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EXECUTIVE SUMMARY

1. Casefor a Global Canopy Research Program

The canopy iswhere “life meets the atmosphere”. It is where urgently needed research that is directly related to two of the
most pressing environmental challengesfacing society - global warming and biodiversity |oss- can be carried out. Forest loss
is shortening the opportunity for vital basic and applied research in thisarea. Such research isrequired of governmentswho
are signatoriesto major Conventions on theseissues. The global canopy research program we initiated should be pursued at
asignificantly higher level thaniscurrently funded, possibly on the scale of genetic and physical science projectssuch asthe
Human Genome Project and the Hubbl e space telescope. The need for specialized instrumentation and facilitiesrequiresand
could attract major funding. Participants developed a matrix that identifies existing major canopy access points and the
current state of knowledge, and concluded that additional facilities (or substantial enhancement of existing sites) are required
to provide minimum coverage of the world's major forest canopy types.

2. Current Satus of Canopy Research

The emergent field of forest canopy research has the capacity to address critical questions of great importance to humanity,
especially those relating to global environmental change and loss of biodiversity. Although canopy studies have largely
overcome technical problems of accessto the treetops, until very recently, communication among research groups has been
poor, with littleinternational co-ordination of research directions or used of harmonized methods. Field siteswith substantial
dataand canopy access systems (e.g., cranes) now exist in at least ninelocations globally, and more are planned. This meeting
identified common research interests and possible joint research effortsinvol ving harmoni zed, comparative methods. Repre-
sentatives of developing nations must be increasingly included in future planning and implementation of research and its
dissemination.

3. Purpose of Meeting

- Initiate planning for aglobal integrated forest canopy research program;

- Articulateits central research vision and goal's, and determine resources needed;

- Forge US - EU and other international partnershipsin research, outreach, training, and conservation to initiate the program.
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4, New Resear ch Questions

Parti cipants recogni zed that to address major questions and to attract sufficient fundsto answer these questions, future canopy
research must beintellectually stimulating, scientifically sound, and have relevance to human society. We generated key re-
search questions and hypotheses applicableto aglobal program of research that focused on: 1) biodiversity; 2) global pro-
cesses; 3) theory and integration; 4) structure function; and 5) socioeconomicimplications. A large-scale questionto serveas
aframework for aglobal study was proposed: “How does the structural and biological complexity of forest canopies affect
ecosystem function, persistence, and resilience?”’

5. Future Needs

-Database: A repository and exchange mechanism among researchers existing and future databases.

-Communication pathways: Enhancement and “internationdization” of theexistinglargely US-based and volunteer-run Interna:
tiona Canopy Network (ICAN) with establishment of regional and nationd liasons.

-Secretariat: A smdll group (3-4) of individualsto pursue funding and coerdinate global programs.

Improved Infrastructure: Development of 8-10 new field research sites (or enhancement of existing sites) in temperate and
tropical forest areas using cranes and other canopy access methods.

-Pathfinder Projects: Initiation of comparative studies of canopiesusing harmonized methodsthat can beimplemented globally.
-Training Programs: Courses and workshops to speed knowledge transfer and local capacity-building, located in both tropica
and temperate countries.

-Outreach Materials: Concept papersand information for distribution to potentia funders, educators, policy-makers, and conser-
vationists.

-Planning Grant: A propaosal to plan for and seek funds for.amajor global canopy research program.

-Commitment to an I nternational Scope and Participation: Efforts to enhance the involvement of participantsfromall nations,
particularly thosein devel oping countries.

6. Fund-raising Approaches

The goals of the global canopy research program are congruent with several potential .funding sources. Links should be
mai ntai ned with the European Science Foundation (ESF) and the National Science Foundation (NSF), and initiated with other
international bodies (e.g:, the I nternational Union of Forest Research Organization, the European Tropical Forest Research
Network, The Ecological Society of America). A proposal for an initial planning grant (US$300-500K) to cover costs of a
Secretariat to pursuefunding for aglobal program will be devel oped by theworkshop co-convenors.

7. Scheduleof |mplementation

-Mar 2000 - Disseminate workshop report

- Apr 2000 - Planning Grant proposal

- Jan 2001- Article in.Science or Nature

-Jul 2001 - Main Proposal

-Nov 2001 - Announcement of Global Canopy Program in Cairns, Australia:

8. Allocation of Tasks

Theworkshop organizers agreed to co-ordinate the Planning Grant proposal. Dr N. Stork’sgroup and ICAN isorganizing the
Cairns Conference. All participants’ nameswere added to the ICAN database and they agreed to act asrepresentativesin their
own countries. It was emphasized that future meetings and actions must be made accessibl e to participants from other coun-
tries, particularly devel oping countries.

9. Acknowledgments
Participants numbering 29, mainly from the EU and USA,, were funded by grantsfrom ESF Tropical Canopy Research program
and the NSF International Programs Office (INT 9981531).

[Editor 'sNote: Thisisthefinal report for a Forest Canopy Resear ch Planning Wor kshop. Thefull document, with appendices
that contain details on participants and discussions is available by contacting the ICAN office by email
(<canopy@elwha.ever green.edu>) or by regular mail (seeaddresson theback cover of thisnewdetter).]
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[. INTRODUCTION

Theforest canopy has been termed “the last biotic frontier”,
and is one of the richest but most poorly studied habitatsin
our biosphere. The canopy is the place where life meets the
atmosphere, and where atremendous amount of sunlight en-
ergy istransformed, stored, and transferred vialitterfall, her-
bivory, and harvesting. The canopy isthe setting for record-
ing biological diversity and building factual foundations to
answer basic questions about evolution and ecology. Forest
canopies also provide many valuesthat are aesthetically and
spirtually important to humans. Solutionsto current environ-
mental and social issues at regiona and global scales (e.g.,
sustainable forest use, global climate change, loss of
biodiversity) are related directly to our knowledge of forest
canopies.

Study of the forest canopy has reached acritical stageinits
devel opment, being transformed from ayoung field based on
descriptive studies carried out by individual researchers, toa
vibrant and emerging field of investigation that is increas-
ingly experimental and predictivein nature. Communication
of research results are extending to allied scientific fields,
decision-makers, and the general public. Groups of research-
ers are just now beginning to coalesce across national and
traditional disciplinary borders.

As part of this process, two international canopy research
meetingswere held in 1998. Resultsfrom those meetingsin-
spired agroup of European and North American canopy re-
searchersto conveneaworkshop toinitiate aglobal integrated
program in forest canopy research. In November, 1999, 29
scientists from nine countries participated in the workshop,
which washeld in Oxford, U.K.

The goals of the workshop wereto:

- initiate planning for a global integrated program in forest
canopy research;

-articulate acentral research vision and develop aset of long-
term, broad-scale research hypotheses and questions for
canopy scientiststo address;

- determine the technical tools and research resources needed
to answer these questions; and

- forge partnerships and communication pathways for col-
laborative research projects that are based on harmonized
methods and result in accessible research databases.

Support for European participants came from the Tropical
Canopy Programme of the European Science Foundation
(ESF), and for North American participants, from the Inter-

national Programs section of the National Science Founda-
tion (NSF). Because these funding sources constrained sup-
port to a limited number of scientists from specific coun-
tries, weinitiated the meeting by recognizing that the partici-
pants at the workshop represent only a subset of the exper-
tise and activities of canopy researchers around the world.
We agreed that this meeting would serve as a starting point
from which scientistsfrom other countrieswill have numer-
ous opportunities to contribute, both in future meetings and
viaelectronic communication. To broaden the input beyond
theimmediate participants at the conference, we established
awebsite prior to the workshop to disseminate preparatory
documents, gather input from those not at the meeting, and
to distribute the meeting reports following the workshop
(www.evergreen.edu/ican).

This report summarizes the major activities and decisions
made at the meeting; more detailed appendices are attached.
_ Participants at the
workshop reviewed a
- draft report. This re-
= vised report will be
disseminated via the
~i%. newsletters, email
& bulletin boards, and
& websites of the Inter-
national Canopy Net-
work and other re-
M search organizations

# (eg., Ecologica Soci-
ety of America, Euro-
pean Tropical For-
s estry Research Net-

a® \ork, Organization
for Tropical Studies,
International Union of

ganization).
[I. MEETING ACTIVITIES

A. SUMMARY OF EXISTING RESEARCH

Participants first summarized the state of the art of canopy
research to identify subject areas and geographical locations
that have been studied and to recognize topics and regions
that remain understudied or unknown. To establish a com-
mon knowledge base, G. Parker presented set of definitions
of the canopy and described the importance of its study, the
scientificfieldsthat contributeto our understanding of canopy
organisms and processes, and recent trends in canopy re-
search. Theseinclude multi-disciplinary work, application
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of experimental and modelling approaches, use of multiple
study sites, and work at larger spatial scales using remote
sensing technol ogy.

Anoverviewof past and current research and costs of opera-
tions at five access-based research sites was presented:
Smithsonian Tropical Research Institute cranes (Panama),
Wind River crane (Washington State), Suromoni crane (Ven-
ezuela), Tropical Rain Forest Centre crane (Australia), and
the Canopy Operation Permanent Access System (COPAS,
French Guiana).

Representatives of ongoing canopy research groups reported
their foci and activities: the [UFRO Canopy Processes/Physi-
ology group, the Long-term Ecological Research group
(NSF), and the Canopy Science Database project. These de-
scriptions and examples provided models and helped avoid
redundancy for the integrated research visions we created
later in the workshop.

Consideration was also given to the history of other more
“mature” fields of scientific endeavor and global research
projects (Human Genome Project, Hubble Telescope, Plant
Genome Project) to guide usin our quest to develop our field
inthemost efficient manner possible. We reviewed retrospec-
tive articles and integrated websites that were referred to us
by senior researchersinvolved with thosefields. Welearned
that the devel opment of theselarge-scale projectshasrequired:

- scientific and communication efforts on the order of de-
cades that drew upon a cadre of scientists who channeled
their individual research efforts towards the common good
of the research community;

- organization of inclusive meetingsto create consensua docu-
ments that articulated scientifically sound and clear, easily
accessible strategic plans;

- establishment of training programs at the undergraduate,
graduate, and technical/practitioner levels;

- accumulation of a critical mass of data accessible to mul-
tiple researchersthat allows patternsto emerge and predic-
tions to be made and tested,;

- management of data and accompanying metadata to ensure
the preservation, availability, and interpretation of information;
-timely coincidence of aperceived need for research in that
field (i.e., the perception that there were direct benefits of
basic research in that field for humans);

- technological breakthroughsthat overcame previouslimi-
tationsin collecting or analyzing data;

- maintenance of a coordinating body that included active
scientists and individual swho are excellent communicators
to policy makers and the general public.

We agreed that thefield of canopy research ismoving toward
a“jump” in scale, approaches, and activities.

B. IDENTIFICATION OF OBSTACLESAND NEEDS

Obstacles to making progress in a global canopy research
program wereidentified, whichfell into three classes:

- Technical/logistical issues (e.g., inadequate training pro-
grams, lack of easily used three-dimensional visualization
tools, insufficient infrastructure at research sites);

- Intellectual/academic issues (e.g., inability to make sound
transformations between spatial scales, pseudoreplication of
within-tree study plots); and

- Other issues (e.g., lack of perceived relevance of canopy
research from the public, a bias towards study sites in pri-
mary forests (rather than managed or second-growth forests)).

The group also generated a list of needs and functions to
coordinateaglobal canopy research program. Theseinclude:

- maintenance of communi cation pathwaysamong researchers,
e.g., newdetter, email bulletin board, meetings, symposia;

- establishment and maintenance of along-term datarepository
for access and exchange of databases on: canopy researchers,
projects, funding sources, study sites, datasets with accompa:
nying metadata, methodol ogies, visudization and analysispro-
grams, scientific citations, video images, and popular articles;
- coordination of training programs;

- harmonizing reseerch protocol swithinand acrossforest gudy sites;
- creation and dissemination of education/outreach and public
relations material sto decision-makersand the genera public.

C. ARTICULATION OF RESEARCH QUESTIONS AND
HYPOTHESES

A key function of theworkshop wasto identify a set of ques-
tions and hypotheses that researchers can jointly address by
implementing aglobal canopy research program. We gener-
ated alist of these questionsfromindividuals, and then orga-
nized them into fivethemesthat were discussed in small work-
ing groups. Subjectswere: 1) biodiversity; 2) globd processes;
3) theory and integration; 4) structure-function linkages, and
5) socio-economic implications. Thetask of each group was
to refine the questions and integrate them into our proposed
global canopy research program by discussing and reporting
upon thefollowing questions:

-Wheat large-scal e programs and resources do we need?
- What resources do we aready have for these programs?
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- How do these programs address societal interest and glo-
bal concerns?

Common themesacrossall of theworking group reportswere:
- infrastructure with a permanent staff is needed to support
the research communication;

- field sites must be linked, and methods of data collection,
storage, and analysis should be harmonized to allow for
comparative research;

- databases and datarepositorieswith common “join points”
are needed to store and exchange data.

We also articulated alarger, more general research question
that would elevate aspects of thisdiscussion to asubstantial
intellectual level, justify expansion of the current number and
types of sites, coordinate individual findings, create acom-
mon data management systems, and devel op cross-system,
interdisciplinary research efforts. Thisgeneral question can
serveasaframework for proposalsto agencies such asNSF,
which seek exciting, scientifically sound issuesto fund.

How doesstructural and biological complexity affect eco-
system function, persistenceand resilience? Therangeof
complexity among forest canopiesmakethem ideal labo-
ratoriesto discover new speciesand processes, to test eco-
logical principlesunder compar ative conditions, to develop
new theoretical frameworks, and to identify innovative
forest management strategies.

D. APPROACHES TO INITIATE A GLOBAL CANOPY
RESEARCH PROGRAM

Werecognized that we can aready begin to addresssome of the
questions raised at the workshop by drawing on the growing
body of scientific information on forest canopies and existing
field sitesthat have access mechanisms. Wedevel oped aframe-
work fromwhich to build further, which wetermed the* Global
Canopy Research Matrix” (Table 1).

Wetallied the types of datathat do and do not exist for fields of
study at canopy research sites that represent a variety of cli-
matic regimesand forest structural types. Thismatrix will help
guideusin prioritizing forest typesin which particular types of
research should be proposed in order to carry out comparative
research.

Wenoted that many other activelong-termresearch sitesat which
researchersstudy the canopy aready exist - particularly for eco-
physiology and functional studies, e.g., boreal forests of
Scandinavia, sites in the Free Air Carbon Emisson (FACE)

Table 1. Global Canopy Research Matrix

Acess systems, research concentration, and ecol ogical back-
ground of existing forest canopy research centrers presented
as atable with research centers by column and resource cat-
egories by row. The areas of research concentration are di-
vided into measurements of canopy structure, the diversity
and ecology of canopy inhabitants, and significant canopy
processes. Theintensity and variety of availableinformation
isindicated with qualitative classes.
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project, and the forested Euroflux and Ameriflux sites (>60).
We recognized that we have valuable canopy researchthat is
aready being placed in ecosystem and regional contexts, and
it may be beneficial to initiate or enhance species and
biodiversity studies at these sites, as well asinitiating new
Sites.

We brainstormed ideas for projects that would draw upon a
set of sites with harmonized techniques. Dr. G. Parker de-
scribed astudy that characterized the vertical and horizontal
light environment using asimple balloon technique at severa
of the existing sites, and could be carried out at others. The
project resulted in quantitative light profilesacrossforests of
very different structureand composition, which revealed some
exciting results about the energy-capturing capacity of forest
canopies. Other such studiesinclude vertebrate exclosure ex-
perimentsto determine theimportance of vertebratesin con-
trolling herbivory, structure/function relationships across a
canopy structural diversity gradient withinasinglebioregion,
and use of LIDAR technology to quantitatively describe and
visualize canopy structure at thelandscape level.

We al so discussed the need for aset of databases that would
make such comparative datasets and other canopy research-
related information accessible to the international cadre of
canopy researchers. Dr. J. Cushing outlined preliminary work
sheand her colleagues have been doing in collaboration with
active canopy researchersin the USA, and invited othersto
augment and refine these databases.

We discussed general approaches to raising funds for this
major canopy program. Dr. W. Moomaw outlined hiswork
with the US$6 billion Intergovernmental Panel on Climate
Change. He pointed out that relying solely on sentiments con-
cerning “arbophilia’ or “beetlemania’ may not resultinsig-
nificant funding. Rather, we must demonstrate both intellec-
tual and applied significancein aglobal proposal. Thispro-
cessshould follow the standard pattern of observation: theory:
modeling: prediction.

The canopy hastheideal combination of the excitement of an
undiscovered world, considerabl e application, and the need
for major hardware to get the job done. Thiskind of combi-
nationiswhat has succeeded in the past in other fields. Canopy
studies can help governmentsimplement Conventionson cli-
mate change and biodiversity; linksto major existing treaties
isalso an advantage. Agenciesthat coordinate research that
may appear to be outside of forest canopy studies should
also betapped, e.g., NASA needs applicationsfor its space
hardware and could become an ally for this program.

E. ENHANCEMENT OF A COORDINATING RESEARCH
BODY

One of the primary needsidentified for our research community
isthe maintenance and enhancement of acoordinating organiza:
tion that can provide infrastructure and staff to maintain avenues
of communication, serve as arepository of data and resources,
and coordinate and integrate research at different study sites (see
Section1.B).

There was consensus that these needs should be met by expand-
ing the existing USA-based International Canopy Network
(ICAN), a non-profit organization whose mission is to enhance
communi cation among forest canopy researchers, educators, and
conservationists. Workshop participants recognized that US sci-
entists dominate its current membership, and that efforts are es-
sentia to “internationalize’ the group, expanding to include the
extensive canopy research network in Europe and the significant
groups in Japan and elsewhere. ICAN should be developed to
include key representativesfrom centers of expertisein devel op-
ing nations, especially those with tropical forests. A subset of
individual sat the meeting agreed to serveasliasonsfor their coun-
tries, and recommendations were made for countries that were
not represented at the workshop.

The proposed structure for this coordinating body would be a
“centributed” organization with one (or possibly two) headquar-
ters. We would extend the existing structure of the ICAN, which
has non-profit 501(c3) status. Governanceiscurrently by aBoard
of Directorssarving three-year terms, with aPresident, Vice-Presi-
dent, Secretary, and Treasurer. An Advisory Board consisting of
members with expertise ranging from environmental law to
childrens' education, pro-
vides oversight to the
Board of Directors. An
Executive Direct and/or
higher Assistant would
implement programsand
M beresponsblefor opera
tions, with input from the
Board of Directors and
the Advisory Board. Re-
giona coordinators will
provide links for broad
geographica areas(North
America, South America,
Africa, Asia, Europe).
Country liasonswill pro-
vide more local contact
withthemembersat large.
Aswith current
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ICAN practices, theBoard will meet annually toreview progress
and chart futureplans. ICAN representativeswould have apres-
enceat national and international meetingsrelating to research,
education, and conservation, and function asthe global profes-
siond body for thoseinvolved with forest canopies (Fig 1).

High priority for post-workshop actionswas placed on investi-
gating meansof ongoing support for thiswork. Several partici-
pantsvolunteered to draft aproposal and budget and to approach
potentia funding sourcesimmediately after themeeting.

A. COMPOSTION OF AJOINT RESOLUTION:
Participants jointly composed and refined the following joint

resolution, which could serve asthe core of astrategic plan for
our research community:

\Whereas. Forest canopiesarecrucia to biosphere health because
they house the photosynthetic machinery of the biosphere, influ-
encetheexchange of energy and matter with theatmosphere; and
maintain habitat for organisms, and arein peril of lossand frag-
mentation due to human activities,;

Whereas: little is known of forest canopy organisma diversity,
interactions, and functions in ways that allow explanation and
prediction;

\Whereas. the study of canopies has emerged as a vigorous area
of scientific study that has grown from individuaistic effortsto
aninterconnected field with abroad array of powerful accesstools,
methods, and focused objectives that has become increasingly
organi zed, interdisciplinary, and mechanistic in outlook;
\Whereas. the study of forest canopies has a clear potentia for
making a contribution to policy and management issues, main-
tai ning global biodiversity, global environmental conditions, and
the sustainability of forests.

\We propose an integrated coordinated study of canopies
across major environmental and management gradientsto
investigate therole of forest canopiesin maintaining global
biodiversity, global environmental conditions, and the
sustainablility of forests.

To dothis, wewill develop aninternational, interdisciplinary re-
search and outreach program built around an existing coordinat-
ing body (the International Canopy Network), and anetwork of
existing and proposed study sitesacrossforest biomesand man-

agement systems.

G. NEXT ACTIONS AND ACTIVITIES

Participantsidentified aset of planning and implementation ac-
tivitiesto be undertaken within the next two years, and deter-

mined atime scheduleand individual sresponsibleto carry these
out. One key activity isthe organization and planning for the
next international canopy conference, to beheld at the Tropical
Rainforest Research Centre (the site of the Australian canopy
crane) in November 2001. N. Stork, the Director, made a plea
for help with the planning, especially to raise funds to support
scientists from devel oping countries. He proposed that staff at
the ICAN beresponsiblefor asmuch of thelogigtical planning
aspossible. Other interim meetingsare planned in various parts
of the world, and these will ensure continued contact among
membersof the canopy research community.

1. WORKSHOP OUTCOMES AND ACCOMPLISH-
MENTS

A. CONFLUENCE WITH RESEARCH STRATEGIES OF
OTHERINSTITUTIONS

We recognize that our research goals are congruent with objec-
tivesof severd mgjor internationa scientificinitiatives. Weagreed
to pursue funding opportunities from these and other sources.

1) Themissionswearticulated areclosdly tiedtothegenera stra-
tegic goal of the National Science Foundation, to * promote the
discovery, integration, dissemination, and employment of new
knowledge in service to society”. Our research objectives are
congruent with the specific goalsof NSF srecent Biocomplexity
Initiative. Biocomplexity refersto phenomenathat result from
dynamic interactions among the biological, physical and socid
components of the Earth’s diverse environmental systems.
Biocomplexity arisesfromtheinterplay betweenlifeanditsen-
vironment, i.e., fromthebehavioral, biological, social, chemical
and physical interactionsthat affect, sustain, or are modified by
living organisms, including humans.

2) Themission of the European Science Foundation is“to pro-
mote high quality science,... facilitating cooperation and col-
laboration of European science on behalf of itsprincipal stake-
holders, and providing scientific leadership through itsnetwork-
ing expertise and by ensuring that there is a European added
vauetoal of itsinitiativesand projects.” Theworkshop itself
fulfilled thismission by bringing together European and North
American researchers, and providing the opportunity to forge
collaborative research projects across continentsin thefuture.

3)In 1991, The Ecological Society of America put forth the
Sustainable Biosphere I nitiative (SBI), an initiative that “fo-
cuseson the necessary role of ecological scienceinthewise man-
agement of Earth’ sresourcesand the maintenance of Earth’slife
support systems.” They recognized that “many of the environ-
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mental problemsthat challenge human society are fundamen-
tally ecological in nature, so ecological understanding of com-
plex phenomena is essential if society is to anticipate and
amelioratethe environmental consequences of human activi-
ties.” They established threeresearch priorities: global change,
biological diversity, and sustainable ecological systems. All
three of these prioritiesare congruent with the areas of forest
canopy research that emerged from this workshop.

B. SUMMARY OF OUTCOMESAND ACCOMPLISHMENTS
OF THE WORKSHOP:

Consensus on the compelling need for a global integrated
program of canopy research;

- Agreement to put forth effort to be asinclusive as possiblein
the global canopy research planning and implementation pro-
cesses, especidly to bring together representative scientistsfrom
tropical and devel oping countries;

- 1dentification of common researchinterestsand joint research
efforts to test particular hypotheses that would involve com-
parative and harmonized research;

- Re-affirmation that theexisting I nternational Canopy Network
should bethe coordinating body of the globa research program;

- Establishment of aroster of researchers from representative
countrieswho will takeresponsibility for coordination and com-
munication

- Development of an action plan with atimeline and budget;

- Fostering a sense of urgency, collegiality, cooperation,
and responsibility among an international cadre of canopy
researchers
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FunpING OPPORTUNITIES

World Environment and Resources Program. This pro-
gramwascreated by The John D. and Catherine T. MacArthur
Foundation to address issues in tropical ecosystems of glo-
bal change, conservation, education, and sustainable devel-
opment. Grantsare provided in such areas asbiological in-
ventory, biogeography, ecological research, education, and
conservation studies. Contact: The John D. and CatherineT.
MacArthur Foundation, 140 South Dearborn Street, Suite
1100, Chicago, IL 60603, USA; Phone: (312)-726-8000;
<<http://www.macfdn.org/index.htm>>.

Center for Field Resear ch funds projectsto investigate and/
or preservethe physical, biological, and cultural heritage of
the planet. Areas of possible funding include deforestation,
sustainable agriculture programs, and projects designed to
study therole of biodiversity and loss of speciesin thefunc-
tioning of ecosystems. Interdisciplinary and multinational
projects are encouraged. Contact: The Center for Field Re-
search, 680 Mount Auburn Street, P.O. Box 1904, Watertown,
MA 02272, USA; Phone: (617) 926-8200; Fax: (617) 926-
8532; <<www.earthwatch.org/cfr/cfr.ntml>>.

Organization for Tropical Studies is dedicated to educa
tion, research, and the wise use of natural resources in the
tropics. OTS provides grants for U.S. and Latin American
graduate students doing graduate field research in tropical
biology and related fields to promote interchange of profes-
sionalsfor biological research and education. Research can
be performed at OTS field stations in Costa Rica or other
locations. Contact: Organization for Tropical Sudies, Inc.
(OTS), North American Headquarters, Box 90630, Durham,
NC 27708-0630, USA; Phone: (919) 684-5774; Fax: (919)
684-5661; In Costa Rica: Phone: (506) 240-6696; Fax: (506)
240-6783; <<http://www.ots.ac.cr/>>.

TheForest Research InstituteMalaysia (FRIM) Research
Fellowship Grant provides funding for prominent scientists
to conduct research in collaboration with members of the
FRIM on forestry and forest products in Malaysia. Grants
areawarded up to US$10,000 aswell asreturn air and living
accomodations. The program also awards fellowships for
postgraduatesto perform research at the FRIM. Contact: The
Forest Research Institute Malaysia (FRIM), Kepong, 52109
Kuala Lumpur, Malaysia; Phone: (603) 634-2633; Fax:
(603) 636-7753; <drsalleh@frim.gov.my>.
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ANNOUNCEMENTS

A Coleopteralist-servisnow availablefor group discussions
and an up-to-dateinteractive caendar of events. To subscribe,
visit: <<http://imww.egroups.convlist/coleoptera/>> or send
anempty emall to: < coleoptera-subscribe@egroups.con.

Southeast Environmental Research Center (SERC),
of Floridalnternational University, promotes, coordinates,
and conductsinterdisciplinary environmental research on
tropical and sub-tropical ecosystemsin the southeastern
United States and the Caribbean. Contact: Leonard J.
Scinto, Ph.D., Southeast Environmental Research Cen-
ter, Florida International University, Miami, FL 33199
USA; Phone: 305-348-1965; Fax: 305-348-4096;
<scintol @fiu.edu>; <<http://www.fiu.edu/~serc/>>.

The Iracambi Atlantic Rainforest Research Center, in
Minas Gerais, Brazil, providesthefacilitiesfor visiting re-
searchers. The Center also acts asafocal point for aforest
land management program with local communities, inwhich
relevant research from the Center and elsewhere is applied
in the development of sustainable land management prac-
tices and policies. Thiswork is carried out by Amigos de
Iracambi, aregistered civil association (NGO). Amigosaso
workswith local communities, associations, and schoolsto
highlight environmental conservation, deforestation and other
related issues. Contact: Robin Le
Breton;<research@iracambi.com>;
<<www.iracambi.com>>.

The Smithsonian Institution’s Monitoring and As-
sessment of Biodiversity Program is offering two
courses in Washington D.C. for conservation biologists,
educators, ecologists, resource managers, and environ-
mental leaders. The Biodiversity Assessment and Moni-
toring for Adaptive Management course, (May 14-Junels6,
2000) isan intensive 5 week guide through the process of
designing and implementing local and regiona biodiversity
monitoring programs. The Environmental Leadership
course (September 10-22, 2000) stresses essential com-
munication skillsand strategiesto facilitateinteraction with
managers, decision-makers, and resource personnel. Con-
tact: Christopher Ros, SI/MAB Program, Smithsonian
Institution, National Museum of Natural History, 10th
and Constitution Ave NW, Washington, D.C., USA,
20560-0180; Phone: 202-786-3116; Fax: 202-633-
8918; <cjr@ic.si.edu>; <<www.si.edu/simab>>.

M EETINGS OF | NTEREST

Challenges And Limitations Of Optimality Approach
In Plant Ecology. Hyytida, Finland. April 9-12, 2000.
This workshop at the Hyytidla Forestry Field Station of
Helsinki University will review recent advances in the
application of the optimality approach in plant ecology
and examine the problems and challenges facing the use
of the approach in botany. Contact: Maarit Raivonen;
< Maarit.Raivonen@hel sinki.fi>.

Annual Meeting of The Association of Tropical Biol-
ogy. Indiana, USA. June 23-27, 2000. Thiswill beajoint
meeting of The Association of Tropical Biologists, The
Society for the Study of Evolution, The Society of Sys-
tematic Biologists (SSB), and The American Society of
Naturalists. Talks, symposia, and poster sessions will
cover topics such as adaptation and applied evolution.
Contact: Michael J. Wade, Department of Biology, Indi-
ana University, Jordan Hall 142, 1001 E. Third Sreet,
Bloomington, IN 47405-3700; Phone: 800-933-9330;
<mjwade@indiana.edu>; <<http://atb.botany.ufl.edu/
index.html>>.

World Conference on Natural Resource M odeling.
Wageningen, Netherlands. June 26-30, 2000. The theme
of this meeting of the Resource Modeling Association
(RMA) isThe Ecology of Scale. This conference will ad-
dressthe importance of scale to the understanding of eco-
logical systems. Though the emphasiswill be on spatially
explicit models any topic will be considered. Contact:
<<http://www.slm.wau.nl/natcons/RMAconf/>>.

I ntegrating Geogr aphic Information Systems (Gl S) and
Environmental Modeling. Alberta, Canada. September
2-8, 2000. This 4th International Conference on Integrat-
ing GIS and Environmental Modeling will addresstherole
of GISand modeling in understanding human-environment
interactions. The intent of the conference is to improve
predictive methods and techniques, including types of
guantitative models for environmental problem solving.
Contact: Conference Director, Dr. Bradley Parks, Coop-
erative Institute for Research in Environmental Sciences
(CIRES), Campus Box 216, University of Colorado, Boul-
der, Colorado, USA, 80309-0216; Phone: 303-497-6330;
Fax: 303-497-6513; Conference Secretariat
<Gl SEM4@colorado.edu>; <<http://www.col orado.edu/
research/cires/banff/>>.



\ol. 6 No. 2

Winter, 2000

RECENT CITATIONSIN CANOPY SCIENCE

[Ed. note: Sincethereis no central journal on canopy science, it is useful
to publish citations on canopy studies in the recent literature. Some of
the papers listed below were obtained from ICAN subscribers sending in
reprints; most were discovered through monthly literature searches
(AGRICOLA, CAB, and FORESTRY ABSTRACTS).

CaNopPY PLANTS

Andrade, J.L., and PS. Noble. 1997. Microhabitats and water relations of
epiphytic cacti and fernsin alowland neotropical forest. Biotropica29:261-
270.

Caballé, G. 1998. Le port autoportant deslianestropicales: une synthese des
strategiés de croissance. Canadian Journal of Botany 76:1703-1716.

Kause A., V. Ossipov, E. Haukioja, K. Lempa, S. Hanhimé&ki, and S. Ossipova.
1999. Multiplicity of biochemical factorsdetermining quality of growing
birch leaves. Oecologia120:102-112.

Mathiasen, R. L. 1998. Comparative susceptibility of conifersto larch dwarf
mistletoein the Pacific Northwest. Forest Science 44:559-568.

Roques, A., S. Markalas, G. Roux, Y. Pan, J. Sun, and J. Raimbault. 1999.
Impact of insectsdamaging seed cones of cypress, Cupressus sempervirens,
innatura standsand plantations of southeastern Europe. Annals of Forest
Science 56:167-177.

Thompson, J.D., S. Dent-Acosta, P. Escobar-Paramo, and J.D. Nason. 1997.
Within-crown flowering synchrony in strangler figs, and itsrelationship
toalofusion. Biotropica29:291-297.

CANOPY STRUCTURE

Culvenor, D.S., N. Coops, R. Preston, and K.G. Tolhurst. 1998. A spatia
clustering approach to automated tree crown delineation. Pp. 67-80 in
D.A. Hill and D.G. Leckie, eds. Automated i nterpretation of high spatial
resolution digital imagery for forestry. Natural Resources Canada, Cana-
dian Forest Service, Pacific Foresry Centre, Victoria.

Hatta, H., H. Honda, and J.B. Fisher. 1999. Branching principlesgoverning the
architecture of Cornuskousa (Cornaceae). Annals of Botany 84:183-193.

Prothero, J. 1999. Scaling of tree height and trunk diameter asafunction of
ring number. Trees 14:43-48.

Sabatier, S., D. Barthelemy, I. Ducousso, and E. Germain. 1998. Modalites
d'allongement et morphologie des pousses annuelles chez le noyer
commun, Juglansregia L. ‘Lara (Juglandaceae). Canadian Journal of
Botany 76:1253-1264.

Sillett, S. C. 1999. Treecrown structure and vascular epiphytedistributionin
Sequoia sempervirensrain forest canopies. Selbyana 20:76-97.

Solberg, S. 1999. Crown condition and growth rel ationships within stands of
Picea abies. Scandanavian Journal of Forest Research 14:320-327.

Stenberg, P, T. Kangas, H. Smolander, and S. Linder. 1999. Shoot structure,
canopy openness, and light interceptionin Norway spruce. Plant, Cell and
Environment 22:1133-1142.

Yang, X., J.J. Witcosky, and D.R. Miller. 1999. Vertical overstory canopy
architecture of temperate deciduous hardwood forests in the eastern
United States. Forest Science 45:349-358.

CaNoPY VERTEBRATES

Andersen, E. 1999. Seed dispersal by monkeys and the fate of dispersed
seeds in a Peruvian rain forest. Biotropica 31:145-158.

Darveau, M., L. Belanger, J. Huot, E. Méancon, and S. DeBellefeuille.
1997. Forestry practices and the risk of bird nest predation in a bo-
real coniferous forest. Ecological Applications 7:572-580.

Hamann, A., and E. Curio. 1998. Interactions among frugivores and
fleshy fruit trees in a Philippine submontane rainforest. Conserva-
tion Biology 13:766-773.

Latta, S.C., and J.M. Wunderle, Jr. 1998. The assemblage of birds for-
aging in native west indian pine (Pinus occidentalis) forests of the
Dominican Republic during the nonbreeding season. Biotropica
30:645-656.

Lindenmayer, D.B., R.B. Cunningham, M.L. Pope, and C.F. Donnelly.
1999. The response of arboreal marsupials to landscape context: a
large-scal e fragmentation study. Ecological Applications 9:594-611.

Summers, R.W., and R. Proctor. 1999. Tree and cone selection by cross-
bills Loxia sp. and red squirrels Sciurus vulgaris at Abernethy for-
est, Strathspey. Forest Ecology and Management 118:179-182.

Whitney, K.D., M.K. Fogiel, A.M. Lamperti, K.M. Holbrook, D.J.
Stauffer, B.D. Hardesty, V.T. Parker, and T.B. Smith. 1998. Seed
dispersal by Ceratogymna hornbills in the Dja Reserve, Cameroon.
Journal of Tropical Ecology 14:351-371.

Whitney, K.D., and T.B. Smith. 1998. Habitat use and resource track-
ing by African Ceratogymna hornbills: implicationsfor seed dispersal
and forest conservation. Animal Conservation 1:107-117.

FOREST-ATMOSPHERE | NTERACTIONS

Bowling, D.R., A.A. Turnipseed, A.C. Delany, D.D. Baldocchi, J.P.
Greenberg, and R.K. Monson. 1998. The use of relaxed eddy accu-
mul ation to measure biosphere-atmosphere exchange of isoprene and
other biological trace gases. Oecologia 116:306-315.

Grulke, N.E., and L. Balduman. 1999. Deciduous conifers: high N depo-
sition and O, exposure effects on growth and biomass allocation in
Ponderosa pine. Water, Air, and Soil Pollution 116:235-248.

Kerzenmacher, T., and B. Gardiner. 1998. A mathematical model to
describe the dynamic response of a spruce trees to the wind. Trees
12:385-394.

| N\VERTEBRATES

Adis, J., Y. Basset, A. Floren, PM. Hammond, and K.E. Linsenmair.
1998. Canopy fogging of an overstory tree-recommendationsfor stan-
dardization. Ecotropia4:93-97.

Behan-Pelletier, V., and N. Winchester. 1998. Arboreal oribatid mite
diversity: colonizing the canopy. Applied Soil Ecology 9:45-51.

Ichisawa, K., N. Kaneko, V. Behan-Pelletier, and J. Aoki. 1999. Arbo-
real oribatid fauna of Japanese red cedar (Cryptomera japonica).
Bulletin of the Institute of Environmental Science and Technology,
Yokohama National University 25:49-53.

Mapongmetsem, P-M., B. Duguma, B.A. Nkongmeneck, and H. Puig. 1998.
Déterminisme de la défeuillaison chez quelques essences forestiéres
tropicales du cameroun. Rev. Ecol. (Terreet Vie) 53:193-210.

Schowalter, T.D., and L.M. Ganio. 1998. Vertical and seasonal varia-
tion in canopy arthropod communities in an old-growth conifer for-
est in southwestern Washington, USA.. Bulletin of Entomological Re-
search 88:633-640.

Schowalter, T.D., and L.M. Ganio. 1999. Invertebrate communitiesin a
tropical rainforest canopy in Puerto Rico following Hurricane Hugo.
Ecological Entomology 24:191-201.
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Walter, D.E., and V. Behan-Pelletier. 1999. Mites in forest cano-
pies: filling the size distribution shortfall? Annual Review of En-
tomology 44:1-19.

Yanoviak, S.P. 1999. Effects of Micstogater spp. (Odonata:
Pseudostigmatidae) and Culex mollis (Diptera: Culicidae) on lit-
ter decomposition in neotropical treehole microcosms. Florida En-
tomologist 82:462-468.

Yanoviak, S.P. 1999. Community structure in water-filled tree holes of
Panama: effects of hole height and size. Selbyana 20:106-115.

M ODELING

Grote, R. 1998. Integrating dynamic morphological propertiesinto forest
growthmodelling I1: Allocation and mortality. Forest Ecology and Man-
agement 111:193-210.

Grote, R., and M. Erhard. 1999. Stimulation of tree and stand develop-
ment under different environmental conditionswith aphysiologically
based model. Forest Ecology and Management 120:59-76.

Grote, R., and F. Suckow. 1998. I ntegrating dynamic morphological prop-
ertiesinto forest growth modeling. |. Effects on water balance and gas
exchange. Forest Ecology and Management 112:101-119.

Kucharik, C.J., JM. Norman, and S.T. Gower. 1999. Characterization of
radiation regimesin nonrandom forest canopies: theory, measurements,
and asimplified modeling approach. Tree Physiology 19:695-706.

Runions, C. J, K. H. Rensing, T. Takaso, and J. N. Owens. 1999. Polli-
nation of Picea orientalis (Pinacea): saccus morphology governs pol-
len buoyancy. American Journal of Botany 86:190-197.

NUTRIENT CYCLING

Berger, TW., and G. Glatzel. 1998. Canopy leaching, dry deposition,
and cycling of calcium in Austrian oak stands as a function of cal-
cium availability and distance from alime quarry. Canadian Journal
of Forestry Research 28:1388-1397.

Gallardo, J.F, A. Martin, G Moreno, and |.S. Regina. 1998. Nutrient
cycling in deciduous forest ecosystems of the Sierra de Gata moun-
tains: nutrient suppliesto the soil through both litter and throughfall.
Annals of Science Forestry 55:771-784.

Gallardo, J.F., A. Martin, and I.S. Regina. 1998. Nutrient cycling in
deciduous forest ecosystems of the Sierra de Gata mountains:
aboveground litter production and potential nutrient return. Annals
of Science Forestry 55:749-769.

Hamburg, S.P, and T.-C. Lin. 1998. Throughfall chemistry of an ecotonal
forest on the edge of the Great Plains. Canadian Journal of Forestry
Research 28:1456-1463.

Hattenschwiler, S., and C. Schafellner. 1999. Opposing effects of el-
evated CO2 and N deposition on Lymantria monacha larvae feeding
on spruce trees. Oecologia 118:210-217.

Heath, J.A., and B.J. Huebert. 1999. Cloudwater deposition as a source
of fixed nitrogen in a Hawaiian montane forest. Biogeochemistry
44:119-134.

Hevia, F, M.L.M.O., K.L.M. Decker, and R.E.J. Boerner. 1999. Foliar
nitrogen and phosphorus dynamics of three Chilean Nothofagus
(Fagaceae) speciesin relation to leaf lifespan. American Journal of
Botany 86:447-455.

Nadel hoffer, K.J., M.R. Downs, and B. Fry. 1999. Sinks for 15N-en-
riched additions to an oak forest and ared pine plantation. Ecologi-
cal Applications 9:72-86.

Rodrigo, A., A. Avila, and A. Gémez-Bolea. 1999. Trace metal contentsin
Parmelia caperata (L.) Ach. compared to bulk deposition, throughfall
and leaf-wash fluxes in two holm oak forestsin Montseny (NE Spain).
Atmospheric Environment 33:359-367.

Stadler, B., B. Michanlzik, and T. Mller. 1998. Linking aphid ecology with
nutrient fluxesin aconiferousforest. Ecology 79:1514-1525.

PLANT PHYSIOLOGY

Bolstad, PV., K. Mitchell, and J.M. Vose. 1999. Foliar temperature-respira-
tion response functionsfor broad-leaved tree speciesin the southern Ap-
palachians. Tree Physiology 19:871-878.

Bond, B.J., B.T. Farnsworth, R.A. Coulombe, and W.E. Winner. 1999. Foli-
age physiology and biochemistry in responseto light gradientsin conifers
with varying shadetollerance. Oecologia1999:183-192.

Cordero, R.A. 1999. Ecophysiology of Cecropia schreberiana saplingin
two wind regimes in an elfin cloud forest: growth, gas exchange, ar-
chitecture and stem biomechanics. Tree Physiology 19:153-163.

Hansen, JK., H. Saxe, A. Raebild, C.R. Nielsen, J.P. Simonsen, J.B.
Larsen, and H. Wellendorf. 1998. Decline and physiological response
to foliar-deposited salt in Norway spruce genotypes. a comparative
analysis. Canadian Journal of Forestry Research 28:1879-1889.

Healy, WM., A.M. Lewis, and E.F. Boose. 1999. Variation of red oak
acorn production. Forest Ecology and Management 116:1-11.

Heinsoo, K., and A. Koppel. 1999. Minimum epidermal conductance of
Norway spruce (Picea abies) needles: influence of age and shoot posi-
tion in the crown. Annales Botanici Fennici 35:257-262.

Hubbard, R.M., B.J. Bond, and M.G. Ryan. 1999. Evidence that hydrau-
lic conductance limits photosynthesis in old Pinus ponderosa trees.
Tree Physiology 19:165-172.

Kato, E., and T. Hiura. 1999. Fruit set in Syrax obassia (Styracaceae):
the effect of light availability, display size, and local floral density.
American Journal of Botany 86:495-501.

Kelsey, R.G, G. Joseph, and W.G. Thies. 1998. Sapwood and crown
symptoms in ponderosa pine infected with black-stain and annosum
root disease. Forest Ecology and Management 111:181-191.

Kull, O., and B. Kruijt. 1999. Acclimation of photosynthesis to light: a
mechanistic approach. Functional Ecology 13:24-36.

Kull, O., and B. Kruijt. 1998. L eaf photosynthetic light response: amecha-
nistic model for scaling photosynthesis to leaves and canopies. Func-
tional Ecology 12:767-777.

Mielke, M.S., M.A. Oliva, N.F. d. Barros, R.M. Penchel, C.A. Martinez,
and A.C. d. Almeida. 1999. Stomatal control of transpiration in the
canopy of a clonal Eucalyptus gradis plantation. Trees 13:152-160.

Mitchell, K.A., PV. Bolstad, and J.M. Vose. 1999. Interspecific and en-
vironmentally induced variationin foliar dark respiration among eigh-
teen southeastern deciduoustree species. Tree Physiology 19:861-870.

Niinemets, U. 1999. Energy requirement for foliage formation is not
constant along canopy light gradients in temperate deciduous trees.
New Phytology 141:459-470.

Niinemets, U., and O. Kull. 1999. Biomass investment in leaf lamina
versus lamina support in relation to growth irradiance and leaf sizein
temperate deciduous trees. Tree Physiology 19:349-358.

Ourcival, JM., R. Joffre, and S. Rambal. 1999. Exploring the relation-
ships between reflectance and anatomical and biochemical properties
in Quercus ilex leaves. New Phytology 143:351-364.

Poulin, B., S.J. Wright, G. Lefebvre, and O. Calderén. 1999. Interspe-
cific synchrony and asynchrony in the fruiting phenologies of conge-
neric bird-dispersed plants in Panama. Journal of Tropical Ecology
15:213-227.
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