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Project Description
I. Background and rationale

One of the most fundamental questions in biology is “How many species are there on Earth”? (May 1990). Assessing where the greater proportion of this biodiversity is distributed is just as vital as knowing how many species there are. Despite some controversy, broad scale patterns in the distribution of biodiversity are understood reasonably well. For example, the most important factors responsible for latitudinal gradients of species richness appear to be energy and water availability (Hawkins et al., 2003). At the local scale and in conditions where water is less limiting, such as in tropical wet forests, an interesting comparison may be drawn between broad scale patterns of biodiversity and vertical gradients of biodiversity above the forest floor. The higher availability of energy and resources in the upper canopy in comparison with the understorey appears to explain well the overall higher species richness in the former forest layer (Basset et al., 2003a).

Recent arthropod studies highlighted two factors that emphasized differences in species packing between tropical and temperate forests: (a) host specificity, related to the horizontal distribution of arthropods (beta diversity) within the forest (Basset et al., 1996; Novotny et al., 2002), and (b) vertical distribution (or stratification) of arthropods within the forest (Basset et al., 2003a). In particular, there has been considerable debate whether greater biodiversity is found in the canopy or the soil of tropical rainforests (Erwin, 1982; Hammond, 1990; André et al., 2002). Basset (2001) and Barrios (2003) reported complex gradients of abundance and species richness of insect herbivores in wet closed tropical forests. In these forests, conspecific seedlings and mature trees shared only a fraction of their herbivore fauna. Thus, vertical gradients in species richness could increase global estimates of biodiversity substantially, but no study has yet attempted to measure the relative contribution of vertical versus horizontal or beta diversity to overall insect diversity in tropical rainforests.

Sound studies of biodiversity and ecological processes within tropical rainforests remain largely constrained by canopy access, and adequate spatial and temporal replication. STRI has revolutionized canopy studies in rainforests with the use of construction cranes to gain access to the canopy (www.stri.org/english/research/facilities/terrestrial/cranes/; Basset et al, 2003b). However, problems related to pseudoreplication at the meso-scale are evident within the relatively small and fixed crane perimeter. Various innovative and mobile techniques to gain access to the canopy, such as the ‘Canopy Raft’ and ‘Canopy Bubble’, have been developed by other research groups (www.radeau-des-cimes.org/).

An ambitious entomological project in Panama (patroned by Prof. E.O. Wilson, Harvard University) represents the first attempt to combine these various methods of canopy access in a large-scale study involving many arthropod sampling protocols. The aim of the project, code-named IBISCA, is to answer to the fundamental question, “Where does most of the biodiversity occur in a tropical rainforest, in the canopy or in the soil”? In 2003 and 2004, a team of 32 entomologists, representing 22 institutions and 16 countries (Appendix I), studied arthropod vertical distribution at eight sites in the San Lorenzo forest (maximum distance between sites = 2km, Plate I). They used state-of-the art methods of canopy access, namely canopy fogging, canopy crane, single rope techniques and canopy raft and peripherals, and 14 different sampling protocols (Appendix I; Plate I) to collect arthropods in the soil, litter, understorey and forest canopy. Field work in 2003 (September-October) provided spatial replication, whilst seasonal replication was controlled for at the crane site, during 2004 (February-March; May and October). Further information on the project is available at http://striweb.si.edu/ibisca/ (user:crane, password: onthecanopy). Public access of articles is available at www.naturalsciences.be/cb/ants/projects/ibisca_main.htm (see also Didham & Fagan, 2003 and Springate & Basset, 2004 for the background and rationale of the project).

II. Progress as of September 2004

Massive sampling programs necessary to investigate the distribution of biodiversity are likely to flood investigators with material and it is unrealistic to expect that all taxa will be studied. However, a careful selection of focal taxa and a still more crucial matching of taxa with motivated investigators may allow us to determine whether distribution patterns converge among taxa or whether different taxa have significantly different distributional patterns. In the IBISCA project, each entomologist is responsible for a particular sampling protocol and studies the vertical distribution and beta diversity of 1-2 focal taxa (‘supervisor’ in Appendix II). The supervisors collaborate with taxonomic authorities for the study of the material (so far 35 additional participants), first pre-sorting the material into morphospecies, then identifying them as far as current knowledge allows. In total, the team will evaluate patterns of spatial distribution for 57 focal taxa, representing different lineages and life history strategies (Appendix II).

Thorough taxonomic study of this material is essential for at least two reasons. First, the morphospecies need to be cross-checked both among study sites and between levels within the forest (from the soil to the upper canopy). Second, the Latin binomials of identified species will provide access to additional ecological information available from the literature. For specific focal taxa, the entomological fauna of Panama is reasonably well-known, in comparison with other tropical countries, so that information can be extracted from a relatively large literature.

A special database was developed in order to register conveniently all of the arthropod records without duplication (see the protected web site mentioned above and Plate I). This collective data matrix will summarize interactions at eight sites between five main habitats (soil, litter, understorey, mid-canopy and upper canopy), 14 sampling methods, more than 5,000 samples, four seasonal replicates and as yet an unknown number of individuals (in the order of tens of thousands) and species (in the order of thousands; Appendix II). No comparable dataset exists for arthropods of tropical rainforests. Appendix II details the progress of the project in terms of taxonomic knowledge for the major focal taxa. The study of many groups has yet to progress beyond basic specimen processing and species morphotyping. The proportion of identified species is often below 50%, but can be improved by comparing existing collections, mainly at the National Museum of Natural History (Washington) and at The Natural History Museum (London). In most cases, databasing of specimens and species has not yet started.

III. The new research phase

Securing funds to complete specimen processing, and accelerate the pace of species identification and databasing (see budget) would allow initiating a new phase in the research. Namely, participants will then be able to:

· explore the degree of spatial correlation between different arthropod groups;

· evaluate whether there is spatial congruence between above-ground and below-ground species richness;

· explore the relationships between different arthropod groups and different abiotic and biotic factors (incident light, canopy openness, vegetation characteristics, leaf damage, remote sensing data, etc.) along vertical forest profiles or at different forest sites;

· quantify the variance in spatial distribution for different arthropod groups due to beta diversity, vertical distribution and seasonal effects;

· assess the uniqueness of the fauna residing in five different habitats (soil, litter, understorey, mid-canopy, upper canopy) and evaluate the implications for the conservation of rainforest arthropods;

· contrast most of the above patterns between different arthropod lineages with divergent life histories;

· evaluate where most of the biodiversity is located within a tropical rainforest and how we can best predict its distribution.

The most innovative approach of the project is likely to be the development of techniques similar to meta-data analysis, so that the diverse datasets represented by the many different collecting techniques and arthropod groups can be collated and compared. Thus, the new research phase will involve substantial scientific communication.

One of us (YB) is co-organizing three arthropod symposia in 2005, where IBISCA participants will have the opportunity to present preliminary results, review analytical methods and discuss further strategic aims for the project. These symposia will be held at the following meetings:

- Brussels, Belgium (support from the European Science Foundation pending; 3 days; may be coupled with NSF support);

- Leipzig, Germany (4th International Canopy Conference; 5 days);

- Uberlândia, Brazil (Association for Tropical Biology and Conservation Annual meeting; 5 days).

These symposia will pave the way for the proper dissemination of results and conclusions of the IBISCA project, envisioned as (i) a series of detailed papers in high-ranking scientific journals; (ii) a series of summary papers published in a collective work; and (iii) a multi-authored paper in a leading journal.
IV. Wider implications of research

Being able to provide answers to the set of questions listed in the previous section would significantly improve our current knowledge of arthropod spatial distribution in tropical rainforests. Multi-method, multi-habitat studies, such as IBISCA, are essential if statements are to be made about the overall arthropod diversity of forests: the assumption, tacit since Erwin & Scott’s (1980) article, that the species richness of the forest is totally canopy-dominated is certainly not true. The IBISCA data are thus crucial for biodiversity experts. However, these data may also help to inform debate concerning the ecological implications of the following three issues, of wider scope.

1. The composition and diversity of arthropod communities, and their relationships with forest processes. 

Sound understanding of biotic interactions requires that interactions be studied within the whole forest system, i.e. both in the understorey and upper canopy. Many arthropod groups show clear patterns of stratification in tropical forests which are sometimes mitigated by the preferential and seasonal use of certain food resources (Roubik, 1993). Depending on their ecology, certain groups show a preferential distribution near ground level (many scavengers) or in the upper canopy (many herbivores; Basset et al., 2003a). The low faunal similarity observed between the understorey and the canopy suggests that different food-webs may occur in these two strata, with likely consequences for a variety of forest processes essential for forest regeneration, such as pollination, seed dispersal and herbivory. For example, the fruit production of understorey herbs at a forest site in Japan is affected by the flowering intensity of canopy trees via the activities of arthropod pollinators (Murakami & Hiura, 2003). Studies of communities at different forest levels, such as IBISCA, are thus crucial to identify key players (keystone species) and to understand forest processes.
2. Loss of biodiversity

Old-growth tropical forests, with their high tree diversity and structural diversity, represent unrivaled repositories of organismic and genetic diversity. Typically, species observed near ground level represent only a fraction of the total biodiversity supported by these forests. Simplifying these ecosystems by management and removal of tree species may result in a severe loss of species. The magnitude of these losses is difficult to estimate, since baseline information is missing for many diverse but poorly-studied groups. Projects such as IBISCA may provide this baseline information.

Second, the bulk of biodiversity includes many small organisms, poorly known, but with specific habitat and food-resource requirements. In particular, survival of many of these organisms may be linked to the presence of specific abiotic and biotic conditions along the vertical forest profile. Alterations of canopy structure (e.g., by selective logging) may change these conditions and lead to important losses of species. For example, a diverse and distinct community of insect herbivores is restricted to the uppermost metre or two of the upper canopy of a tall closed African rainforest (Basset et al., 2001). Similar communities may exist at other locations and would be the first affected by slight openings in the forest canopy. Further, specialised insect herbivores of the upper canopy are unlikely to fare well in the understorey since forest gaps typically include different plant species (pioneers) than are present in the mature canopy (shade-tolerant species). Taxa less tied to resources occurring specifically in the upper canopy, such as dung beetles, do not appear to suffer much from canopy loss and survive well in the understorey of disturbed forests (Davis & Sutton, 1998). Thus, it is crucial to evaluate the specificity of vertical stratification for taxa representative of a wide range of lineages and life histories, as is being done in the IBISCA project.

3. Climate change and its effects on tropical communities

The occurrence of arthropods along vertical transects appears to be linked to specific abiotic and biotic conditions. One interesting question is to know whether increasing air temperatures (with concomitant changes in plant metabolism) resulting from climate change may alter this equilibrium and result in further species extinction (Whittaker, 1999). For example, increasing temperature may cause spatial shifts of arthropod species, particularly those sedentary, which may threaten their survival (e.g., specialised species of the upper canopy may move down, to cooler levels where their resources may be less abundant). These effects are likely to be of greatest magnitude in tall, closed tropical rainforests, where biodiversity is also greatest.

V. Concluding remarks

In a sense, it is puzzling to observe that scientists have managed to focus public attention on complex problems of gas exchange and nutrient cycling involving many processes that are invisible with the bare eye, whereas they have largely failed to focus public attention on the fundamental and unanswered question of how many species inhabit Earth, what proportion of these have been named and described, and how widely they are distributed. One of the reasons accounting for this state of affairs may be that global cycles of gases and nutrients can now be well explained. In contrast, the local maintenance of biodiversity is far from being reasonably captured. For example, knowledge of local food-webs, especially in the tropics, is still rudimentary (Godfray et al., 1999). In short, the inability of the scientific community to document species diversity, and hence its changes including decline, is hugely detrimental to the credibility of the conservation movement (Mann 1991). The magnitude of the effort and cost necessary for adequate surveys of biodiversity and implementation of conservation policies may also be overwhelming to many organizations, institutions and individuals.

The new modus operandi of the IBISCA project involves team work (taxonomists, ecologists, students, parataxonomists), international collaboration and complementary skills, both in the field and laboratory. There have been major multi-scientist studies of tropical nature before but these have seldom been coordinated within a strong, single experimental design that will generate an accurate picture of the spatial distribution of arthropods within the study area against key drivers. The intense spatial focus and collegial synergies of such a project cannot be underestimated and institutional mechanisms should facilitate such teamwork.

Further, this project represents a collaborative effort between STRI and NMNH. For the first time, it may be possible to compare faunal samples obtained in situ in the canopy with those obtained in the soil/litter of a tropical rainforest with sufficient taxonomic, spatial and temporal replicates. The analyses of these valuable data will lead to innovative lines of research, such as those detailed in Section III, that may have far ranging implications for the conservation of biodiversity in tropical rainforests (section IV).
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Plate I. Pictorial summary of progresses of the IBISCA project in from September 2003 to September 2004. The IBISCA team relied on different methods of canopy access, such as canopy raft (1), canopy crane (2) or single rope techniques (3) to obtain a variety of faunal samples from the soil to the upper canopy at different sites during different seasons in the San Lorenzo forest. In total 14 sampling programs were used to collect arthropods (4, a flight-interception trap part of a vertical transect in the canopy). Eight sites were studied and their vegetation characteristics recorded (5, location of sites in on false color photography of the San Lorenzo area). Samples were pre-sorted to focal groups with the help of Panamanians students (6).
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Plate I (cont’). Program supervisors have initiated the lengthy process of morphotyping the material (7) and identifying species with the help of collaborating taxonomists (8, Echetra fucata (Distant), Fulgoridae new to Panama). Each program supervisor inserts his/her data into an Access module (9, screenshot of the opening menu). Modules are later merged into a large database available to all participants via a password-protected web site. This allows to generate rapidly preliminary results, such as the vertical distribution of arthropod groups with different life histories (10, sticky trap sampling program) and to disseminate this information on the world-wide web (11-14, information on termites available at www.naturalsciences.be/cb/ants/projects/ibisca_termites.htm).
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Appendix I. Entomologist participants to the IBISCA fieldwork in 2003-2004. They are helped by a further 35 colleagues for the taxonomic study of the materiel collected.

Name
Institution
Sampling program
Nationality






Aberlenc, Henri-Pierre
CIRAD
Winkler
France

Bail, Johannes
University of Erlangen
Fogging
Germany

Barrios, Héctor
University of Panama
Beating
Panama

Basset, Yves
Smithsonian Tropical Research Institute
Sticky traps
Switzerland

Cizek, Lukas
Czech Academy of Sciences
Sticky traps/Butterfly traps
Czech Republic

Corbara, Bruno
Université Blaise Pascal, Clermont-Ferrand
Winkler and social insects
France

Cornejo, Aydee
University of Panama
Light traps
Panama

Curletti, Gianfranco
Museum of Carmagnola
Sticky traps
Italy

Dejean, Alain
University of Toulouse
Winkler and social insects
France

Didham, Raphael K.
University of Canterbury
Aerial flight-interception traps
New Zealand

Fagan, Laura L.
Landcare Research
Aerial flight-interception traps
Canada

Floren, Andreas
University of Würzburg
Fogging
Germany

Frame, Dawn
University of Montpellier
Bee programme
USA

Jordan, Kevin
University of Victoria
Berlese - microarthropods
Australia

Kitching, Roger
Griffith University
Light traps
Australia

Leponce, Maurice
Institut Royal des Sciences Naturelles de Belgique
Winkler and social insects
Belgium

Manumbor, Markus
Parataxonomist Training Center
Light traps
Papua New Guinea

Mogia, Martin
Parataxonomist Training Center
Light traps
Papua New Guinea

Medianero, Enrique
University of Panama
Pitfall traps
Panama

Ødegaard, Frode
Norwegian Institute for Nature Research
Beating
Norway

Oliveira, Evandro Gama de
University Federal of Ouro Preto
Light and butterfly traps
Brazil

Orivel, Jérôme
University of Toulouse
Winkler and social insects
France

Pérez, Betzi
University of Panama
Aerial flight-interception traps
Panama

Pinzón, Sara
University of Panama
Malaise traps
Panama

Rapp, Mathieu
Museum of Natural History, Neuchâtel
Aerial flight-interception traps
France

Ribeiro, Servio
University Federal of Ouro Preto
Gall programme
Brazil

Springate, Neil
The Natural History Museum
Malaise traps
United Kingdom

Roubik, David
Smithsonian Tropical Research Institute
Bee programme
USA

Roisin, Yves
University of Bruxelles
Winkler and social insects
Belgium

Schmidl, Jürgen
University of Erlangen
Fogging
Germany

Tishechkin, Alexey
Louisiana State Arthropod Museum
Ground flight-interception traps
Belarus

Winchester, Neville
University of Victoria
Berlese - microarthropods
Canada

Appendix II. Current status of taxonomic knowledge for the major focal taxa studied by the project IBISCA: estimated no. of specimens processed (processing),

no. of morphospecies (morphotyping), % of species so far identified to species level (identification) and databasing. To put these preliminary results in perspective,

the estimated number of known species from Panama is also indicated (Panama), compiled from various sources. ? = Not yet done or not (yet) known. Data as of

September 2004, not including the last field replication of October 2004. In total 57 focal taxa are studied under the responsibility of 24 supervisors.












Focal taxa
Order
Ecology
Supervisor
Processing
Morphotyping
Identification
Databasing
Panama



(guild)

(ind.)
(spp.)
(%)

(spp.)











Oribatei
Acari
Varia
Winchester
>27,000
>200
20
No
ca. 200

Isopoda
Isopoda
Scavenger
Cizek
444
15
?
No
?

Araneae
Araneae
Predator
Schmidl
>2000
?
?
No
?

Opiliones
Arachnida
Predator
Schmidl
>400
?
?
No
?

Ricinulei
Arachnida
Predator
Schmidl
15
?
?
No
6

Curculionoidea*
Coleoptera
Varia
Barrios
ca. 7,000
548
35
No
ca. 4,000

Cucujoidea/Tenebrionoidea*
Coleoptera
Varia
Cizek
2,000
210
?
No
?

Chrysomelidae*
Coleoptera
Chewer
Floren
>400
ca. 150
?
No
?

Cerambycidae
Coleoptera
Wood-eater
Ødegaard
>150
57
68
No
?

Scolytinae & Platypodinae
Coleoptera
Wood-eater
Ødegaard
>5000
144
34
No
?

Scarabaeoidea
Coleoptera
Scavenger
Ødegaard
>300
48
96
No
541

Scydmaenidae
Coleoptera
Predator
Ødegaard
>250
63
3
No
?

Buprestidae: Agrilus
Coleoptera
Wood-eater
Curletti
44
22
18
No
28

Nitidulidae
Coleoptera
Varia
Tishechkin
ca. 2,500
45
35
No
92

Erotylidae & Endomychidae
Coleoptera
Fungivore
Cizek/Schmidl
>500
?
?
No
?

Cleridae
Coleoptera
Predator
Schmidl
>600
?
?
No
?

Empididae
Diptera
Predator
Didham/Fagan
>300
?
?
No
?

Milichiidae
Diptera
Varia
Didham/Fagan
>900
ca. 30
25
No
ca. 15

Mycetophilidae
Diptera
Fungivore
Didham/Fagan
>100
?
?
No
?

Phoridae
Diptera
Varia
Didham/Fagan
>5,000
?
?
No
?

Ceratopogonidae
Diptera
Varia
Didham/Fagan
>8,000
?
?
No
?

Dolichopodidae
Diptera
Predator
Didham/Fagan
>2,000
?
?
No
?

Drosophilidae
Diptera
Varia
Didham/Fagan
>2,000
?
?
No
?

Membracoidea
Hemiptera
Sap-sucker
Basset
>400
40
53
No
137

Fulgoroidea
Hemiptera
Sap-sucker
Basset
>500
115
?
No
500-1,000

Psylloidea
Hemiptera
Sap-sucker
Basset
>700
?
?
No
ca. 150

Meliponini & Euglossini
Hymenoptera
Pollinator
Frame/Roubik
1363
42 (Euglossa: 22)
98
Yes
Euglossa: 35

Braconidae
Hymenoptera
Parasitoid
Medianero
ca. 500
ca. 80
31
No
?

Formicidae
Hymenoptera
Ant
Orivel/Corbara/Dejean
ca. 30,000
?
?
No
?

Isoptera
Isoptera
Scavenger
Roisin/Leponce
ca. 15,000
33
65
No
50

Geometroidea
Lepidoptera
Chewer
Kitching/Miller
>500
169
?
Partly
?

Pyraloidea
Lepidoptera
Chewer
Kitching/Miller
>1,000
227
?
Partly
?

Arctiidae
Lepidoptera
Chewer
Kitching/Miller
>500
122
?
Partly
?

Cecidomyiidae-gall-makers
Diptera
Chewer
Ribeiro
442 trees
32
?
No
?

* = Part
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Direct costs








 
Salaries and Wages
$24400






 
Salaries
$24400






 
 
Two students, databasing, 3 months each at $400 per month (H. Barrios)
$2400

 
 
Revision of Agrilus in Panama (G. Curletti)
$1500

 
 
Processing and identification of Nitidulidae (A. Tishechkin)
$1000



Processing and identification of Cucujoidea (L. Cisek)
$500



Processing and identification of Isopoda and Myriapoda (L. Cizek)
$500



Processing and identification of Acari Oribatei (N. Winchester)
$4000



Processing and identification of Geometroidea, Pyraloidea and Arctiidae (S. Miller)
$4000



Processing and identification of Curculionoidea (H. Barrios)
$1500



Processing and identification of Auchenorrhyncha (Y. Basset)
$1500



Processing and identification of Braconidae (E. Medianero)
$1500



Processing and identification and databasing of Formicidae (J. Delabie)
$1000



Processing and identification of Chrysomelidae (A. Floren)
$1000



Processing and identification of various groups of Coleoptera (F. Ødegaard)
$1000



Processing and identification of various groups of Diptera (R. Didham & L. Fagan)
$1000

 
 
Processing of Hymenoptera Parasitica in Malaise trap samples (N. Springate)
$2000






 
Fringe Benefits (calculated at 28%)
$0

 
Equipment
$0

 
Domestic Travel
$0

 
Foreign Travel
$0

 
Participant Support (Stipend, relocation, research allowance)
$0

 
Other Direct Costs
$270



Six export permits at $45 each


 
Materials and Supplies
$330



Expendible supplies


 
Publication/Documentation/Dissemination
$0

 
Consultant Services
$0

 
Computer Services
$0

 
Subawards
$0

 
Other

$0






Total Direct Costs
$24670






Amount of This Request
$25000






Cost Sharing

$0

Budget Justifications:
Program supervisors (in brackets) have estimated the costs of taxonomic analyses for their focal taxa. These estimates do not represent salaries for the supervisors, but small contracts to cover the costs of processing, labeling, identification, and databasing. Each focal taxa requires specific processing necessary for accurate taxonomy, such as pinning, slide mounting and critical point drying. The two largest individual amounts include (a) a collaboration with another SI unit (Miller) and (b) slide mounting of numerous mite specimens (Winchester).
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Sample Review Form 
Proposed Endowment Fund: 

PI:

Project Title:

Conforms to Endowment Restrictions (yes/no)

Supports Selected Research Theme/Focal Area (yes/no; comments)
1. What is the intellectual merit of the proposed activity?

How important is the proposed activity to advancing knowledge and understanding? How well qualified is the proposer (individual or team) to conduct the project? (If appropriate, the reviewer will comment on the quality of prior work.) To what extent does the proposal activity suggest and explore creative and original concepts? How well conceived and organized is the proposed activity? Is there sufficient access to resources?

2.  What is the broader impacts of the proposed activity to SI goals, strategic research themes/focal areas, and objectives?

How well does the activity advance discovery and understanding while promoting public impact, focused first-class science, management excellence, and financial strength? How well does this activity support the science research themes/focal areas? How well does the proposed activity broaden the participation of underrepresented groups (e.g., gender, ethnicity, disability, geographic, etc.)? To what extent will it enhance the infrastructure for research and capacity, such as facilities, collections, instrumentation, networks, and partnerships? Will the results be disseminated broadly to enhance scientific and technological understanding? What will be the benefits of the proposed activity to society?

Comments:

Reviewer Signature/Title/Date:

Attachment: Research Themes and Focal Areas within Themes

Theme 1 - Origin and Nature of the Universe

Focal Areas: 
1a Dark Matter and Dark Energy


1b Star and Planet Formation


1c Black Holes

Theme 2 - Formation and Evolution of the Earth and Similar Planets

Focal Areas: 
2a Planetary Formation and Evolution


2b Evolution of Earth –like Planets


2c Planetary Habitability

Theme 3 - Discover and Understanding of Biological diversity

Focal Areas: 
3a Encyclopedia of Life


3b Forces of Change


3c Biology of Extinction

Theme 4 - Study of Human Diversity and Cultural Change

Focal Areas: 
4a Human-Environmental Interactions Through Time


4b Human Impacts on the Environment


4c Cultural Responses to Globalization
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