleviate nutrient limitation on the tropical carbon sink.
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Background: Simulation models of tree growth and forest dynamics are crucial tools to assess effects of global change on tropical forests. One of the challenges in
developing and using these models is the poor data availability for model calibration and validation. Tropical tree-ring analysis can deliver long-term and annually-
resolved data for this purpose. Tree rings yield information on growth rates (ring width), annual growth variation (tree-ring chronology), water use efficiency and
stomatal openness (13C isotopes), nitrogen cycling (15N isotopes), rainfall (180 isotopes), photorespiration (isotopomers) and drought resistance (vessel size
distribution). Here we present results of several tree-ring derived variables for tropical tree species and give examples how these can be used for model validation.
Methods: (1) We developed and used an individual tree simulation model, IBTREE. We then used a tree-ring chronology for the Thai forest tree Toona ciliata to
calibrate this model and evaluate the role of rainfall, temperature and CO2 concentration in explaining annual variation in tree growth. (2) We measured 13C
signature in wood of 12 tropical tree species in Cameroon, Thailand and Bolivia to evaluate long-term changes in water use efficiency and leaf-internal vs
atmospheric CO2 concentration (ci/ca). (3) We measured 15N signature in wood of 6 species in Cameroon, Thailand and Bolivia to detect long-term changes in N
cycling. Results: (1) Our tree growth model predicted high sensitivity of Toona tree growth to CO2 concentration and maximum temperature. Yet, the observed
variation in Toona tree growth (tree-ring width chronology) was best explained by model simulations that were forced using just maximum temperature and rainfall;
thus without CO2 concentration. (2) We found that intrinsic water use efficiency strongly increased during the past century and ci/ca ratios remained stable. (3) We
found no evidence of strong changes in nitrogen cycling for the three sites. Discussion & conclusion: A number of tree-ring derived variables can be used to
validate model output over long periods of time. Cautious interpretation of tree-ring derived variables is required due to effects of tree-size, sampling strategy and tree
demography. Our results demonstrate the multiple ways in which the archive stored in tree rings can assist in improving simulation models for tropical trees and
tropical forests.
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Interdisciplinary and participatory action research for jaguar conservation in
Mexico
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Research on jaguar has exploded over the last decade in Mexico, providing a much better understanding of the species' cons ervation status. However, conservation
issues cannot be considered in ecological isolation, especially when it comes to the conservation of a species that can kill livestock. While efforts have been made to
address the social cost of the conservation of such species through a compensation scheme implemented to cover the economic losses due to predation, the region
of Calakmul, host to the largest jaguar population in Mexico, continues to witness a biodiversity conflict over jaguar management. To address that conflict, we
developed an interdisciplinary project using a grounded approach to understand better its different components. We used methods from the social sciences such as
focus groups, interviews and workshops to carry out the project, working with ranchers' associations, ranchers, conservation NGO representatives, as well as
conservation officials in the Calakmul region. A first phase of the project aimed at understanding the local environmental management context, the critical social
characteristics of the conflict, the local actors involved and the relationships between them. The results, among others, indicated frustration against the compensation
scheme that was seen as hardly accessible by local actors. From this first assessment, we developed a participatory action research aimed at evaluating the
perception of the compensation scheme in the region. The evaluation of, and satisfaction with, the scheme was strongly related to the trust of ranchers in the fund
and to the transparency of the process. The second phase involved understanding the construction of the feeling of injustice regarding environmental issues,
including jaguar predation, among locals (ranchers and farmers). The unfairness of the situation was widely expressed, and understanding how these feelings
emerge and vary is required to act upon in order to support better management approaches. The feeling of injustice seemed to derive from a lack of recognition of
local knowledge and way of life, and from a lack of inclusion in decision making. Overall and so far, our results have been stressing the importance of social, rather
than biological or economic, aspects of the biodiversity conflict. While the participatory nature of the project provided evidence for collaborative strategies, our
interdisciplinary approach enables new actions in conservation.

Keywords: ground-level perception, fairess, environmental justice
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The decline of large carnivores’ populations is a global concern for conservation. Causes of decline include: (1) habitat los s and fragmentation caused by spreading
of agricultural frontiers; and (2) conflicts with human populations triggered by the use of wild prey by humans and impact on livestock by carnivores. In Mexico, all
three big carnivore species, namely black bear (Ursus americanus), jaguar (Panthera onca) and puma (Puma concolor), have a protected status: jaguar and black
bear are considered endangered and puma is listed under special protection. This has triggered many studies of these species, by far and large from an ecological-
biological perspective, which has informed strategies for their conservation. However, the social aspects of carnivore conservation have been largely overlooked,
despite the need for strategies allowing coexistence between the large carnivores and people with whom they share a common space. Coexistence can only be
achieved by understanding the conflict, and | use a socio-ecological perspective to do so. | will recount the socio-ecological studies | have carried out over the last 10
years on the three species of large carnivores in Mexico, showing successes and failures, but mostly learning. My work had four main lines: 1) perception toward
carnivores and environmental knowledge, 2) coexistence through improvement in productive practices, 3) socio-educational research, and 4) monitoring of population
and biological parameters of large carnivores. The inclusion of the social approach in the studies of the conservation of large carnivores allows to integrate the land-
owners in the long term strategies for conservation. Successful efforts on biodiversity conservation must include landowners, academia and non-governmental
organizations.
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Background: Large carnivore conservation is challenging. It requires large areas of natural habitat, species compete with human hunters for preys and have a
reputation of dangerousness as they might occasionally prey on or attack humans. In addition, for pastoral societies large carnivores represent a threat to their
livelihoods. In such a context, the ability of low status protected area to contribute significantly to the conservation of such species might be questioned. We
investigate the case of Mlele Beekeeping Zone (MBKZ), a co-managed protected area in Western Tanzania. Methods: Combining methods from applied ecology
(transects counts, systematic grid camera trapping) and social sciences (semi directed interviews, focus group, participatory observation), we attempted to: confirm
the presence of species and if possible produce population estimates; assess species distribution and correlate it with human infrastructures; identify natural and
anthropic factors affecting species abundance and; identify and characterize the attitudes towards carnivores of a selection of local stakeholders. Results: MBKZ
host a diverse community of carnivores (18 species). All four large carnivore species are present and resident. They have been detected yearly since 2008.
Population estimate remain partial, lion and wild dog populations are low, with probably less than 20 individuals respectively. Leopard population fares better with an
estimate 40 individuals. Hyena population is probably over 300 individuals. Hyenas and leopards have a widespread distribution, while lion and wild dogs are located
in remote parts of the MBKZ. Discussion: Several ecological factors can explain observed abundances: habitat type, prey preferences, prey availability, interspecific
competition. But the low levels of population of lions and wild dogs is better explained with anthropic factors such as over-hunting of male lions during past years,
prey availability decrease consecutive to illegal hunting, and poisoning of cattle carcasses. Attitudes towards carnivores seems directly influenced by the ability to
make a living with forest based activities. In this sense community users such as beekeepers, employees such as village game scouts, or government staff involved
in management all perceive positively the presence of large carnivores. In contrast, cattle keepers perceive large carnivores as a threat to their livestock and hence
have a negative attitude towards them.
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Background: Protracted conflicts are making it difficult to meet conservation goals necessary to protect biodiversity. Achieving conservation objectives requires new
approaches that promote change and address complex social issues causing conflict. Conflict transformation from the peacebuilding field is an underutilized process
that addresses conflict complexity from a constructive perspective. Building capacity of field teams to analyze and address biodiversity conflicts through a "lens" of
conflict transformation, can provide opportunities to challenge existing assumptions about social conflict, identify new problem-solving approaches, and develop
interventions that build sustainable relationships and conservation outcomes. Methods: | developed a conflict transformation training program with train-the-trainer
for the Grevy's Zebra Trust (GZT) to build field capacity in addressing conflicts impacting conservation goals in Kenya. Peacebuilding and experiential learning
methodologies were developed to cultivate understanding and collaboration towards achievement of conservation objectives. The rationale for the training content
and process, design, learning methodologies, delivery, and evaluation is grounded in learning and development and peacebuilding theory and practice. | evaluate the
GZT conflict transformation training model from two contexts, learning and development and conservation impact, and also applicability to other conservation
organizations. Results: Building field capacity with a conflict transformation approach, which includes critical thinking and practical peacebuilding strategies and
skills, can provide a productive path to address biodiversity conflicts. Results from my evaluation of the GZT training suggest that conflict transformation training
framed within a conservation context to meet specific objectives and includes custom experiential learning has positive impact on conservation goals. Conclusion:
Investing in conflict transformation training strengthens conservation capacity to analyze and address conflict situations. Applying a proactive conflict transformation
approach to conservation conflicts can offer new opportunities to build relationships between parties in conflict and facilitate the development of innovative and
collaborative strategies to address social conflicts at the root of biodiversity conflicts. Conflict transformation training is applicable across multiple conservation
disciplines, from management to field level.
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Global Carnivore Conservation: Now Hiring, More Actors Needed!
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Mammalian carnivores are increasingly the subject of applied ecological studies. In addition, they are frequently used as the face of broader, regional wildlife and
ecosystem conservation efforts. As charismatic fauna that are immediately recognizable by the world public, the effectiveness with which carnivores can attract
attention and limited resources to conservation issues is rivaled by few other taxonomic groups. Yet despite the increase in visibility, research and media attention,
and conservation focus, many of the world's threatened carnivore populations continue to decline. This may in part be due to an increasing reliance on science driven
by the needs of graduate students and other academic timelines, which constrain the types of studies and the complexity of applied scientific questions that can be
posed. A lack of diverse, robust funding sources to pursue inductive and hypothetico-deductive inquiry frameworks further restrict the scope and scale of
conservation and ecological research, and often precludes insights only gained through long-term or large-scale analytical frameworks. Of likely greater relevance to
carnivore population declines however might be the limited implementation or dearth of integrative, holistic conservation programs. Our model for executing this type
of approach relies on a bedrock scientific framework, but adopts broad interdisciplinary inclusiveness that also spans: conservation evidence, conservation
psychology, human dimensions and sociology, economics, policy development, law enforcement, education, geographical and land use contexts, and public
relations, among other practically relevant fields of study. This approach necessitates the cooperative participation of numerous actors and institutions, including
scientists, activists, and storytellers; nonprofit organizations; local, regional, and national government departments; commercial businesses corporations; landowner
and community associations; and potentially other stakeholder groups. Here we discuss examples of context-specific approaches that we and our partners have
applied in pursuing the conservation of carnivores. Although projects vary in context, scale, scope, they necessitated the transcending of science without abandoning
it, which | contend is most effectively done when scientists work effectively and efficiently with all actors, and recognize that science itself is a small part of a more
complex conservation equation.
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As tropical biologists, we study ecology but are also interested in achieving biodiversity conservation. However, tropical regions can be arenas for war, human
migration and population pressures, agricultural and resource speculation by small farmers or trans-national corporations and subject to impacts of climate change
and invasive species. Historically, local development needs have threatened habitat and species conservation, but globalization has extended threats from
international agents; for example, increasing market routes for carnivore body parts for traditional medicine. Within this context, we need to reconfigure our strategies
for carnivore conservation, working beyond participation in our projects to seeking genuine partnerships with others. The UN Sustainable Development Goals (SDGs)
offer new imperatives for collaborative approaches. This paper thus addresses the following questions: firstly, how might the SDGs reconfigure our working
relationships with other actors? Secondly, could a shift from participation to partnership approaches benefit conservation outcomes? Thirdly, what attributes might be
exhibited by successful integrated conservation and development projects? We draw on the narrative of the emergence of the SDGs, in particular of Goal 17
(Partnership), and discuss experiences to date at national and international levels. We then analyze case studies of integrated conservation and development
programmes, drawn from success in the St Andrews Prize for the Environment annual awards. We find that the form and extent of partnership can differ greatly, but
successful partnership projects offer long term potential; greater buy in to conservation goals; align with local, national and international objectives; and widen
opportunities for further collaborative work. Projects such as the ‘Lion Guardians' offer new hope for conservation, but also require that we shift from ecologist to
development roles, or work with others in development, and emphasize the need for action research. Such projects have committed leaders, multiple funding
sources, are framed by real world problems and are embedded within local and global networks of power and influence. These examples demonstrate some
mechanisms to work with others to achieve camnivore conservation. The SDGs offer additional opportunities to pursue joint objectives for sustainability.
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Challenges in agro-forest frontiers
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Background: Throughout the tropics forested landscapes are being converted into landscapes dominated by agriculture. Locally, degraded agricultural landscapes
are reverting into productive systems with a substantially larger share of trees (agroforestry systems). Agro-forest frontier landscapes consist of a mosaic of different
land uses, and are highly dynamic, reflecting the continuous changes in the interactions between people and the environment. Understanding the mechanisms that
underlie and drive these social-ecological systems, including the complex and shifting institutional arrangements, is a crucial step towards designing and negotiating,
in close collaboration with the actors, strategies for targeted land use. Such strategies need to reconcile the maintenance of biodiversity with the supply of a wide
portfolio of ecosystem services, and meet the needs of local actors. Methods: The landscape-transforming strategies of the various actors in these agro-forest
frontier areas have direct consequences for ecosystem services that the landscape currently and in the future provides. The FOREFRONT program has three
objectives: 1) to identify and understand the ecological and social drivers that shape agro-forest frontier landscapes and their ecosystem services, 2) to explain
temporal changes in the social-ecological system and their consequences for landscape configurations, 3) to design adaptive strategies to balance and optimize the
supply of ecosystem services in changing landscapes. Results: Using a comparative approach, FOREFRONT evaluates particularly dynamic agro-forest frontier
areas in Mexico and Brazil, representing a diversity of important drivers shaping land use change and land use conflicts. The landscape approach entails an
integrated vision of land use planning, policies and management decisions to maintain the resilience, productivity and sustainability of landscapes for the ben efit of
the people who depend on them. Such an integrated vision is crucially important to take into account the increasing complexity of land issues and the multiple and
often competing claims on land use. Discussion: The challenges in the FOREFRONT agro-forest frontier areas will be addressed and compared to similar ones in
other areas across the globe, using available experiences described in the literature and being evaluated in running programs elsewhere.

Keywords: Agro-forest frontier, conservation, reconciliation
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The fate of forests in agro-forest frontier landscapes, implications for
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Background: Most of the world's remaining tropical forest is located inside human-modified landscapes. These forests could matter a lot for biodiversity
conservation, but their actual contribution depends on their location, successional status and how they are managed. Methods: We study the humid tropical region of
Marques the Comillas in Chiapas, Mexico. Colonization took place in '70-'80, by 38 agricultural settler communities and the region exhibits a high diversity of
landscape configurations. We used a unique combination of long-term forest monitoring plots (in secondary and primary forest) and Landsat-based, multi-temporal
remote sensing techniques. This allowed us to get a better understanding of changes in forest cover, their successional status and their contribution to biodiversity
and ecosystem functions since colonization. Results: We found that currently most (55%) of the forest that remains is high-diversity mature forest, 30% is secondary
forest and 15% is plantation forest. Mature forest has seen dramatic declines in the first 2 decades after colonization. Declines have slowed down and caused that
mature forest patches have become increasingly fragmented and degraded. Median secondary forest ages increased in early colonization history, showing an
optimum of 15 years in the early '90s and then gradually becoming younger, which may indicate land scarcity. Secondary forests today are ephemeral and rarely
persist longer than 8 years, which allows restoring most of their aboveground carbon, but restricts their role for restoring soil fertility and for biodiversity conservation.
The last decade has seen an increase of monoculture plantations; mainly for rubber and palmoil. These contribute little to biodiversity conservation and are mostly
located on abandoned pastures, although examples where they replaced forested lands were also found. Discussion: We found a large variation in forest dynamics
trajectories, despite the fact that initial colonization occurred in a short time-frame. This variation allows further studying the socio-cultural conditions under which
forests persist in agro-forest frontiers and informing policy measures. We conclude that deforestation is still more prominent than reforestation in the study region,
and that reforestation is mainly in the form of biodiversity-poor short-lived secondary forests and monoculture plantations. This warrants continued degradation and
the need for improved conservation measures.
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Background: The Marqués de Comillas region (Chiapas, Mexico) and the Loma Bonita community are embedded in the Selva Lacandona which has been
designated as a priority area for conservation because of the important ecosystem services it provides to the region. In the past decades the region has faced an
increase in human settlements caused by external factors, such as governmental programs/policies that have incentivized roads' construction, colonization and land
conversion to pastures/agriculture since the 1970s. Formal studies analysing the complex relationships between localized social and ecological variables involved in
the provision and degradation of ecosystem services and more particularly in the process of land change, are lacking. This case study concentrates on the landscape
transformation history told by the people that physically change the landscape. Using an assemblage theory, this research explores the complex dynamic relations
(affects) that have enabled the emergence of a mixed social-ecological landscape (forests, pastures and agricultural lands) during the last 45 years in Loma Bonita.
Methods: Methods include qualitative data derived from an in-depth ethnographic approach that involves participant observation, in-depth/life-histories interviews,
and document review. Results: The results show that the affects that have enabled the mixed social-ecological matrix landscape in Loma Bonita include elements
from individual life histories (place of origin/land-use practices), culture (values/beliefs/religion), needs and desires, views on ecosystem services, economic
needs/incentives, tenure rights, perceptions and values towards the land and to a lesser extent factors such as governmental programs/policies. Conclusion: These
results add a deeper layer to the analysis of what are the main drivers of high rates of deforestation in the region and in Loma Bonita in particular. The understanding
that landscape transformation is a dynamic and complex multi-factor process can provide inputs to design more desirable landscapes trajectories that are compatible
with sustainable land-uses and livelihoods.
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Mountainous, humid and subhumid tropical highlands in Mesoamerica conform vast territories inhabited for many centuries by indigenous people, or colonized during
the last sixty years by a more culturally mixed population of small land-holders. They include -in Mexico- the Sierra Madre Oriental, Sierra Madre del Sur, Sierra
Madre de Chiapas, Altos de Chiapas and- in Central America - mainly the Pacific Mountains of Guatemala and Honduras and the archipelago of Volcanoes in El
Salvador. Detailed and comprehensive reforestation-deforestation remote sensing studies for the first decade of the XXI century (e.g. Redo et al 2012; Hansen et al.
2013) as well as more localized case studies reveal a dynamic and complicated pattern in which both processes are at work, re ndering an intricate mosaic of multi-
sized spaces with net deforestation, net reforestation, or apparent stationary conditions. In this talk we do not describe or try to tease out the specific conformation of
these patterns. Rather, based on thirty years of observation in the Highlands of Chiapas, ten years of multidisciplinary research in the Sierra Madre de Chiapas and
on Mesoamerica literature review, we reflect on the diverse and dynamic livelihood strategies of people living in these territories - at the forest frontiers where
deforestation/reforestation processes occur- and on how they might be related- as cause and consequence- to these intricate and changing refor/defor patterns. We
identify general multi-scale drivers and actors of livelihood conformation and change in these territories from the 1960A’s to our days, and focus on those at work
since the fall of the Berlin wall (1989) to the rise of the Trump wall (2017). We describe (a) the very dynamic capacity of this generally poor population to change their
livelihood strategies in response/resistance to the labor, land, water and produce market opportunities (and conflicts) created by promotors of neoliberal globalization
in the region, (b) the general refor/defor effects to be expected from the main livelihood strategies deployed by different h ouseholds within the same region observed,
and (c) the ecological and social benefits, costs and dangers derived from these strategies for the local population and other actors.

Keywords: Reforestation Deforestation Mesoamerica Livelihoods Neoliberalism
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Background: Tradeoffs between bundles of ecosystem services are at the very core of the transformation of agricultural landscapes to agriculture. The current
mosaics with a gradient of management intensities interspersed by secondary forests lead to tradeoffs among bundles of ecosystem services supplied, among
bundles of benefits to stakeholders derived from these services, and among bundles of values held by stakeholders on the services. In this talk we present a
summary of the conceptual developments relative to these tradeoffs between bundles of services, benefits and values and showcase some of the most relevant
corresponding results. Methods: We will draw from the most recent international literature with emphasis on the products derived directly or indirectly from the
Partners, Forefront and associated networks to highlight the most relevant conceptual developments and the corresponding results. Results: Tradeoffs in the supply
of bundles ecosystem services arise from different land uses associated to gradient of management intensities and along secondary forest succession. Two
contrasting bundles of supporting, regulating, provisioning and cultural ecosystem services are supplied: those linked to conserved forests and older successional
stages, and those linked to agricultural activities. Tradeoffs among bundles of benefits to stakeholders derived from the services arise from the scale at which the
benefits flow from agro-forest frontiers to stakeholders. The most contrasting tradeoffs among bundles are those arising from private costs/benefits and public
costs/benefits. Tradeoffs among values held by stakeholders on these services arise from generational shifts in context, e.g. education, markets,
agricultural/conservation policies. Those with less education and with support from agricultural development policies in the 70's tend to emphasize the intrinsic,
instrumental and relational values associated to agricultural activities while those with more education and more diverse livelihoods increasingly emphasize
instrumental values associated to conserved forests. Conclusions: Important tradeoffs among bundles of services are found within agro-forest frontiers, and include
those associated with their supply, their benefits to stakeholders, and the values attached to them. All these dimensions are relevant when considering the drivers
underpinning the transformation of the agro-forest frontiers as well as future opportunities towards sustainability.
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Background: Tropical plantations occupy an increasing proportion of the world's agricultural land (Oil Palm 14 M ha, Rubber 10 M ha, Pulp &; Paper 45 M ha) and
have been responsible for substantial deforestation and biodiversity loss. Impacts on ecosystem services are also often considerable, particularly with respect to
increased carbon emissions, reduce dry season water flows, wet season flooding, increased soil erosion and reduced soil fertility. However, these impacts stem
largely from the management of these crops in monocultures and may be alleviated through agroforestry approaches. Rubber has been cultivated in SE Asia for over
100 years but, driven by demand for natural latex from economic growth in China (70% of demand is for tyres), there has been a massive expansion of monoculture
rubber throughout northern mainland SE Asia. In traditional rubber growing areas, smallholder farmers quickly adopted rubber but cultivated it in enriched fallows,
aka jungle rubber. These traditional systems have been shown to support similar levels of biodiversity and ecosystem services to advanced natural regeneration, but
have low productivity as a consequence of growing rubber from seeds and at low densities. However, experiments have shown that high yielding rubber clones can
be grown in agroforests without loss of yield, as compared to monocultures. Methods: | reviewed the literature on rubber intercropping, including both journal articles
and grey literature, and conducted field visits. In addition, we modelled the economic returns from a series of rubber agroforestry systems. Results: Rubber can be
intercropped with a wide range of other plants, provided competition for light is managed. Modelled economic returns suggest the highest returns can be made from
intercropping with high value timber and shade crops (e.g. Cardamom) but fruit trees are also economic provided labour opportunity costs are low. Discussion:
Rubber agroforests can be used to diversify smallholder incomes, providing insurance against rubber price fluctuations, and improve outcomes for biodiversity and
ecosystem services. We are currently implementing a series of field trials that will examine the economic and ecosystem services benefits of rubber agroforestry. Oil
Palm and short rotation timber species can also be grown in mixtures or agroforests. More emphasis on such approaches would generate better outcomes from
conservation.
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ID:1225
Wednesday Yucatan-1
Symposium: Conservation challenges in the agro-forest frontier; past, present and future

ATBC 2017 99

IO VuCAD  Memcn



ATBC 2017

Association for Tropical Biology and Conservation

The socio-ecology of tired lands: a basis for managing resilience in Amazonia

Catarina Jakovac', Marielos Pena-Claros!, Thom Kuyper?, Frans Bongers'
"Forest Ecology and Forest Management, Wageningen University and Research; 2Soil Quality, Wageningen University and Research

*Correspondence Author. E-mail: catacj@gmail.com

Background: Designing sustainable land-use systems requires identifying the boundaries of resources' exploitation that govern the resilience of socio-ecological
systems. Resilience can be measured as the magnitude of disturbance that a system can experience before moving into a different state or condition.
Operationalizing resilience and translating it into management recommendations requires identifying thresholds of pressure as sociated with switches in the system.
Local communities commonly identify and classify different conditions of the managed system based on factors such as resource availability, management demand,
productivity, past legacies and future costs. In the Brazilian Amazon, local people call it a tired land (terra cansada in Portuguese) fields that have become
unproductive, in general terms. In this study we investigate the mechanisms underlying the formation of tired lands, aiming to understand what drives the resilience of
shifting cultivation systems in Central Amazonia. Methods: We combine traditional ecological knowledge and multivariate biophysical surveys to try and identify
thresholds and feedback loops that can help drawing practical recommendations for avoiding degradation and ensuring resilience. Results: Our results show that
farmers identify tired lands as fields with low crop yield, high weed infestation, slow fallow recovery, with specific weed and fallow species and which have had
intensive land use in the past. The proximate causes of the formation of tired lands are beyond soil exhaustion and include feedbacks between management
practices and natural regeneration that favors lianas and weedy species with persistent root systems. Such positive feedbacks may delay fallow regrowth and
threaten the system resilience. We identified that 4 shifting cultivation cycles is a threshold above which a land becomes tired. Discussion/conclusion: Respecting
such thresholds and breaking the feedback loops are needed to avoid the formation of tired lands. Although farmers recognize such thresholds, the combination of
high crop demand, narrow market opportunities and land scarcity by accessibility are the ultimate causes of the expansion of tired lands in the riverine context. Based
on biophysical data and farmers experiences we provide recommendations for avoiding and restoring tired lands and guaranteeing the resilience of shifting cultivation
systems in Amazonia.
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The role of participatory monitoring in forest restoration

Manuel Guariguata®, Kristen Evans’
Center for International Forestry Research Forest Management and Restoration

Global forest restoration initiatives present an unparalleled opportunity to reverse the trend of land degradation and participatory monitoring could play a crucial role
in providing accountability, generating local buy-in and catalyzing learning in monitoring systems. Our review confirms that local people can reliably collect accurate
data on forest change, drivers and threats that local monitoring can cost up to one-third of professional monitoring. However, there must be sufficient local incentives
and support, including orienting the restoration activities to meet local goals and priorities. Successful participatory monitoring systems can quickly generate
information that is adequate to answer the questions and needs of local stakeholders — not necessarily scientifically rigorous data. A scalable, multisite forest
restoration monitoring initiative should have a small number of indicators shared by all sites, with the flexibility to deter mine other indicators to respond to local needs.
It should emphasize the creation of learning networks to facilitate the connection of stakeholders at multiple levels with the information they need for decision making
and social learning.

*Correspondence Author. E-mail: m.guariguata@cgiar.org
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Balancing biodiversity losses with profitability in the Atlantic Forest of Brazil

Cristina Banks-Leite!
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Background: Previous studies have suggested that many of the effects of fragmentation are due to the type of matrix in which patches are embedded, with matrix
habitats that are more dissimilar to the natural habitats having a stronger impact on species loss. In many areas of the Atlantic Forest, plantations of Eucalyptus are
replacing low intensive cattle pastures. In principle, this trend may be beneficial for biodiversity, as Eucalyptus plantations also are forest systems, and may be more
profitable than cattle ranching, thus benefiting local people. Here, | test how the bird community inside and outside forest patches is affected by matrix type and
assess the economic profitability of Eucalyptus and pastures. Methods: Data were collected in the Atlantic Forest of Brazil, in the State of S&o Paulo, between 2016
and 2017 (still ongoing). Birds were sampled with point counts in 50 sites during this period, and in each site birds were sampled in fragment interior, fragment edge,
in the matrix, and in pasture, Eucalyptus and forest controls. Economic output data was obtained from public available sources and databases of land price. Results:
Results show that, in average, there are twice as many bird species in pastures than in Eucalyptus. Forest patches embedded in pastures are too more speciose
than patches surrounded by Eucalyptus, however this difference was only observed in patch interior, as patch edges adjacent to pasture had similar numbers of
species to those near Eucalyptus. The bird community found in patches embedded by Eucalyptus was more similar to pristine forest than the community within
pasture-surrounded patches. Altogether, the observed changes to the bird community suggest that birds are not performing all of their functional roles in human-
modified landscapes, and that these changes particularly affect pest control. Results for this region show that Eucalyptus plantation is many-fold more profitable than
cattle ranching. Discussion: Although data collection is still ongoing, these findings contradict previous literature suggesting that matrices that are more similar to the
natural habitat are more beneficial to biodiversity. Despite the fact that Eucalyptus supported fewer bird species than pastures, the effect size of this difference was
small when compared to the high profitability of this land use.
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Improved management towards novel agroecosystems

Marinés De La Pefia-Domene™, Luz Maria Ayestaran-Hernandez', José Flavio Marquez-Torres!, Edith Rivas Alonso!, Jose Antonio Sierra Huelsz',
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Background: Worldwide, animal agriculture is the leading cause of habitat loss, species extinction, and water pollution. Animal-sourced food are linked to 51% of
global greenhouse emissions, at the same time agricultural activities are the main economic activity in rural areas. As conservationists, our challenge is to create
integrated landscapes that, both maintain biodiversity and the people's livelihoods. Methods: To tackle this challenge we set to co-design along with rural
communities, production systems that decrease the negative effects of forest fragmentation favoring functional connectivity across the landscape. Currently, we are
establishing AgroSilvoPastoral Systems (ASPS) as a biodiversity conservation strategy and sustainable livestock production in communities of Los Tuxtlas, Mexico.
These ASPS combine restoration plots embedded in a high intensity rotation system with grasses and foraging trees. To promote knowledge and establishment of
ASPS as a biodiversity conservation strategy and sustainable livestock production, we conducted 4 workshops in two local communities. At the start and end of each
workshop, we applied closed-ended questions to the assistants to evaluate changes in their perception about these systems. Results: In average, 76% of the
income per household of the evaluated communities came from livestock production as meat or milk. However, milk production and selling calf as meat averaged
daily income of $14.7 US per household. Discussion: Comparative studies in the Neotropics have shown that silvopastoral systems (agroforestry arrangements that
combine grasses with shrubs and trees for animal nutrition and complementary uses) may reach production levels equal to or higher than conventional grazing
systems, but provide a longer lifespan for productive lands. On the other hand, maintaining restoration plots embebed in open pastures have proved to 1) increase
landscape connectivity, 2) increase seed influx, 3) increase seedling recruitment and 4) improve soil properties. Through this project, we will test how combining
silvopastoral systems as the matrix of restoration patches into ASPS may assist in improving the livelihoods of low-economy cattle ranchers as well as maintaining
landscape connectivity, ecosystem services and biodiversity. Additionally, ASPS will provide landscape complexity which will result in more resilient systems in the
face of climate change.
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Mexican experiences in restoration. How to comply with international
agreements?
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Background: The Convention on Biological Diversity (CBD) of the United Nations (1993) established a Global Strategy for Plant Conservation which is the
framework for the Mexican Strategy for Plant Conservation (EMCV, in Spanish) coordinated by the National Commission for the Use and Knowledge of Biodiversity
(CONABIO, in Spanish). The third objective of this strategy refers to the increase of restored areas and the recovery of degraded ecosystems. Following the CBD
Strategic Plan, the "Bonn Challenge", an international agreement to restore 150 million of hectares in the entire world, was established in 2011. Further, in 2014, the
20 X 20 initiative promised to restore 20 million hectares in Latin America, of which Mexico promised to restore 8.5 million. However, only four of 13 Latin America
countries that signed the restoration agreement have a restoration plan; Mexico does not have a plan. Results and Discussion: In 2014, CONABIO established the
Coordinating Committee for the Implementation of the Strategy for Plant Conservation. To fulfill the international agreements, several activities have been carried out
by this committee: the First National Restoration Symposium (2014) and a book that incorporates the experiences gathered in the meeting (2016) aimed to
congregate key actors (academics, government agency workers, and restoration practitioners). The book includes a methodology for selecting priority restoration
areas, the evolution of policies for ecological restoration of forest ecosystems and experiences in ecological restoration of degraded ecosystems in nine Mexican
ecosystem types, occurring in 13 states. Later, a workshop called "Challenges and prospects to meet the international agreements on Ecological Restoration"
supported by the Center for International Forestry Research (CIFOR) and CONABIO (2015) was carried out to establish a protocol to evaluate restoration projects in
Mexico. The national evaluation is in progress; some preliminary results show that ecological restoration activities in Mexico showed a peak during 2004-10 because
of several initiatives generated by CONABIO. Most projects are still active in different phases, from pilot trials to monitoring phase. The identification of key actors, the
national evaluation of restoration projects and the analysis of weakness and strength of existing restoration plans of Latin American countries are the supplies to
establish a successful ecological restoration plan for Mexico.

Keywords: Ecological restoration, Mexico, restoration plans
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Technological innovation for nature conservation in productive landscapes
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Nature conservation requires sustainable and integrative management of natural resources, productive lands and protected areas. This in turn demands changes in
the models of putting at work knowledge and the actors that carry this knowledge. We still drag along an expert-biased model of knowledge generation,
communication and transmission, without grasping the clues of constructing solutions and alternatives as one more actor with all the others involved. We first have to
learn how to ask the correct questions that lead to the shared understanding of basic social-environmental processes. That questioning must be a part of a multi-
actor heuristics, where scientists play a role, because alternative processes, models and frameworks need scientific input, but also that of other actors. This means
finding other arrangements to conduct research than in the conventional laboratories; other funding sources than foundations and rese arch councils; other actors to
carry out projects than students, technicians and researchers; other means of communication than scientific journals; other measures than the numbers of
publications, citations and impact factors. We need also technology to generate the tools, devices, models, methods, required to achieve the goal of sustainable
management. Luckily, current technological means allow easier-than-ever generation of alternative models for sustainable management of our environment.
Knowledge society, social and academic networks, satellite communications, computing capacities, public databases, smartphones, etc., provide an unprecedented
wealth of knowledge resources and capabilities to respond to complex challenges in almost any corner of the planet, and on hand exchange of opinions on the
process. We provide some examples of technologically enhanced innovation applied to social environmental processes that foster nature conservation, as in
avocado plantations and agroforestry systems. These examples help us to find ways to make the qualitative change from failed expert cultures to vivid social-
environmental action with multiple expert involvement, notably involving local knowledge.
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Dynamics of an empty forest in Per0: 11 years later

John Terborgh®, Timothy Paine?, Harald Becks, Varun Swamy', Kirsten Hazelwood?, Patricia Alvarez*, Elizabeth Pringle?, Fernando Cornejo®
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Background: Research on the "empty forest" syndrome has burgeoned in recent years, uncovering associated distortions in a number of forest processes, including
seed dispersal, seed predation, species composition and secondary effects, notably, reduced carbon storage. Studies conducted to date have not always led to
similar conclusions but many of these have been based on short-term results that may not reflect long-term trends. Methods: We report on conclusions reached after
a multi-year effort to monitor turnover, seedfall and recruitment in two matched upper Amazonian floodplain forests 90 km apart in Per(, one with an intact fauna
(Cocha Cashu) and one with a severely depleted fauna (Boca Manu). Results: To our surprise, we found that clear patterns present in a 2004 inventory of these
plots were not strongly supported in subsequent inventories in 2009 and 2015. For example, some species known to be dispersed by large primates were recruiting
at high rates as saplings in the "empty forest." The result is not a fluke because we observed it in replicate plots >100 km distant. Moreover, the seed shadows of
species dispersed by large primates were not consistently contracted in the "empty" forest. The pattern of small sapling recruitment in the empty forest does suggest
a marked divergence in species composition over time, but the signal is slow in working its way up the age structure. Anticipated changes in species composition will
lead to altered carbon storage in the future, provided surprise developments to not upset current assumptions. Discussion: It has been a humbling experience to
realize that we know less about the consequences of defaunation in tropical forests than, inspired by hubris, we thought we knew a decade ago.
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A pantropical assessment of physical damage to forest seedlings and the
impact of defaunation
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Background: Biotic and abiotic forces shape plant communities across ontogenetic stages, driving patterns in survival, vegetation structure, and species diversity. In
tropical forests, many of these forces are facilitated by interactions with animals, which can either promote or inhibit plant reproduction. Disruptions to these
interactions - such as vertebrate defaunation - can generate broad changes in tree recruitment, forest structure, and carbon storage, with demographic filtering at
early recruitment stages responsible for many of the effects. Research to date has largely focused on a subset of prominent interactions, even though concurrent
modifications to less-studied ecological processes can drive changes of opposite directionality for individual species or entire communities. As such, it remains
difficult to predict the outcomes of defaunation for tropical forest plant communities. Methods: We sought to quantify non-trophic physical damage to seedlings in
biogeographically distinct forests across the tropics, and to compare these effects between non-hunted, unlogged forests vs. those subjected to hunting and/or
logging. A total of 1800 artificial seedlings were established across 18 sites, with three sites in each of two forest conditions (intact vs. hunted and/or logged) in the
Neotropics (Peru), Afrotropics (Gabon), and Indo-Malayan tropics (Sabah, Malaysia). Seedlings were censused monthly for 12 months, recording damage generated
by vertebrates, plant debris, and unknown causes. Results: 79% of all artificial seedlings were damaged during the 12-month study period. Across all sites, forest
conditions, and regions, vertebrates predominantly drove artificial seedling damage, damaging 49% of all seedlings, compared to 16% damaged by plant debris.
White-lipped peccaries (Peru), elephants and red river hogs (Gabon), and bearded pigs (Sabah) likely generated the strongest vertebrate effects. Hunting had a
significant impact on rates of non-trophic damage caused by vertebrates, with 87% reduction in hunted sites in Peru and 46% in hunted and logged sites in Gabon,
compared to undisturbed sites. Discussion and conclusions: Our results indicate that physical damage by vertebrates is likely a major filter on seedling survival
that significantly regulates plant reproductive success in undisturbed tropical forests, with significant long-term changes in vegetation composition, structure and
ecosystem services forecast in defaunated tropical forests.
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Revitalizing the natural phosphorus pump
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Background: Humanity is facing two pressing concerns: a potential shortage of the key ingredient of fertilizer, phosphorus and the loss of large animal biodiversity.
We are approaching "peak phosphorus" where phosphorus may become more expensive as it becomes rarer, thus endangering the green agricultural revolution and
our ability to feed ourselves. Animals play a key role in the recycling of phosphorus from the ocean depths to the continental interiors, but this has declined by >90%
over the past 10,000 years. Methods: Here we propose a mechanism to help alleviate both problems at once by restoring the natural system of animal mediated
phosphorus recycling. Results: This could be achieved with a REDD+ type-trading scenario where money could either be used to build wastewater treatment plants
or to restore the animal natural capital and increase natural phosphorus recycling by an order of magnitude with a value >10 billion USD. Discussion: Defaunation
has reduced key ecosystem services such as phosphorus distribution. Refaunation of our ecosystems could not only increase biodiversity but solve another key
problem of society - peak phosphorus.

Keywords: defaunation, ecosystem services, phosphorus, megafauna
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Searching for signals of defaunation-induced carbon loss at regional scales
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The widespread loss of vertebrate frugivores from tropical forests around the world, driven by over-hunting, could be inducing changes in the composition of tree
communities, reducing mean wood density or aboveground volume in ways that fundamentally alter carbon storage. Simulations based on tree demographic data
suggest that hunting-induced loss of forest carbon might be occurring in the Neotropics and Afrotropics but not in Southeast Asia where, unlike in other tropical
realms, most of the dominant trees do not rely on animals for regeneration. To test these predictions, we use high resolution remote sensing data, combined with
empirically validated maps of hunting pressure, to assess whether forest biomass is negatively correlated with defaunation. We compare results from Peru and
Malaysian Borneo to test the hypothesis that the impacts of vertebrate frugivores on forest carbon storage vary across continents. Tropical rainforests store a
substantial portion of Earth's carbon. Accurately assessing changes in these carbon stocks are critical for global-scale carbon budgeting and climate change
assessment. Indeed, a prominent strategy for climate change mitigation is to Reduce Emissions from Deforestation and forest D egradation (REDD), which focuses
on paying countries to stop logging so as to preserve standing forest carbon. But it may be that addressing logging is not sufficient -that REDD needs to also prevent
overhunting or risk insidious erosions of carbon pools.
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Continental-scale carbon savings from tropical forest bushmeat hunting
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Harvesting of wild animal populations from terrestrial ecosystems represents a key source of animal protein, providing food and income for over a billion people
worldwide. This invariably leads to varying degrees of wildlife depletion in terrestrial ecosystems, a global scale phenomenon that has been difficult to map and
quantify. Research on tropical forest "bushmeat" harvesting has proliferated in the last two decades, uncovering a wide variation in local per capita meat
consumption, patterns of overhunting for different game species, and associated ecological consequences, including seed dispersal and seedling recruitment
bottlenecks of large-seeded plants, and associated changes in forest carbon storage. Wild meat consumption can abate global greenhouse gas (GHG) e missions by
sparing land from deforestation, and reducing agricultural inputs and methane emissions from enteric digestion in ruminant livestock. We calculate the carbon
substitution value in human carnivore diets across the neotropics under both "empty" and faunally intact forest scenarios to estimate the GHG emission savings
provided by forest wildlife. We find that, in line with national policy targets of most Amazonian countries, considerable forest land sparing and abatement of GHGs
can be achieved by wild meat substitution of domesticated livestock. However, this requires that wildlife populations are sustainably managed to retain their
maximum value.
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Defaunation of seed dispersers and predators affects carbon storage in tropical
forest
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Background: Defaunation of large frugivores affects carbon storage ecosystem services in tropical forest. However, previous studies relating frugivore defaunation
with changes in carbon storage ignore the potential compensatory effects on plant recruitment for frugivore redundancy and the decrease of seed predation pressure
in defaunated communities. Methods: Based on data of recruitment success of large-seeded hardwood trees Cryptocarya mandioccana, we investigated the
contribution of the main seed disperser in three areas within a defaunation gradient of seed dispersers and predators to assess possible compensatory effects. By
comparing the seed dispersal effectiveness (SDE) among the seed dispersers, we predicted the relative impact of their local extinctions on plant recruitment taking
into account compensation effect and changes in seed predator community. Based on the results, we simulated the change of recruitment success of large-seeded
trees consumed by our disperser community and evaluated the subsequent change in overall carbon storage, taking into account their replacement by co-occurring
plant species, the level of seed predation, and compensation effects of mutualist species. Finally, we estimated the monetary contribution of the seed dispersal
service provided by each frugivore species to carbon stock. Result: The loss of large seed predators increase net seed mortality in 7 to 30 % due to an
overcompensation of the activity of small rodents in absence of larger seed predators. On the other hand, the loss large seed dispersers can be buffer by the
compensatory effects of smaller frugivores in seed removal, but it is not sufficient to prevent a significant decrease of carbon stock. Indeed, the disruption of the seed
disperser community would lead to a similar loss of carbon stock (-2.6%) as the disruption of the seed predator community (-2.5%). Besides, Areas without target
disperser community (i.e. Muriquis +Howlers+ Jacutingas) will suffer an impoverishment of the carbon budget of US$13.50/ha to US$43.5/ha depending whether the
community is defaunated or not in seed predators. Discussion: We show that defaunation of seed dispersers and seed predators affects carbon storage in tropical
forest. The maintaining of the carbon storage ecosystem service, and the associated paymments, requires the conservation of intact seed disperser and predator
communities and that compensation by smaller dispersers only slightly mitigate carbon loss.
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Background: Rapidly ongoing transformation of natural habitats and intensification of land use lead to persistent declines in biodiversity, but the implications for the
associated delivery of ecosystem services remain surprisingly poorly understood. A better understanding of ecosystem services in relation to local and landscape
context, as well as to species assemblage structure, plays a key role in improving land use and conservation programs. Methods: Tropical agroforestry systems
such as cacao and coffee can support and benefit from high biodiversity levels - which can further facilitate substantial increases in crop yield and serve as an
insurance against insect pest outbreaks, especially in smallholder plantations. Their potential to contribute to food security and sustainable land use concepts
depends on local and landscape factors and requires a better understanding of functional relationships between species community structure, ecosystem service
provision and human well-being from a landscape perspective. Pest suppression services provided by birds and bats have received great attention in this regard and
may serve as a viable alternative to the application of intensive farming practices in tropical landscapes. But only in recent years, the effects of birds and bats on
arthropod suppression, multitrophic interactions and crop yields have been evaluated experimentally and in relation to local and landscape factors to understand their
relative importance. Results: | will present an overview of the available literature and recent findings from community wide manipulation experiments on pest-
suppression services of bats and birds across the tropics, including results on their impact on ecosystem service provision in tropical forests and agroforestry
systems, implications resulting from global distribution patterns of feeding guilds and habitat affiliations, and recent findings on the importance of species abundance
for the magnitude of ecosystem service provision. Discussion/Conclusion: Despite revealing global patterns of bird and bat predation services, our results provide
implications for improved agricultural management, with respect to socio-ecological challenges in smallholder agroforestry systems. Furthermore, our findings
demonstrate that the shape of functional relationships, considering the importance of species abundance for ecosystem service provision, provides an indicator of the
resilience to defaunation in tropical landscapes.
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Background: It is increasingly evident that the current wave of anthropogenically driven biodiversity loss can be a driver, as much as a symptom, of global change.
Yet our ability to predict when and where defaunation events will cascade to affect community structure and ecosystem processes remains limited. This study
explores the effects of defaunation and associated land-use change on prevalence and risk of infectious disease at the land scape scale. Methods: Conducted in
East Africa savanna ecosystem, this study examines the abundance and prevalence of infected hosts and vectors in both experimentally defaunated and naturally
defaunated landscapes. Results: We find evidence for strong and systematic increases in rodent and tick borne disease following experimental large wil dlife removal
due to systematic increases in rodent abundance. However, when large wildlife loss is combined with secondary land use change (e.g. agricultural or pastoral land
use) the results become much noisier, and much more context dependent, with stronger effect sizes in less productive environments. The mechanisms underlying
the effects of defaunation on infectious disease vary across types of disturbance, but include a combination of predictable changes in abundance and competence of
hosts. These results suggest potential for synergies between defaunation and climate change impacts on infectious disease risk
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Cracks in island keystones: threat interactions push island flying foxes to the
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Tigga Kingston™, Christian Vincenot?, Vincent Florens?
'Biological Sciences, Texas Tech University; 2Social Informatics, Kyoto University; 3Biosciences, University of Mauritius

*Correspondence Author. E-mail: tigga.kingston@ttu.edu

Following pressure from litchi and mango growers, in late 2015 the Government of Mauritius deployed its Special Mobile Force to shoot > 30,000 individuals of the
Mauritius Fruit Bat, Pteropus niger, a threatened island endemic and the last of three Pferopus species to survive on the island. lllegal hunting and a second cull at
the end of 2016 resulted in a total population reduction of > 50% in less than two years. The Mauritian Fruit Bat is just one of 53 island Pteropus species, or flying
foxes. Intensive hunting and trading of island Pteropus in the last century drove one species to extinction and led to the listing of all others under CITES by 1989.
Although the ecological importance and vulnerability of island flying foxes was clearly elucidated in a series of publications that followed CITES listing, collectively
island flying foxes remain the most vulnerable bats in the world. All four of the recent global bat extinctions were island flying foxes, and 57% of species remain
threatened (assessed as Critically Endangered, Endangered, Vulnerable by the IUCN). Moreover, conservation status of threatened species, as measured by the
Red List Index, continues to decline at a far more rapid rate than other bats and most vertebrate groups. Here we assemble evidence from the last 25 years in
support of the keystone role that flying foxes play in island ecosystems, and describe the threat synergies and feedback loops driving many species to the brink of
extinction and compromising the ecosystem services they provide. Flying foxes are effective dispersers and pollinators because of fast, long-distance flight, rapid
digestion and in-flight defecation, and an ability to move large seeds. They are elevated to keystone species on islands because they are often the only vertebrate
capable of connecting populations within and among islands. On some islands this derives from colonization limitations and ev olutionary contingency (e.g., loss of
flight, megafaunal downsizing). On others, historical defaunation of other native vertebrates has left flying foxes as the sole effective dispersal agents. Hunting and
habitat loss remain the primary threats to species, but most threatened species are subject to multiple interacting threats that accelerate declines and disrupt
ecosystem services. Unless bat populations are stabilized and recover, many native island plant communities are living on borrowed time.

Keywords: defaunation, bats, islands, ecosystem services
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Estimating economic losses to tourism in Africa from the illegal killing of
elephants

Robin Naidoo!", Brendan Fisher2, Andrea Manica?, Andrew Balmford'
Wildlife Conservation team, WWF-US; 2 University of Vermont; ® University of Cambridge

*Correspondence Author. E-mail: robin.naidoo@wwfus.org

Background: Recent surveys suggest tens of thousands of elephants are being poached annually across Africa, putting the two species at risk across much of their
range. Although the financial motivations for ivory poaching are clear, the economic benefits of elephant conservation are. poorly understood. Methods: We used
Bayesian statistical modelling of tourist visits to protected areas to quantify the lost economic benefits that poached elephants would have delivered to African
countries via tourism. Our database included information on average annual visits to 165 protected areas (PAs) within 25 elephant range-state countries (these 25
countries collectively contain >90% of Africa's elephants), including 110 PAs that currently contain elephants. In addition, we harnessed information on the most
recent (typically ca. 2009-2013) comprehensive elephant population estimates and rates of illegal killing at 216 PAs, and on the average direct and indirect spending
levels of nature-based tourists visiting PAs in Africa. Results: Our results show these figures are substantial (an average of ~USD $25 million annually), and that the
lost benefits exceed the anti-poaching costs necessary to stop elephant declines across the continent's savannah areas, although not currently in the forests. of
central Africa. Furthermore, elephant conservation in savannah protected areas has net positive economic returns comparable to investments in sectors such as
education and infrastructure. Conclusion: Elephant conservation in PAs of the savannahs of East and Southern Africa represents a wise investment with immediate
and ongoing payback for tourism. Rates of return are positive, sometimes strongly, in these areas, indicating that tourists' willingness to pay to see elephants as part
of a visit to a PA are sufficient to offset the increased costs necessary to safeguard elephant populations. On the other hand, elephant-based tourism cannot currently
be expected to contribute substantially to the conservation of forest elephants in central Africa. In these remote, difficult-to-access areas where tourism levels are
currently lower than in savannahs and where elephants, with few exceptions, are difficult to see, different funding mechanisms that capture public concern and the
‘existence value' of elephants will be necessary to halt recent declines.
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Coping with global change: shifts in anuran distribution in a tropical mountain

Marconi Campos-Cerqueira®, Mitchell T. Aide?
'Biology, University of Puerto Rico; 2Department of Biology, University of Puerto Rico;

*Correspondence Author. E-mail: marconi.campos.cerqueira@gmail.com

Background: Global changes, such as climate change and infectious diseases, threaten animal and plant species even in natural and protected areas. To cope with
these global changes, species may adapt, move or decline. Here, we test for shifts in anuran distributions in the Luquillo Mountains (LM), a tropical montane forest in
Puerto Rico by contrasting occurrence probabilities from historical (1931-1989) and current data (2015-2016). Methods: Historical data were gathered through the
Global Biodiversity Information Facility (GBIF) and published literature, while the current data were collected using acoustic recorders along three elevational
transects. We used a GLM and occupancy models to compare the past and current anuran distributions. Results: In the recordings, we detected the 12 native frog
species known to occur in LM. Historically, the elevational range (mean=791 m) of these 12 species in LM was larger than in the present (mean=486). For most
species, the optimum elevation shifted upslope, with shifts >100 m for E. portoricensis (816-947 m), E. brittoni (39-318 m), E. hedricki (496-683 m) and E.
wightmanae (618-1049 m). Overall, there was an upward shift in the species elevational range, and this pattern was more common for lower than upper limits. Four
species presented a more prominent upward shift (>100m) in the low end of the elevational distribution: E. portoricensis (344-567 m), E. gryllus (39-669 m), E.
locustus (268-771 m), E. richmondi (329-713 m). Discussion: We hypothesize that these dramatic shifts are due to a synergistic effect of climate change and
infectious diseases, which are restricting many species to higher elevations and a much smaller area. Three evidences support our hypothesis: 1) LM is a protected
reserve without any obvious land use change in the past 80 years. 2) There was an increase in the frequency of dry periods coincident with amphibian declines in
LM. 3) Bd was found in the preserved skins of frog specimens coinciding with the beginning of anuran declines in LM. Our study confirms general impressions of
amphibian population extirpations at certain elevations, and corroborate the level of threat by IUCN. In addition, we have shown how acoustic monitoring and
occupancy models were able to detect changes in elevational range for the amphibian community. From a practical management perspective, this means much time
and effort can be saved when using acoustic monitoring to understand animal response to global changes.

Keywords: Climate change, infectious diseases, ARBIMON
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The effects of noise on the soundscape in an Brazilian Atlantic Forest remnant

Fernando D'Horta®, Christian Andretti
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*Correspondence Author. E-mail: fernandomdhorta@gmail.com

Background: Brazil is one of the most important pulp producers in the world, cultivating much of it in extensive eucalyptus plantations. Many activities related to
eucalyptus exploitation have potential impacts on biodiversity. However, there are few studies evaluating them in tropical regions. Methods: Using passive acoustic
monitoring, we analyzed short-term impacts of noise produced by wood chippers used for field processing of Eucalyptus in an Atlantic Forest remnant. Recordings
were collected at three distances from the forest patch edge (two points per distance: 0, 50, 150 m) during three scenarios (pre-chipping, chipping, and post-
chipping). We analyze (1) the variation in acoustic activity and soundscape composition; and (2) the change in acoustic activity of five forest bird species
(Xiphorhynchus fuscus, Pyriglena leucoptera, Corythopis delalandi, Basileuterus culicivorus and Myiothlypis leucoblephara) using automated species-specific
detection. Results: The soundscape analyses showed significant differences, among scenarios in anthropophony (0 to 2 kHz) but not in biophony (>2 kHz).
However, when we analyzed different frequency bands, we found variation in the use of acoustic space among scenarios and among bands, with almost no variation
in the use of acoustic space among scenarios in frequencies between 2 and 4 kHz (23%; 21%; 20%); a significant decrease in those between 4 and 6 kHz (39%;
23%; 19%); and an increase in those between 6 and 8 kHz (15%; 17%; 25%). The results obtained through the species-specific models corroborate the variations
observed in frequency bands analyses, mainly between 4 and 6 kHz (where most acoustic activity of modeled species is concentrated). Post-chipping, P. leucoptera
seemed to recover similar levels of acoustic activity observed pre-chipping. M. leucoblephara presented a gradual decrease in acoustic activity from pre- to post-
chipping scenarios. C. delalandi and B. culucivorus exhibited the most dramatic changes, dropping acoustic activity close to zero without recovery even long after
chipping. X. fuscus did not show significant changes across scenarios. Discussion: Our results strongly support a significant impact of the operation of wood
chippers on the forest animal community. These results were presented to the Fibria Celulose team that are implementing control and mitigation measures in order to
reduce or, even, neutralize the negative effects of noise produced by this activity.

Keywords: Soundscape, Birds, Atlantic Forest, Eucalyptus
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Soundscapes reveal impacts of natural gas exploration in a tropical forest

Jessica Deichmann’, Andrés Hernandez Serna?, J. Amanda Delgado Cornejo®, Marconi Campos Cerqueira?, T. Mitchell Aide?
National Zoological Park, Smithsonian Conservation Biology Institute; 2Department of Biology, University of Puerto Rico-Rio Piedras; SMuseo de Historia Natural, Universidad Nacional
de San Antonio Abad del Cusco; ¢ Sieve Analytics ARBIMON I

*Correspondence Author. E-mail: jessiedeichmann@gmail.com

Background: Hydrocarbon exploration and extraction are increasing rapidly in tropical forests, and little is known about their impacts on biodiversity. In high diversity
tropical habitats, acoustic monitoring is an excellent tool for sampling a large proportion of the fauna across spatial and temporal scales. Methods: We documented
impacts of natural gas exploration on biodiversity in a pre-montane forest in Peru by deploying passive acoustic monitoring devices at five distances from an
exploratory well. We investigated how soundscapes varied with distance from the platform and also between the construction and drilling phases of well operation.
Results: All sites demonstrated a pattern of greatest acoustic activity below 8 kHz, with peaks of activity throughout the night (18:00-06:00) and lower activity during
the day (08:00-16:00). Soundscapes showed that similarity of acoustic frequencies, including those generated by anthropogenic noise, was greater among sites
closer to (<250 m) and farther from (~500 m) the platform. Soundscapes also revealed more frequencies were used overall during construction than during drilling
and showed a weak trend of increasing frequency richness with increasing distance from the disturbance. Regions of the sounds cape corresponding to anthrophony
(0-2 kHz), biophony (2-8 kHz) and high frequencies (8-22 kHz) displayed distinct patterns from one another. Discussion: Results demonstrate that soundscape
analysis is a useful tool for evaluating the impact of development activity on the acoustic community, and should be used as a "best practice” in monitoring
biodiversity to guide mitigation strategies. For example, in the current case, operational activities should take place during the hours 08:00-17:00 to minimize overlap
with the hours in which animals are most active. Additionally, steps should be taken to muffle sounds from machinery in the platform area and reduce the distance at
which they can be heard into the forest. Furthermore, not only must the area within the platform be restored after activity has ceased, but monitoring and restoration
efforts should extend into the forest, at least up to 500 m where changes in soundscapes are most evident. Studying the soundscape offers the opportunity to go
beyond species-specific approaches, letting us examine how the vocalizing community as a whole changes in response to anthropogenic activities.

Keywords: soundscapes; impact assessment; biodiversity monitoring
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Linking soundscapes patterns to the vegetation structure in the Amazon
Rainforest

Leandro Do Nascimento®, Karen Beard'
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*Correspondence Author. E-mail: le_nasc@hotmail.com

Background: The relationship between soundscapes and vegetation structure has been poorly studied despite the important ecological and conservation
implications that this kind of information might uncover. Studies that have addressed this topic were limited in sample size or have not recorded the soundscape
passively. In addition, no study addressing this relationship has been conducted in a speciose location like the Amazon Rainforest. Here we link soundscape patterns
to vegetation structure using a large dataset of recordings and detailed vegetation structure data from eight different Amazonian habitats. Methods: We used
autonomous audio recorders (AAR) to collect sound data in natural and anthropogenic habitats in the northern Brazilian Amazon. Twenty AAR were programed to
record one minute every ten minutes over a one-week period in each habitat resulting in 12,000 recordings per habitat. Vegetation structure data (diameter at breast
height, shrub cover, canopy cover, height, ground cover, litter depth) in a 10-m radius were collect in each AAR deployment site after the recording procedure was
finalized. We used supervised and unsupervised machine learning algorithms to link the soundscape features (e.g. spectral centroid and acoustic complexity index)
to the vegetation structure of each site. Result. The machine learning algorithms revealed significant heterogeneity of the vegetation structure among and within each
habitat studied. Self-organizing map clearly show that different clusters formed between burned and forested habitats. Random forest classification yielded a low out-
of-bag error and the acoustic complexity index was the most important feature in the classification. They indicated that unique sound signatures within and among
habitats are driven by differences in the vegetation structure, such that larger trees and greater shrub and canopy cover sup ported more diverse animal communities.
Conclusion: Using a large data set of recordings and detailed vegetation structure data we show that unique sound signatures are driven by different animal
communities associated with different vegetation structure, and habitats with similar vegetation structure were similar acoustically. This data collection and analyses
approach can be used to explore habitat selection theory and to monitor the impacts of environmental changes (e.g. land use change and wil dfires) on animal
communities.

Keywords: machine learning algorithms, soundscape patterns
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acoustic meme diversity in birds
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*Correspondence Author. E-mail: pjhart@hawaii.edu

Background: Acoustic signaling is a common form of behavioral information transmission in many animal species and may be either genetically inherited or
culturally learnt and transmitted between individuals, creating flows of cultural traits (memes) across the landscape. The biogeography of memetic traits in animal
populations is poorly described but can have major implications for their evolution, ecology and conservation. In this study, we expand on classical Island
Biogeography Theory to characterize the a (i.e. within population), B (i.e. among populations) and vy (i.e. total) acoustic meme diversity for four species of song-
learning Hawaiian forest birds in a naturally fragmented landscape. We then examine the effects of species characteristics (mobility and population size), and
landscape variables (isolation and habitat fragment size) on patterns of diversity of learned acoustic traits. Methods: Automated sound recorders were programmed
to record bird vocalizations for five minutes every 20 minutes in 19 wet-forest fragments on the island of Hawaii during the 2015 breeding season. Network analysis
and a modeling approach were used to study the overall meme structure and the factors affecting meme diversity. Results: As predicted, large fragments had richer
meme diversities for all species, while the effect of isolation was species-dependent. Fragments with larger populations showed greater a-diversities for two species,
while the species ability to move through the landscape had minor effects on the acoustic patterns. The structure of the acoustic traits was nested (i.e. the memes in
fragments with lower meme diversities are a subset of the memes in fragments with higher meme diversities) for all the species. Moreover, the meme structure for
one species (‘Apapane, Himatione sanguinea) suggested the existence of acoustic ‘dialects’. Conclusion: Overall, meme diversity depended on both landscape
variables (fragment size and isolation), and species characteristics (population size and, to a lesser extent, mobility). The results of this study improve our
understanding of the biogeography of animal information transmission in fragmented landscapes.

Keywords: Acoustic meme diversity, information transmission
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*Correspondence Author. E-mail: erobredo@conabio.gob.mx

Background: Monitoring biodiversity and ecosystem health nationwide in a megadiverse country is a difficult task that often implies extensive human effort and
complex data management techniques. Large scale acoustic data collection using autonomous recorders has been ongoing since 2014 in Mexico as part of the
National Biodiversity Monitoring System (SNMB, acronym in Spanish) coordinated by the National Commission for the Knowledge and Use of Biodiversity
(CONABIO). Manual review of such an ever-growing acoustic collection is a difficult and time consuming task without the use of content-based data mining tools. We
explored Deep Learning (DL) techniques for automated bat (order Chiroptera) detection in the ultrasonic spectrum based on bioacoustic data. Methods: A collection
of software tools were built to allow experts to remotely annotate bat calls in spectrograms produced using bat acoustic data collected from sites across America and
for which the bat species was known. The resulting labeled bat calls were used as patterns for training a bat detection deep neural network. The model was validated
using an independent set of labeled data. Results: In order to integrate human knowledge and machine learning into model training, the following elements were
incorporated to the system: 1) a graphical interface for annotating spectrograms, 2) a set of processing and querying services that read and write on a database, 3) a
set of tools for retraining models using new information, and 4) a group of bat experts using these tools. 13,450 precise time-frequency spectrograms were initially
annotated to build a set of training examples. The model detector was 90% accurate on this training set when measured by 5-fold cross-validation and >80%
accurate using an independent validation set coming from Neotropical bat expert annotations. A DL based classification model for 68% of all Mexican bat species is
currently being developed. Discussion: Ultrasonic recordings are the largest subset of data within the SNMB, and most of this data is aftributed to bat calls. Because
there are fewer sounds in the ultrasonic spectrum (relative to the audible spectrum), bat species detection is somewhat easier to resolve using machine learning than
calls of other taxa in the noisier audible spectrum. The bat detector network built for this purpose demonstrates the great potential of DL as a source of tools for on-
going, large scale biodiversity monitoring.
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Forest connectivity for seed dispersal in Borneo: before and after oil palm
development
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"Postdoctoral Fellow, ETH Zurich; 2CIFOR

*Correspondence Author. E-mail: natalia.ocampo@usys.ethz.ch

Background: Animal-assisted seed dispersal is an important ecosystem process often imperiled by habitat loss and fragmentation through the reduction of functional
landscape connectivity. The loss of seed dispersal affects natural regeneration processes (e.g. through changes in gene flow or vegetation dynamics) in remaining
forested areas, and can limit the outcomes of forest restoration initiatives. In Borneo, rapid oil palm expansion has resulted in extensive forest loss and fragmentation,
and thus, it has likely impacted functional connectivity and seed-dispersal processes across forested landscapes in the island. To investigate these impacts, we
modeled changes in habitat availability, species distribution and functional connectivity of frugivorous forest vertebrates between 1973 and 2015. Methods: We
mapped concentrations of frugivorous vertebrate species in the island, using refined species distributions and habitat availability maps, and modelled landscape
functional connectivity for these species through graph theory approaches. Our methodology allows us to determine the contribution of a forest patch, or a forested
area, to the overall functional connectivity in the landscape. Results: Spatially explicit models of connectivity for frugivorous birds and mammals showed a marked
loss of connectivity throughout Borneo's forests over the past 40 years, in particular for forests below 1000 m. These lowland forests are highly diverse and can
house concentrations of up to 60 frugivorous species in a given patch. The extirpation of these species is likely harming native plant populations, with impacts that
are expected to worsen over generations. Discussion/Conclusion: Through our models we are able to identify areas that are critical to the conservation of
functional connectivity for frugivorous species at the landscape and regional scales. As such, our approach can be used to prioritize areas for the maintenance of
seed dispersal processes. These conservation priorities are especially important in the face of continued expansion of commodity plantations (such as oil palm) in
Borneo.

Keywords: biodiversity, connectivity, landscape, oil paim
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Do High Conservation Value (HCV) areas improve rainforest connectivity in oil
palm landscapes?
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Background: Conservation of biodiversity in oil palm-dominated landscapes requires habitat networks that connect remaining areas of rainforest. Our empirical
studies reveal that oil palm plantations may act as barriers to the dispersal of some rainforest-dependent species, making it important to examine ways of improving
rainforest connectivity in order to facilitate the movement of species through these agricultural landscapes. Roundtable on Sustainable Palm Oil (RSPO) voluntary
certification standards require areas of rainforest with High Conservation Values (HCVs) to be conserved, and we examined whether these HCV areas make an
important contribution to landscape connectivity. Methods: We used RSPO audit reports to create digitized maps of HCV areas in Indonesian Borneo, and remotely-
sensed landcover data to assess the quality and placement of these HCVs. We also used a modelling approach that combines patch-based metapopulation
dynamics and electrical circuit theory to assess the connectivity benefits of HCV areas for species with different dispersal abilities. Results: HCV areas provide some
connectivity benefits, but these benefits are site-dependent. The extent to which HCV areas improve connectivity depends primarily on the amount of forest
remaining in the landscape surrounding the plantation. Discussion: Our study quantifies the ecological impacts of the HCV process, and hence the impact of the
RSPO’s environmental sustainability standards for reducing biodiversity losses in oil palm plantations. It is important to assess the robustness of the HCV process
and provide recommendations to the RPSO for managing HCV areas in order to promote connectivity and biodiversity in oil palm landscapes.

Keywords: Landscape connectivity, fragmentation, RSPO, Borneo
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Exploring biodiversity-yield trade-offs in rubber and oil palm smallholder
systems
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Background: Tropical biodiversity conservation and agricultural production are commonly perceived as incompatible. How tropical biodiversity conservation can be
reconciled with the need for increasing socioeconomic gains without further expansion of agricultural land is a major challenge in the current UN "Decade of
Biodiversity". Tropical smallholder agriculture is a major driver of ongoing agricultural expansion; yet, it may also harbor great potential for maintaining relatively high
levels of on-farm biodiversity while optimizing the income of farmers. However, multidisciplinary studies to quantify the relationship between socioeconomic and
ecological functions under different land-uses and management options in tropical smallholder systems are rare. Methods: The Collaborative Research Centre
EFForTS (Ecological and Socioeconomic Functions of Tropical Lowland Rainforest Transformation Systems (Sumatra, Indonesia)) studies smallholder land-use in
the three dominant rainforest transformation systems in Jambi Province, Sumatra: agroforestry jungle rubber, rubber monoculture and oil palm monoculture. Using
extensive sampling and a multidisciplinary approach, we assess the species richness of the major taxonomic groups in these land-uses, variation in agronomic
practices and socioeconomic drivers, as well as the final ecosystem service to farmers, crop yield. Results: We find only weak evidence for biodiversity-yield trade-
offs. Comparing responses in species richness of nine major taxonomic groups (e.g., bacteria, ants, trees) across the three land-uses, we find no significant
correlation of biodiversity and yield in 24 comparisons, two negative correlations and 1 positive correlation. Discussion: We identify agronomic and socioeconomic
drivers of variation in biodiversity and in yield, and give recommendations for biodiversity-friendly farm management that simultaneously allows for considerable
increases in income. Despite considerable losses in biodiversity following rainforest conversion, yield gaps in smallholder |and-use systems allow for increasing
socioeconomic functions without further compromising ecological goods.

Keywords: socioeconomic-ecological trade-offs, habitat complexity, management
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Integrated landscape approaches to managing social and environmental
issues in the tropics
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Poverty, food insecurity, climate change and biodiversity loss continue to persist as the primary environmental and social challenges faced by the global community.
As such, there is a growing acknowledgement that conventional sectorial approaches to addressing often inter-connected social, environmental, economic and
political challenges are proving insufficient. An alternative is to focus on integrated solutions at landscape scales or ‘landscape approaches’. The appeal of landscape
approaches has resulted in the production of a significant body of literature in recent decades, yet confusion over terminology, application and utility persists.
Focusing on the tropics, we systematically reviewed the literature to: (i) disentangle the historical development and theory behind the framework of the landscape
approach and how it has progressed into its current iteration, (i) establish lessons learned from previous land management strategies, (iii) determine the barriers that
currently restrict implementation of the landscape approach and (iv) provide recommendations for how the landscape approach can contribute towards the fulfilment
of the goals of international policy processes. This review suggests that, despite some barriers to implementation, a landscape approach has considerable potential
to meet social and environmental objectives at local scales while aiding national commitments to addressing ongoing global challenges.

Keywords: landscape approaches, review, implementation, policy
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Background: The oil palm industry is responsible for serious environmental damage but is vital to the economies of the countries where it is grown. Therefore, it is
essential that we find more sustainable ways of producing palm oil which balance economic and environmental needs better. Scientists have an important role to play
in solving this complex problem but we need to overcome barriers of communication, relevance and timeliness in order to create more impact for our research.
Methods: We developed a process of knowledge exchange to improve the uptake of science into policy for more sustainable palm oil. We illustrate this process
using a successful case study in which we synthesized data on biodiversity levels and ecosystem functioning in forest fragments to determine viable forest patch
sizes for use in the design of conservation set-asides for certification standards. Results: Our synthesis showed that while large tracts of forest are necessary to
conserve the full complement of species diversity, at the "within-plantation" scale, patches of a few hundred ha have considerable conservation value. As a result of
our knowledge exchange process, this information has been successfully incorporated into industry guidelines and initiatives. Conclusion: Our process was
successful because we have developed long term working relationships with key stakeholders. We were therefore able to understand their policy needs and reframe
the scientific evidence accordingly. Continual dialogue and interaction with the policy arena is essential for enabling scientists to provide relevant and timely
information for improving oil palm sustainability.

Keywords: fragmentation, policy, biodiversity, Borneo, conservation
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Realizing ecologically sound land-use planning in the oil-palm industry
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Qil palm agriculture has been identified as a major driver of biodiversity loss in the tropics, due to the large-scale deforestation associated with its rapid expansion.
Sustainability initiatives in the industry have focused on reducing habitat loss resulting from new oil palm development. We argue, however, that these efforts have
failed to address the spatial and temporal dimensions of this process, particularly by ignoring the broad range of threats to biodiversity that arise from oil palm
expansion; notably habitat fragmentation and changes in ecosystem processes. We propose that land-use planning in the industry needs to actively anticipate and
address the full scope of threats to biodiversity, as well as the spatial and temporal scales at which they operate, in order to preserve the ecological viability of these
regions. We discuss how adequate regional planning and landscape-based approaches can contribute to address these shortcomings, what type of indicators could
be used to guide such planning, and the factors that may facilitate or hinder the success of these approaches. The presentation finishes the session by summarizing
and connecting the various topics addressed throughout all presentations in this symposium.
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Evolution and diversification of CAM in tropical epiphytic orchid species
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Background: Crassulacean Acid Metabolism (CAM) is a water-conserving mode of photosynthesis present in about 7% of vascular plant species. Thanks to
genomic technologies, our understanding of the genes that modulate the expression of Crassulacean Acid Metabolism (CAM) is rapidly expanding. To better
understand the role of CAM in species radiations and the molecular mechanisms of CAM evolution, we study CAM evolution in orchids, one of the largest families of
flowering plants. Methods: Plasticity of CAM in orchids is assessed using 24 hour gas exchange under drought stress conditions. Carbon stable isotopic composition
of leaf samples from over 2,000 species were used to map the occurrence of CAM in the orchid family. To investigate patterns of functional diversification related to
the expression of CAM in orchids, comparative analysis of RNA sequencing from closely related species with CAM and C3 photosynthesis are used to identify genes
that follow time-dependent patterns associated with the CAM pathway. Anatomical leaf traits of 60 orchid species with C3, weak CAM and strong CAM were
compared and related to photosynthesis type. Results:. Measurements of 24-hour gas-exchange shows that some orchid species with weakly expressed CAM can
significantly increase their CAM activity when water stressed and, in some cases, revert to weak CAM upon re-watering. CAM species tend to have lower average
stomatal size and lower stomatal density related to lower stomatal conductance when compared to C3 orchid species. Based on carbon isotope analysis, new genera
with CAM were discovered, and CAM was shown to have evolved multiple times within the Orchidaceae. Discussion: The occurrence of CAM is correlated with
shifts to epiphytic habits, especially within the Subfamily Epidendroideae, a clade with the majority of extant CAM species in orchids. Anatomical and physiological
traits are important drivers in CAM evolution and are further discussed. Using closely related Oncidiinae orchid species, candidate CAM genes and regulators are
assessed to better understand the molecular basis for the evolution of CAM. This project is part of a Dimensions of Biodiversity team effort aimed at understanding
the evolution of CAM in plants.

Keywords: Crassulacean Acid Metabolism, orchids, epiphytes
ID:1190

Wednesday Merida
Symposium: Bridging conservation ecology and genomics in the study of species with Crassulacean Acid Metabolism

Vanilla species in the Choco Wet Forest (Colombia) distribution and functional
traits

Ana Maria Benavides Duque", Eva Ledezma?, Erika Restrepo?, Catalina Ramirez*
"Medellin Botanical Garden; 2Universidad Tecnolégica del Chocd; 3Posgrado en Bosques y Conservacién Ambiental, Universidad Nacional de Colombia-Sede Medellin; 4 Medellin
Botanical Garden Science

*Correspondence Author. E-mail: anamaria.benavides@jbotanico.org

Background: Species coexistence mechanisms include a broad range of strategies to occupy different ecological niches. In diverse tropical rain forests plant
species are strongly limited in their use of biotic and abiotic resources because of competition. Plant abiotic resource partition is visible through water and nutrient
uptake strategies, meanwhile biotic interactions with endophytes and pollinators may reflect biotic resource partition. We studied four coexisting native Vanilla
species in the Choco Wet Forest (Western Colombia) in order to understand which are the main determinants for its coexistence. We analyzed whether ecological
niches of these four species overlap and if fruit harvesting of native populations is long-term sustainable. Methods: Vanilla species were studied in eight sites. We
recorded species distribution, reproductive monthly phenology during a year, floral morphology, breeding system, functional traits, floral visitors, pathogens and
microorganisms associated with roots. Results: Our results showed that the four Vanilla species (V. planifolia, V. odorata, V. cribbiana, and V. trigonocarpa)
presented different mechanisms to avoid direct competition among them for resources from top to bottom. Species occurred in the same locations with a subtle
differentiation among habitats. Leaf functional traits were segregated among species and differences were maintained along a plant vertical stratification. Floral
morphology, aperture, receptivity and flowering peaks were similar among species. Plant-pollinators and plant-microorganisms networks were well defined for each
species. Fruit production was scarce during a year of monitoring. Conclusion: Niche segregation of Vanilla species through biotic and abiotic resource partition
prevent competitive exclusion and hybridization, however fruit productions is very low. Species in such conditions will be very vulnerable to fruit harvesting. Vanilla
species showed a very low fruit production and a narrow niche overlapping even when they coexist in the same locations. Our study indicates that Vanilla species will
be face a population bottleneck if fruit harvesting is not controlled.
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Evaluating the occurrence of CAM photosynthesis in orchids from Colombia's
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CAM photosynthesis is considered a key innovation enabling orchids to occupy stressful and/or arid habitats, but only about 5 % of all orchid species have been
surveyed for photosynthetic pathway. Likewise, the relationship between photosynthetic pathway and climatic variables has been poorly understood. Here we expand
the survey of photosynthetic pathways among tropical orchids by analyzing the carbon isotopic signatures (I"13C) of herbarium material of 1,143 Colombian species
belonging to 189 genera. The occurrence of CAM was then analyzed in a biogeographical context using the geographic coordinates from the herbarium specimens
and climatic variables extracted from the WorldClim Data Base. With the 1"13C values and climatic data from each sample we run a generalized linear model to
determine the relationships between climatic variables, epiphytism and taxa with the photosynthetic pathway. CAM was present in 10.3% of species surveyed. We
report for the first time CAM on orchids at very high altitudes (> 3,000 masl). The variables that had a significant effect over photosynthetic pathway were taxa
(genera), precipitation of driest quarter, mean annual temperature and growth habit. CAM was more frequent on epiphytes, and on drier and warmer sites in the
lowlands. We also find a very unique elevation distribution pattern of orchid diversity. While most previous work report one peak of high diversity at mid altitude (i.e.
about 1,500 m along the belt of cloud mountain forest), we found one additionally peak of high orchid diversity in the lowlands, at 0-500 m elevation. This work
represents the first screening of photosynthetic pathway in Colombian orchids and establishes interesting insights on climatic-photosynthetic relationships.
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Background: Clusia is a neotropical genus of approximately 300 species of arborescent plants. It is the only known genus that contains trees exhibiting the water-
conserving CAM (crassulacean acid metabolism) pathway of photosynthesis. Clusia rosea is considered to be a species with constitutive CAM, whereas Clusia
pratensis and Clusia minor are considered species with facultative CAM. Information on photosynthetic-pathway characteristics is largely derived from experiments
with potted plants under controlled conditions. C3-CAM relationships have never been examined over a complete annual cycle in the field. In the 18-month study
presented here, CAM activity was assessed in situ at narrow, weekly intervals in plants of C. rosea, C. pratensis and C. minor undergoing seasonal wet-dry season
changes in Panama. Methods: Plants, up to 6 m tall, grew in natural soil at the forest edge at the Smithsonian Tropical Research Institute facilities in Gamboa,
Republic of Panama. Plants were studied from November 2015 to April 2017, covering a complete wet season and two dry seasons. At weekly intervals, mature sun
leaves were excised at dusk and dawn and 2 leaf discs (diameter 2 cm each) per leaf (= one sample) were frozen in liquid nitrogen. For determination of titratable
acidity, samples were boiled sequentially in 50 % ethanol and water, and titrated with 25 mM NaOH to pH 6.5. Carbon isotopic signatures of leaves collected during
the wet and dry seasons were determined with a ratio mass spectrometer. Photon flux density (PFD), rainfall, temperature and relative humidity were continuously
monitored at the study site. Results: C. rosea showed pronounced nocturnal acidification on almost all days throughout the year, whereas in C. pratensis and C.
minor, nocturnal acidification was confined to the dry season. During the wet season, C. pratensis and C. minor maintained high levels of leaf acidity throughout day-
night cycles, with acidity levels at dusk occasionally even exceeding those at dawn. Nocturnal acidification was strongly influenced by PFD during the preceding light
period, particularly in C. rosea. Conclusion: While CAM photosynthesis occurs year-round in C. rosea, it is a dry-season-only phenomenon in C. pratensis and C.
minor.
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Under what conditions Clusia expresses CAM photosynthesis, C3 or any of its
intermediate forms?
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Background: Clusia is a Neotropical widely distributed genus with around 300 worldwide species, and about 143 species reported for Colombia. This group is
diverse and versatile; it has a great diversity of life forms even within the same species. The group seems to have a high degree of metabolic plasticity where species
can move from C3 to CAM in response to water scarcity or growth form. The aim of this research was to assess the importance of growth form and environmental
variables in determining the metabolic pathway on Clusias from Colombia. Methods: We sampled leaf carbon isotopic composition of 574 herbaria specimens of 117
Clusia species from 12 different Herbaria in Colombia. We selected the following environmental variables: Altitude, annual me an temperature, maximum temperature
of warmest month, minimum temperature of coldest mont, temperature annual range, mean temperature of wettest quarter, mean te mperature of driest quarter, mean
temperature of warmest quarter, mean temperature of coldest quarter, annual precipitation, precipitation of warmest quarter, precipitation of coldest quarter, cloud
cover and habit. Results: Our study covered 81.1% of all the Clusia species from Colombia. Our finding indicates that altitude and annual precipitation were the key
environmental variables influencing the expression of CAM. CAM was most prevalent at low altitudes and was presented in regions with low precipitation. No CAM
species appeared above 500 m.a.s.| and C3 species had a wide altitudinal range. Clusia reported in greater number C3 photosynthetic (95.72%) followed by
C3_CAM (11.11%) and CAM (5.12%) photosynthesis. Additionally, both C. fructiangusta and C. minor each with 12 collected specimens, presented two types
photosynthesis, C3 and the intermediate pathway C3-CAM, within the same species. For C. minor this behavior had already been reported. Also, C. nigrolineata with
only 3 specimens showed two types of photosynthesis C3 and CAM. Discussion/Conclusion: With this, it was found that 17 Clusia species reported variation
among their population since they showed two types of metabolism for each species. This variability in CO2 uptake patterns with these three metabolic pathways
(C3, C3-CAM and CAM) may have contributed to the successful invasion of Clusia into a wide range of ecosystems and altitudes in the tropics.
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Background: To overcome the negative effects of global warming and drying trends, an increased reliance upon crassulacean acid metabolism (CAM) crops or the
introduction of CAM, a water-wise form of photosynthesis, into C3 food and bioenergy crops might serve as a useful strategy to improve the water-use efficiency
(WUE) of sustainable food and biomass production in the future. Methods: Tissue succulence was engineered via overexpression of a basic helix-loop-helix (bHLH)
transcription factor from wine grape. RNA-seqg-based transcriptome profiling was performed on the common ice plant, a facultative CAM model in which CAM can be
induced by water-deficit or high salinity stress, to identify specific gene family members with CAM-related functions. Arabidopsis promoter regions were identified that
provided circadian, drought-inducible, and mesophyll-specific gene expression patterns. Selected promoters were matched to the expression patterns of target CAM
enzymes and were used to construct custom transcription units using Multisite Gateway® Pro recombinational cloning. Gene circuits consisting of combinations of
TUs were then assembled using Gibson isothermal assembly using a series of custom position, adapter, and carrier vectors. Results: Tissue succulence, which is
thought to be an anatomical requirement of nocturnal C4 acid storage of CAM species, was achieved through the overexpression of a bHLH transcription factor from
wine grape. Arabidopsis plants with engineered tissue succulence displayed increased cell and organ size, increased biomass and seed yield, and improved salinity
and drought tolerance, compared with controls. A facile gene stacking strategy was also developed that enables the assembly of multiple TUs with appropriate
circadian and drought-inducible expression patterns necessary for the genetic reconstitution of facultative CAM into host C3 photosynthesis species. Discussion:
Increased cell size is expected to increase malate storage capacity, and reduced intercellular air space is expected to limit internal CO2 diffusion out of the leaf during
the day to increase the capacity to perform CAM. The plant-specific position/adaptor/carrier vector system developed has enabled the rapid, reliable, and scalable
creation of complex CAM gene circuits using the Gibson isothermal assembly process, which are in the process of being introduced into Arabidopsis and Poplar.
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Background: We explore the morphology and lifecycle strategies of two groups of species in the Yucatan Peninsula, the epiphytic species of Bromeliaceae and the
terrestrial species Beaucarnea pliabilis (Despeinada or Pata de elefante, family Asparagaceae, subfamily Nolinoidae), which had not been previously described as
CAM. Both these groups are successful in drought prone, stressful environments within the Peninsula. And both of them show pl asticity, from being in more exposed
sites of a dry forest in the Northern Yucatan, to the shaded understory of the Southern, more mesic forests. Methods: We present field data of both bromeliads and
Beaucarnea generated in field sites across the Peninsula, sampled in 10 x 10 m plots that describe their abundance and morphological traits. This data is related to
local environmental variables. We also present germination and growth experiments in the greenhouse, which characterize their ability to withstand drought and
excess light. Result. Both the Bromeliaceae species and the Beaucarnea show morphological and physiological plasticity that explains their ability to inhabit a range
of habitats of varying precipitation and light incidence. For the Bromeliaceae, we found seeds and leaf traits differentiated between those species inhabiting either the
wetter or dryer extreme of the Peninsula. In the case of the Beaucarnea, only one of the three species studied, the one native of Yucatan, B. pliabilis showed weak
diurnal acid fluctuations. This species showed high storage of osmolytes, and a significant relationship between the acidity and water potential, signaling that it may
use CAM to lower its water potential and increase water transport towards the leaves. These acid fluctuations were higher when under drought. In the field, significant
changes in height and in diameter of the stem were found between dry and wet habitats. Discussion and/or Conclusion: The CAM species of the Yucatan
Peninsula show great plasticity to deal with the changing environmental conditions, allowing them to remain active year round, even when most other species may be
deciduous or short lived. This plasticity necessary to survive within site variation may also enable their distribution in contrasting environments of the Peninsula.
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Elevational ranges of tropical montane epiphytes point to high sensitivity to
climate change.
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Background: Tropical montane forests are the most biodiverse regions on the planet, but may be at high risk under climate change. In order to test standing
hypotheses that tropical species are sensitive to small changes in climate, we need detailed data on these species' climatic niches, which is currently lacking. Here
we provide novel estimates of climate sensitivity from the field for epiphytic plants, which are highly sensitive to microclimate and may be early indicator species for
the biological effects of climate change. Methods: We measured the precise elevational ranges of 72 species in two genera (Elaphoglossum and Peperomia)
through detailed surveys across large elevational gradients on three mountains: Monteverde and Volcan Barva in Costa Rica, and Volcan Baru in Panama. We also
carried out a large reciprocal transplant experiment with 17 species across six climatically distinct sites in Monteverde, which has been monitored for 2.5 years.
Species were transplanted both outside of and within their native ranges, testing whether these epiphytes can survive in climates outside those where they are
currently found, and whether any sign of local adaptation exists between populations in different climatic zones of the native range. Results: Many species occupy
different elevational ranges on the three nearby mountains. Additionally, the local elevational ranges of each species are much smaller than their global elevational
ranges. Finally, transplant experiments indicate that most species suffer when moved outside their native climatic niche in the field, even when they were moved to
elevations at which they were observed on other nearby mountains. Specifically, precipitation and moisture exert much stronger control over epiphyte fitness than
does temperature; the largest changes in precipitation caused near total mortality within 6 months. Conclusion: This study combined local, regional and global scale
distribution information to gain an accurate picture of species' climatic niches. Species' elevational ranges measured in situ on three mountains show that individual
populations, even within the same region, occupy much smaller realized climatic niches than what we would measure for the species as a whole. The results from
our transplant experiment indicate that a drying trend, as predicted in some parts of the neotropics (including Central America), could be devastating for epiphyte
communities, which are highly sensitive to moisture availability.
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Can the use of CAM plants contribute to climate change adaptation in
Mexico?
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Anthropic global climate change is anticipated to drive down agricultural yields during the present century owing to a combin ation of increasing air temperatures and
decreasing precipitation. In this scenario, the development of alternative, climate-ready crops may provide a pertinent adaptation measure, such as the utilization of
crops with Crassulacean Acid Metabolism that have been selected to maximize productivity under potentially stressful environmental conditions. Indeed, the
cultivation of Agaves, for example, to obtain fiber, sugars, or ethanol has been suggested as an adaptation to increasingly dry environments, given their ability to
remain physiologically active throughout the year, including in sites with marked seasonality. Potential productivities for Agave species from Mexico were modeled
under current climate and the IPCC Ar5 RCPs to determine potential regions for cultivation in Mexico over the course of the present century. A special consideration
was made for Agave tequilana, utilized to produce tequila, and A. angustifolia, whose potential productivity may decrease by up to 40% by mid-century and 60% by
2090 in the territory considered in their respective Geographic Designations. However, alternative optimal regions for their cultivation are likely to emerge during the
present century for the CAM crops considered in this work, which appear to be better suited than other crops to fare environmental change during the present
century.
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An increase of nitrogen deposition resulting from human activities is not only a major threat for global biodiversity, but also for human health, especially in highly
populated regions. It is thus important and in some instances legally mandated to monitor reactive nitrogen species in the atmosphere. However, deployment of
automated networks can be excessively costly for most cities so the utilization of widely distributed biological species suitable for biomonitoring may be a good
alternative. The aim of this work was thus to assess the suitability of the atmospheric CAM bromeliad Tillandsia recurvata as biomonitor of nitrogen deposition by
means of an extensive sampling of this plant throughout the Valley of Mexico, the basin where the megalopolis of Mexico City (population 20 million) is located, and
subsequent measurements of nitrogen metabolism parameters. Nitrogen content of T. recurvata was significantly higher in the city than in the countryside, the rates
of wet deposition showed no effect on the nitrogen content of this plant. In contrast, a linear relationship between the nitrogen content and the atmospheric
concentration of NOx was observed (R2=0.75). Also, the isotopic composition showed a linear relationship with the NOx concentration, plants tissues were 15N
enriched, in sites with high concentration of NOx and was depleted in less polluted sites (R2=0.5). However, in sites where the NOx concentrations were above 212
ppm, this plant was not found, which suggest that NOx in high concentrations is toxic for this plant. T. recurvata is not as good biomonitor for nitrogen wet deposition
as other biomonitors, but it is excellent for nitrogenous gases in the atmosphere. In addition, its CAM photosynthesis enables it to be physiologically active year round
to record pollution. These plants can be utilized to determine the status of the NOx emissions in regions without monitoring networks.
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Leaf physiology and the distribution of CAM tank-epiphyte bromeliads at

multiple spatial scales
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Background: Trait-mediated divergences in bioclimatic relations could represent an important pathway to the evolution and maintenance of genus-level diversity, but
there are few comprehensive studies of this effect in regional florae. To investigate this topic, we mapped the distributions of epiphytic, tank-forming CAM bromeliads
of the genus Aechmea across the Northern Range of Trinidad, a topographically and climatically heterogeneous continental island in the southern Caribbean.
Methods: Multi-season field surveys were carried out to map species distributions. Structural-functional characterisation of representative plants was undertaken,
and species distribution modelling (SDM) was performed to determine which environmental factors and species traits are involved in niche segregation. Modelled
projections of species distributions on the island of Tobago were ground-truthed, and projections of distributions under an aggressive 2070 climate scenario were
performed. Results: Distribution mapping highlighted distinct elevational and latitudinal effects on species presence and abundance, with some evidence for
vegetational effects on bromeliad distributions. Bioclimatic differentiation captured by SDM was associated with contrasting water-use strategies, stomatal sensitivity,
temperature relations, and drought responses. Many divergences in function were connected with differences in leaf structure. Projected distributions under the 2070
climate scenario suggested extreme vulnerability to upslope shifting of bioclimate envelopes in the montane species. Discussion: At a regional scale, the
distributions of CAM tank-epiphyte bromeliads across the Northern Range of Trinidad are strongly influenced by broad environmental gradients acting on species
structural and functional traits. Topography generates a complex climatic mosaic that modulates these general patterns. At the landscape scale, vegetational
composition, controlled by climatic and edaphic factors, can be important. At the scale of individual canopies, bromeliad phe notypic plasticity leads to only weak
differentiation in microhabitat preferences. This investigation highlights how interspecific variation in vegetative trait complexes related to abiotic tolerances is an
important and underexplored contributor to the ecological diversity of the Bromeliaceae. Climate change could lead to rapid loss of suitable habitat for more
environmentally-specialised species, potentially leading to extinctions.
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Seasonal and El Nino changes in LIDAR-derived LAl and leaf area profiles in an
Amazonian forest
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Background: The ecophysiological dynamics of Amazon forests influence climate through carbon and energy cycling. With drought frequency projected to increase,
improving simulations of forest drought responses in Earth System Models (ESMs) is a current priority. Insights may be gained from observations of seasonal dry
periods. Previous studies have characterised the seasonality of total leaf area index (LAI) in evergreen tropical forests but few have investigated whether seasonal
patterns of LAl differ between canopy strata. We hypothesize that the variability of plant traits with height and microenvironment gives rise to vertically structured LAl
seasonality and drought responses. Methods: We assessed seasonal patterns of LAl and vertical canopy structure across three years, including the 2015-2016 El
Nifio-induced drought, in the Tapajés National Forest, Brazil using monthly ground-based LiDAR measurements. Results: Large and opposing seasonal swings in
LAl at different canopy levels aggregated to small variations in total LAI. In all years, leaf area increased in the upper canopy during the dry season, and decreased in
the lower canopy. The trends reversed at the onset of the wet season. Seasonal changes in satellite-derived enhanced vegetation index (EVI) agreed best with
LIDAR-derived upper canopy LA, not total LAl or the lower canopy. During the El Nifio year, the seasonality of LAl and vertical canopy structure were similar to other
years, but amplified. Total LAI declined dramatically at the height of the EI Nifio. Initially, the lower canopy was most strongly affected, but towards the end of the
drought, the upper canopy lost considerable leaf area. Conclusion: Our results show that small seasonal changes in total LAl can mask more dynamic phenologies
at different levels in the canopy. Satellite-derived EVI appears to primarily capture seasonality of the canopy surface. Seasonal structural responses are indicative of
stronger drought effects. Lower canopy responses are consistent with water limitation of small trees, and the upper canopy with changes in light availability.
Significant deep soil water depletion may explain the delayed negative response of the upper canopy to drought. The dynamic nature of within-canopy structural
changes implies differences in the carbon balance of canopy strata, as aspect which could help to improve ESM predictions of seasonal patterns of productivity and
drought responses at evergreen tropical forest sites.
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Mortality of tropical dry forest tree species following an extreme drought
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Background: During the past El Nifio Southern Oscillation event, Central American region experienced the most severe drought on record. Precipitation deficits
varied regionally, but the most severe decline occurred in areas with tropical dry forests (TDF). As TDF trees species cope with recurrent seasonal drought, it is
possible that they are resistant to unusual drought. By contrast, it is possible that dry forest trees are vulnerable to drought, as their dynamics are closely linked to
rainfall. Thus, our goal was to understand the effects of an abnormal drought event on TDF tree communities, linking species responses to drought with their
physiological traits. Methods: We conducted our study in the tropical dry forest of the northwestern region of Costa Rica. We recorded tree growth, mortality and
recruitment along a period of eight years in 18 plots that span edaphic and successional gradients. Additionally, during 2015 we surveyed eight 200 m transects in
order to incorporate landscape patterns of tree mortality. Furthermore, in order to provide insight into the underpinning mechanisms determining tree mortality
patterns we collected functional traits data on the most common species (27) in our surveys. Results: We found an overall increase of mortality during the drought
from a yearly average of 3.1 to 6.2%yr-!, which correlated with the decrease in precipitation. Interestingly, 2015 mortality rates varied from 60 to 0 %yr-1 depending
upon species. Some species showed a decrease in growth rates prior to mortality, consistent with the hypothesis of carbon starvation. While there was no
preferential mortality by size class, older forests were more affected than early successional stages. Surprisingly, plant functional traits were not strong predictors of
interspecific variation in mortality rates. Discussion: A significant reduction in precipitation for two years led to a large increase in mortality, suggesting that tropical
dry forest tree species are sensitive to drought. At the same time, we found that responses are highly variable among species and possibly depend on several
physiological mechanisms working together. From our data, we propose that both mechanisms, hydraulic failure and carbon starvation, take place when species
undergo severe drought stress for long periods.
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Impact of the El Nino-Southern Oscillation on transpiration of tropical forests
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Background: There is a current lack of knowledge regarding responses of tropical forests to climate change, especially in context of extreme drought or precipitation
events. Since pan-tropical forests are among the most highly productive biomes on earth, uncertainty in climate-driven controls on their carbon and water exchange
with the atmosphere limit accurate projections of future ecosystem functioning and subsequent feedback to global climate. Large collaborative research programs
have started in recent years to address this problem, including the Next-Generation Ecosystem Experiments-Tropics project (NGEE-Tropics), whose efforts are
focused on improving knowledge of tropical forests and their response to climate in order to improve Earth System Models Here we provide a comprehensible
analysis of tree transpiration responses during the 2015-2016 El Nifio-Southern Oscillation event (ENSO) using data collected from multiple tropical research sites
with a wide gradient in annual precipitation. Methods: Sap flow data were collected during and after the ENSO event from trees representing more than 40 species
and 10 plant families across multiple sites and tropical regions. Heat pulse and Granier-style sap flow probes were installed near the base of the tree in outer
sapwood and provided an index of the ENSO impact on tree water use. We restricted our analysis to trees containing continuous measurements before, during and
after the ENSO event enabling us to determine a range of tree responses to decreasing water resources and subsequent recovery from drought stress
Result/Discussion: We found a large heterogeneity of sap flow responses during the ENSO within and among study regions. The diversity of strategies to deal with
drought stress was partially explained by species functional traits (e.g., wood density, hydraulic strategy and growth rate), background climate conditions, and
intensity of soil water depletion during the ENSO. This analysis demonstrated that the regulation of water use by trees under adverse conditions is highly variable
across regions and species in the tropics, and that more long-term experimental and modeling studies of tropical forest hydrodynamics is needed to understand their
feedback to climate.

Keywords: ENSO, sapflow, drought, diversity
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Background: Functional traits hold the promise to be used as scaling tool, by connecting plant characteristics with plant performance and ecosystem functioning.
Most trait-studies take species as units, and detect strong trait trade-offs that are linked to growth and survival. However, communities are in fact composed of
individuals and the question then, is whether individual level traits are good predictors of performance attributes relevant to ecosystem scaling, such as individual
growth. Another relevant question for scaling is how much variance there is in hydraulic traits across local hydrological environments, that are usually not in cluded in
large-scale ecosystem models. Methods: To address the first question we measured 25 traits for ~1000 individual saplings distributed across a range of hydrological
environments (from dry plateaus to waterlogged valleys) in a central Amazonian forest, and related these traits to individual sapling growth. For the second question
we measured anatomical and physiological hydraulic traits on 15 congeneric species pairs, of which one was restricted to dry plateaus and the other to wet valleys.
Results: Individual tree growth was weakly predicted by key individual traits such as specific leaf area (SLA) and wood density (WD), and was much more related to
local light conditions and the height position of the individual in the forest canopy. Species in plateaus and valleys showed consistent differences in hydraulic traits.
Plateau species had higher resistance to cavitation (P50) and WD, but lower mean total vessel area, mean vessel hydraulic diameter, sapwood area and SLA than in
valleys. Conclusion: Our results suggest that functional traits may not be a panacea for improving ecosystem models at all scales. At the mesoscale (~ 100 km2),
trait representation in the community should have converged to average optimal values for the predominant conditions, so the variation between species is diluted by
the dominance of individuals with a small set of traits. Small variation in traits at this scale imply low contribution to predictions of growth. At the same time,
recognition of contrasting traits between hydrological environments at small scales (<1 km2) may be critical for a correct scaling up of mortality responses to drought.
Therefore, the importance of traits for upscaling depends critically on the spatial scale over which models are set.
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What happens when the soil-plant-atmosphere continuum breaks down in
tropical trees?
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Background: During droughts, trees must allow their water potential (WP) to decline in sync with soil WP in order to maintain the pressure gradient that drives
transpiration. Since soil-to-leaf hydraulic conductance declines with WP, at some point of soil dryness trees are unable to extract and transport water for transpiration.
Drought mortality through hydraulic failure is commonly assumed to occur when soil water is unavailable. | tested this assumption. Specifically, | predicted that
variation among species in leaf shedding, root responses, and vapor conductance through bark leads to variation in plant WP maintenance and drought survival.
Methods: In two seasonally dry forests in Panama, | tracked cohorts of saplings for diffusive conductance, leaf area, and WP for 20 months. These data were
combined with trait data to parameterize a hydraulic transport model that predicted maximum transpiration rates. | also subje cted potted saplings to extreme drought
conditions (soil WP < -10 MPa) and measured plant WP, leaf area, and lateral root surface area. In the lab, | gravimetrically measured water-loss rates of stem
segments to calculate bark vapor conductance. Results: Among a diverse set of species, the hydraulic transport model, which assumes that trees adjust diffusive
conductance to prevent hydraulic failure, predicted actual diffusive conductance well. When droughts drove maximum transpiration rates near to zero, trees shed
their leaves. Some leafless trees continued to decline in WP, suggesting water loss from stems and/or roots. In the potted saplings, all species had reduced leaf area
during the drought, but only the species that had reduced lateral root surface area maintained high plant WP (~-1 MPa) and had high survival. Bark vapor
conductance varied among species and was similar in range to leaf cuticular conductance. Discussion/Conclusion: In seasonally dry tropical forests, low soil WP
often limits transpiration in saplings to zero. At this point, hydraulic models predict failure of the soil-canopy continuum, which is associated with plant mortality.
However, some species maintain homeostasis in WP by minimizing water loss through reduced leaf and root surface area and by relying on stored water to buffer
against inevitable water loss through bark. Incorporating these processes will be necessary to distinguish between drought dormancy and mortality in hydraulic
transport models.

Keywords: drought, phenology, hydraulics, roots, mortality
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Modeling tropical forest responses to severe drought using a constrained
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Background: The seasonally dry tropical forest (SDTF) biome is widespread in Mexico and Central America. Here, we explore whether these seasonally dry forests
are resistant to drought on timescales other than seasonal, or whether seasonal drought makes them particularly vulnerable to drought on other time scales. This
question is urgent in light of both the recent, severe El Nifio-associated drought and the fact that climate models are predicting that seasonal areas of the neo-tropics
to be drier in the 21st century than in the 20th century. Methods: We carry out our analysis with a mechanistic ecosystem model that links climate (model input) to
variations in ecosystem structure, composition, and functioning (model outputs). The model has previously been validated against observations of phenology,
litterfall, and tree growth. Here, we focus on the impact of the 2015 drought on the tropical dry forests of Guancaste, Costa Rica. This year was the driest in the 30+
year meteorological record. We analyzed tree mortality at several levels: the ecosystem, in terms of size classes, and in terms of functional groups. Model results
were compared to field observations. Finally, we evaluated model sensitivity to several mortality-relevant processes. Results: For the 2015 drought, the model
simulations were broadly consistent with the observations: plot-level mortality rates were 2-3 times higher during the drought than before the drought. Neither the
simulations nor observations show a strong dependence on size class or plant functional group. Instead, mortality rates were highest for trees with the lowest relative
growth rates prior to drought. Simulated responses were sensitivity to parameterizations of phenology, carbon storage, and mortality due to hydraulic failure.
Discussion:Conclusion: Elevated mortality rates during the drought suggest vulnerability of this system to long-term drought. This vulnerability is of great concern,
considering the predicted drying of this region. The closeness of model predictions to observations is encouraging, but further model-data comparison is warranted.
In particular, model parameterizations of hydraulic failure need improvement.
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Assessing the impact of research in tropical landscapes by scientists and local
actors
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Background: Current debates in the conservation sciences argue for better integration between research and practice, often citing the importance of the
dissemination and implementation of scientific knowledge for environmental management and policy. This talk focuses on a relatively well-researched protected area
(Madidi National Park) in Bolivia, presenting different interpretations and understandings of the local relevance and availability of research findings. We base our
analysis around the following questions: 1) In what ways was the research conducted in the region relevant for management, and to what extent was it made
accessible to local actors who could use the information? 2) How do people living and working in the region perceive different forms of research dissemination? 3)
What additional spaces exist for knowledge-exchange during the process of scientific research? Methods: We carried out a systematic analysis of all scientific
research conducted between 2004-2013 in Madidi NP, identifying 88 research projects whose principal investigators were then contacted for more information
regarding dissemination and implementation. In addition, we carried out interviews (n=137) and workshops (n=12) with local actors to better understand to
understand implications for how local actors perceive the value of research and conservation. Results: Of a total of 88 scientific research projects identified during
the systematic analysis, we were able to gather complete information on 40 projects directly from the principal investigators. 38 of the 40 projects (95%) were directly
related to conservation, ecology and/or natural resources management. We found that a majority of researchers (83%) stated in the affirmative that their project had
definite or potential implications for management of natural resources. However, we also found evidence of mismatch in terms of where and how findings were
disseminated. Interviews and workshops shed light on a high degree of misinterpretation of the objectives and outputs of scientific research, and provided alternate
interpretations of research impact. Discussion/conclusion: We discuss the critical consequences of these findings for the future of conservation science and
practice in biologically and culturally diverse landscapes, with a call to action for academic institutions to support researchers in prioritizing local dissemination
practices.
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From rural development to community organization of the territory: A four
decades experience
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The Environmental Studies Group (Grupo de Estudios Ambientales, GEA) is a multidisciplinary Mexican non-profit association formed in 1977 with the purpose to
improve relationship between humans and nature, especially focused on social - environmental problems and alternatives in rural areas. Since the beginning we
have learnt from indigenous and peasant people, continuously engaged in a dialogue with traditional agriculture and knowledge, as part of the peasant science.
Another trait has been the constant linkage with academic world, thus consolidating participatory action-research capabilities for a better understanding of social -
ecological dynamics and restraints in agricultural and forestry systems. Our first experiences in the 70's and 80's were mainly linked to sustainable community
forestry. After decades of concessions to private business, forest control was taken by communities with collective ownership over them. GEA and other groups
helped in this process. In the 90's we contributed to systematization and exchange of rural participatory experiences in Mexico and Latin America, and organized our
work around two concepts: a) Peasant Management of Natural Resources and b) Sustainable Agro-food Systems, which became two programs of GEA. Both have
been implemented for two decades in the mountains of Guerrero. The first one has undertaken actions adapted to local realitie s and decided by the communities. We
have seen that the stronger community institutions are (assembly, authorities, committees, norms and agreements), the better conserved are their natural resources
and the commons (forests, watersheds, etc.). The second one has contributed to better linkages between production and consumption in rural and urban areas, and
to healthy alimentary practices and traditional gastronomy, in an effort to counter the invasion of junk food in the country. Both approaches are complementary and
imply that the community and the peasant families are in the center, as the main actors who need to rescue their deep knowledge and memories, often hidden or
undervalued by decades of contempt, abandon and exclusion. At the same time, we have promoted innovation, based on the intertwining between different
knowledge and technical systems, in order to face new problems. As a result of these experiences, our theoretical approaches have migrated. Former rural
development concepts are being formulated as community organization of the territory.
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Who owns the question? Community directed research addressing
conservation issues in Guyana
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Background: Habitat loss and species declines driven by human activity have increased rapidly across the tropics, compelling scientists working in the world's most
biodiverse regions to delve into conservation. Meanwhile, society has become increasingly globalized and democratic, ecology moved to include humans in a
systems view of the world, and conservation has shifted towards more participatory and decentralized approaches - factors which make the integration of research
and conservation intuitive in theory, but more complicated in practice. Methods: We believe that opening up the research process to a high level of participation is
key to moving from data collection to conservation action. Encouraging participation marks an important shift from completing a research project to facilitating a
research process that may take place over multiple projects/years. We built trust early on by providing fair compensation and ample training, incorporating local
knowledge, creating opportunities for leadership development, allowing proven leaders to work independently, sharing results locally, and recognizing the unique
contributions of collaborators. As collaborators grew in their understanding and confidence, we created an environment where feedback and research ideas we
shared freely through friendly conversations about local issues and potential solutions. Once ideas were shared, support and follow through proved critical. Turning
over question generation transitioned us into the role of consultants, teachers, and facilitators in support of the development of community leaders seeking to address
important issues using a rigorous scientific approach. Results: We will discuss the process and outcomes of our partnerships with indigenous communities and
private landowners in the Rupununi Region of Guyana, highlighting efforts to explore practical aspects of local folklore, synergies between tourism, conservation and
land tenure issues, and impacts of development related to road construction and improvement, commercial hunting, conflict between livestock owners and large
carnivores, and trade in wildlife products. Conclusion: Partnerships with resource users that address conservation issues can be successfully forged through
research, but the onus for facilitating of this process falls on the researchers who must be willing to concede control over the direction of their research program to
qualified and motivated local collaborators.
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From the conservationist approach to biocultural territories: Changing the
paradigm?
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Background: One of the phenomena that currently drives environmental research is the process of environmental degradation. There is a long history of research
from which the particular experiences of human societies in interaction with their surrounding ecosystems are re-valued and re-signified and from which it is
considered viable to create alternative solutions to environmental degradation. A key reference is that of biocultural diversity, which explains the complex expressions
of cultural and biological diversity as mutually dependent and geographically coexisting. In this sense, biodiversity conservation can not be separated from its use and
nature and culture are an inseparable binomial which becomes the axis of sustainability. Some authors propose that biological conservation must be tackled from a
social and ecological perspective acquiring relevance the biocultural dimension of the territory. The present work aims to present three case studies to analyze the
conditions threatening biocultural diversity and the elements that articulate actions for their protection. Methods: The case studies were carried out in the State of
Michoacan, Mexico, in three contrasting regions: the Alto Balsas, Tierra Caliente and the Purepecha region. The research process enrolls in the Participatory Action
Research approach which in this case includes the reconstruction of environmental history, documentation of local environmental knowledge, and the perspectives
for the protection of the territory and its biocultural heritage. Results: There is a recognition that the biological diversity of the communities included in the study is the
result of the historical interaction of local societies and nature. This has a deep local value. These historical interactions also incorporates local inertia defined by
global contexts. It is recognized that biocultural diversity is threatened mainly by power relations and inequality as well as locally decontextualized production
schemes with high socio - ecological costs. In the three regions of study permanent research processes are demanded according with local needs that consolidate
local institutions, local knowledge, technological processes and evaluation and monitoring schemes. Conclusion: Biocultural diversity is framed in multiple territorial
contexts and its protection is first and foremost a process of sustainable practices and local governance schemes that is concretized through agreements between
specific social actors.
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Strategically creating spaces to integrate scientific findings into policy: A
Brazilian example
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Science only irregularly reaches public spaces and legislative debates. The value of the classically focused scientist who seeks new discoveries and a better
understanding of scientific processes is undisputed. Increasingly, however, many researchers seek to generate knowledge that is more directly useful in addressing
societal and environmental problems. What strategies might be adopted that could better translate ecological research into conservation policy? In my 18 years as a
professional forest geneticist and ecologist, | continue to be very passionate about research, curious in knowing the "whys" of biological processes. However, | have
also purposefully cultivated personal connections in the spaces where science meets public policy development and giving value to communication. From the
beginning of my research career, | have actively pursued potential partners in government agencies, universities and non-government organizations, not just at the
end of the research process, but throughout, as suggested by Jansen (2008). Early on, | was perplexed by colleague behavior at public events. Some only attended
when they received a speaking invitation. Many would give their talk and leave. | have tried to do things differently. | consider that a big part of my job as a researcher
is being physically present and mentally committed in programs, initiatives, fora, associations, consortia, work groups. | try to be present for the entire scheduled
event, and actively participate in and contribute to discussions. A key factor for moving research into policy is personal contact between researchers and
policymakers (Brownson et al. 2006), purposefully creating spaces for interactions, often, and with enthusiasm. Another key strategy in creating these spaces is to
keep an open active mind, thinking in terms of solutions, and engaging oneself in the interests of others. This active engagement generates positive energy that
connects people and connects ideas. It creates a huge network of relationships reflecting a bit of you to the world. | would say that "love" is the basis of the network.
References. Brownson, RC, C Royer, R Ewing & TD McBride. 2006. Researchers and policymakers: Travelers in parallel universes. American Journal of
Preventative Medicine 30:164-172. Janse, G. 2008. Communication between forest scientists and forest policy-makers in Europe - A survey on both sides of the
science/policy interface. Forest Policy and Economics 10:183-194.
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Background: It is widely recognized that academic graduate programs related to conservation must adapt to novel and increasingly complex socio-environmental
conditions. We present two teaching experiences, both of which aim to promote and enhance collaboration between communities, policy makers and institutions
carried out in Mexico: a) "Democratization of conservation leadership" carried out by University of Florida in collaboration Universidad Veracruzana (UV) was part of
the UV Graduate Program in Tropical Ecology, and b) UV Diploma Program "Organizational and technical basis for forestry and agroforestry management" created
and implemented by UV faculty from different disciplines, a local ONG, and local forest experts in the nahua region of Sierra de Zongolica. Methods: We used a wide
range of participatory methods in these two teaching experiences: group dialogue and reflection, historical memory-construction of collective time lines, participatory
observation, focus groups, and field-based applied activities. These programs were based on the concepts of "situated knowledge" and "democratization of
leadership". The former is a pedagogical approach that incorporates the collective construction of knowledge and the recognition that everyone possesses
experiences and knowledge to share and to learn from. Democratization of leadership is conceived as the ongoing process of enhancing and enabling the
engagement of different voices and views. Results: We identified both individual and collective outcomes. Individual participants recognized the value of their own
experiences and knowledge and appropriated new skills, knowledge and capacities. We also identified that the two teaching experiences constituted the basis of
long-term collaborations, beyond the institutional frames and projects duration. Discussion: Through the collective reflection carried out among teachers, students,
practitioners, community teachers and leaders, we identify some of the most salient outcomes of both teaching cases: a) the importance of bridging different forms of
knowledge, b) the need for solid interdisciplinary formation of students, but also of encouraging skills and values, such as empathy and listening, and c) the
importance of field-based activities, as well as learning by doing, which involves a wider and close collaboration with diverse stakeholders.
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Tree architecture influences stem respiration: 3D models to better understand
forest productivity

Alexander Shenkin®, Martin Herold2, Jose Gonzalez De Tanago?, Mathias Disney?!, Patrick Meir3, Alvaro Lau Sarmiento?, Yadvinder Malhi
1School of Geography and Environment, University of Oxford; 2Laboratory of Geo-Information Science and Remote Sensing, Wageningen University; 3Division of Plant Sciences,
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Understanding ecosystem productivity is a grand challenge in ecology. Great strides have been made in recent years, but uncertainty limits our unders tanding.
Bottom-up measurements of forest productivity can lend insight into mechanisms that top-down methods such as eddy flux cannot. A downside of bottom-up
methods are the uncertainties involved in scaling up sample measurements to the stand scale. Stem respiration is particularly vulnerable to these uncertainties of
scaling, as a measurement of few square centimeters is scaled across hundreds of square meters of a tree's surface using allometries built from a small sample of
trees in central Amazonia. Furthermore, these estimates rely on strong assumptions about the depth and distribution of metabolically active tissue (i.e. sapwood,
cambium, and phloem). Here we use 3D models of hundreds of trees derived from terrestrial LIDAR scans of a stand in Cauxiana, Brazil coupled with stem
respiration and sapwood depth measurements to improve our estimates of stem respiration. We find that tree architecture has large and predictable implications for
stem respiration, leading not only to improved stand-level estimates, but also insight into the role of architecture in life history strategy and resilience to climate
change induced temperature rise.
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Ancient Amazonian populations left lasting impacts on forest structure
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Background: Amazonia contains a vast expanse of contiguous tropical forest and is influential in global carbon and hydrological cycles. W hether ancient Amazonia
was highly disturbed or modestly impacted, and how ancient disturbances have shaped current forest ecosystem processes, is still under debate. Amazonian Dark
Earths (ADEs), which are anthropic soil types with enriched nutrient levels, are one of the primary lines of evidence for ancient human presence and landscape
modifications in settings that mostly lack stone structures and which are today covered by vegetation. Methods: We assessed the potential of using moderate spatial
resolution optical satellite imagery (MODIS) to predict ADEs across the Amazon basin. We used four indices derived from the MODIS nadir-BRDF adjusted
reflectances (MCD44A4) product, and four dry season months for the years 2004, 2005, 2009, and 2010. Maximum entropy modeling was used to develop a
predictive model using presence locations of ADEs across the basin and only satellite derived remotely sensed indices. Results: ADE sites were predicted to be
primarily along the main rivers and in eastern Amazonia. ADE sites, when compared with randomly selected forested sites located within 50 km of ADE sites were
less green and had lower canopy water content. This difference was accentuated in the two drought years, 2005 and 2010. This is contrary to our expectation that
ADE sites would have nutrient rich soils that support trees with greener canopies, with the forests on ADE soils being more resilient to drought. Biomass and tree
height were lower on ADE sites in comparison to randomly selected adjacent sites. Discussion: Our results suggested that ADE-related ancient human impact on
the forest is measureable across the entirety of the 6 million km2 of Amazonian basin using remotely sensed data. The high spatial heterogeneity in ADE sites across
the Amazon suggests that pre-Columbian occupation by indigenous people was complex, varying substantially across this ecologically diverse region.
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Measuring forest structural diversity across a degradation gradient in an
Ethiopian cloud forest.
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Background: Tropical forest degradation is a subtle process that introduces changes to forest structure and puts pressure on biodiversity. Even though satellite
remote sensing is capable of detecting forest cover changes due to deforestation, and fragmentation, it is a challenging task to capture processes such as forest
degradation (usually small scale changes under the forest canopy). Thus, mapping of vertical forest structure is required to characterize and quantify the structural
differentiation between degradation gradients. The specific objectives are: (i) assess forest structural diversity over a degradation gradient, and (ii) explore the
potential of satellite data for upscaling. Methods: The study was performed in the montane cloud forests in Kafa (Ethiopia). Plots were randomly chosen over a
degradation gradient, ranging from intact core to heavily degraded forest, including Participatory Forest Management (PFM) sites. To map the vertical structure, we
made use of a Terrestrial Laser Scanner (TLS) which has the capability of quantifying forest structure (1). The following parameters were obtained: canopy
openness, tree heights and density, Plant Area Volume Density (PAVD). Parameters from the ground based measurements are then linked to high resolution satellite
images (i.e. SPOT5 and Planet data) for upscaling purposes. Results: There is a clear difference in all TLS derived parameters over the carbon gradient, with e.g.
PAVD ranging from an average of 5.1 for intact core forest to 1.9 in heavily degraded forest. The variation in PAVD in PFM sites was high, indicting different
management (i.e. degradation) intensities. SPOT5 derived NDMI and SWIR data showed a high correlation with respect to the TLS derived PAVD, while the Planet
data was able to capture the canopy openness as measured by the TLS data. Conclusion: The results of this study were able to capture the carbon gradient ,
showing larger canopy openness fractions and lower PAVD in degraded plots, while the understory vegetation complexity in intact core forests were captured by
higher PAVD and PAI. The results from the satellite derived parameters show the potential of upscaling and mapping structural forest biodiversity over the Kafa
Biosphere Reserve. Reference. (1) Palace, M., et al. (2016) Estimating Tropical Forest Structure Using a Terrestrial Lidar. PlosOne 1-19 (2016).
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Studying lianas in the tropical forests with multiple return terrestrial lidar
measurements
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Background: Lianas are an important component of tropical forests, commonly constituting up to 40% of the woody stems and about 35% of the woody species.
Lianas compete strongly with trees for both above- and belowground resources. Tropical forests are currently experiencing large-scale structural changes, including
an increase in liana abundance and biomass. Despite the large amount of data currently available on lianas, there are few quantitative studies on the influence of
lianas on the vertical structure of the forest. Methods: Terrestrial laser scanner (TLS) is an active remote sensing technique and measures forest structure
parameters with high spatial 