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The International Biodiversity Observation Year (IBOY) 2001-2002, will be launched at the end of 2000, on December 29, designated by the United Nations as the annual International Day for Biological Diversity. IBOY is initiated by DIVERSITAS—the international program for biodiversity science. In 1997, a regional network for DIVERSITAS in Western Pacific and Asia (DIWPA) bought the concept of a Biodiversity Observation Year to the attention of the DIVERSITAS Scientific Steering Committee. There was universal support within DIVERSITAS, and planning began immediately through various meetings and workshops for an expanded international effort. 

IBOY’s goals are two-pronged: (1) to develop urgently needed global datasets on biodiversity and its contribution to ecosystem functioning and human society, and (2) to showcase biodiversity, raising societal and governmental awareness of the need for its conservation and sustainable management.

The case for an IBOY is compelling. Unprecedented rates of species loss and species invasions threaten the composition and integrity of ecosystems. However, the taxonomic data to assess these biodiversity changes and the ecological information to evaluate their consequences for ecosystem functioning and human endeavors such as agriculture, forestry and fisheries is generally lacking. Even where the data exists, it is often widely fragmented and largely inaccessible. In response, IBOY will spearhead a concerted global effort to (1) advance scientific understanding of biodiversity, (2) incorporate accurate information into policymaking, and (3) increase public awareness of the tremendous importance of biodiversity to their daily lives. 

At the core of IBOY is a series of projects, each initiated and directed according to the interests of its participants. This results in a diverse and eclectic portfolio of activities with which to meet IBOY’s goals. There are taxonomic initiatives to explore our biological heritage and informatics initiatives to increase accuracy and accessibility of currently fragmented data. There are initiatives establishing links between biodiversity and large-scale ecosystem processes and global change. By the end of 2001, these projects will have collected gigabytes of data on habitats from tropical forest canopies to oceanic abyssal plains, and on organisms from prokaryotes to blue whales. IBOY is developing ideas for synthesis workshops to integrate individual projects and provide add-on value by addressing questions of global significance that cannot be answered by individual projects alone. For more detail on these and other projects, see the IBOY webpage at http://www.nrel.colostate.edu/IBOY. 

IBOY is not a funding agency but, though inclusion of projects in the global IBOY initiative, it can leverage support and funds for them. The IBOY secretariat is accepting proposals for projects until mid-2000; selection is based on the project’s capacity to bring exciting new dimensions to biodiversity research and education and yield concrete products in 2001 and 2002. Organizers also seek compelling ideas to showcase biodiversity, whether through arts, media, or educational initiatives 
Observation—particularly scientific observation—is at the heart of IBOY. To date, nearly thirty international scientific research projects are planning programs in 2001 or 2002 that will survey biodiversity, or collate datasets, for a more accurate picture of global biodiversity. Clearly, biodiversity monitoring is a crucial part of IBOY’s mission. The activities of the ILTER network and its ability to integrate multi-site and multidisciplinary results, as well as apply these results to policy and management, offer many possibilities for collaboration with IBOY . 

This potential synergy has not escaped the notice of scientists involved in both networks. During April 1999, the National Center for Ecological Analysis and Synthesis (NCEAS) hosted a workshop on Biodiversity Monitoring initiated by Harold Mooney. Fourteen international programs which monitor biodiversity were represented at the meeting, including the ILTER. They discussed: current monitoring activities, significant gaps, how current monitoring efforts can be optimized, what monitoring efforts currently exist, where are the most significant gaps, how monitoring activities can best contribute to the goals of the Convention on Biological Diversity, and how IBOY can contribute to monitoring activities. Workshop participants outlined the tremendous potential of IBOY to augment current monitoring efforts, and create innovative multidisciplinary links.

Two IBOY projects are extensively associated with the ILTER network: the GTOS-NPP demonstration project, coordinated by Dr. Jim Gosz of the University of New Mexico, and a Global Survey of Soil Biodiversity and Decomposition (GSSBD), coordinated by Dr. David Bignell of the University of London. The Global Terrestrial Observing System (GTOS) is an international body coordinating the centralization and distribution of large-scale ecosystem data, including satellite measurements of vegetation type and extent, from the ILTER and other international network sites. The GTOS-Net Primary Productivity (NPP) demonstration project plans to centralize data on NPP, and use it to validate MODIS (Moderate Resolution Imaging Spectroradiometer) imagery and help NASA develop an accurate land-cover data map. 
For their collaboration with IBOY, GTOS-NPP organizers plan to correlate an as yet undetermined measure of biodiversity with NPP measurements. Participants are working to select an ecologically meaningful taxon (e.g. an indicator species for biodiversity or ecosystem parameters) for which there is sufficient data for the analyses. A further challenge is to find data on comparable spatial scales, as the small-scale nature of most biodiversity data is incompatible with the large-scale GTOS data. Organizers are considering the use of data on birds collected at near-continental scales. 

The GSSBD is also a demonstration project of both the GTOS and ILTER networks. In addition to the ILTER, eight international site networks will provide data on links between the biodiversity of soil organisms and rates of decomposition. Long-term data available through these networks, such as climactic records, vegetation descriptions, and ground-based leaf area indices, will allow for the vertical integration of results. The Steering Committee, chaired by Dr. David Bignell, is currently developing a set of standard protocols for measurements of decomposition and sampling of organisms. Particular items under discussion include the spatial extent of sampling, the taxa to be examined, and the substrates - recalcitrant (e.g. wood) and/or labile (e.g. cloth) - to be used globally. The Steering Committee is eager to expand the scale of the survey and is encouraging the participation of soil organism taxonomists. 

In addition to these projects that will survey the links between biodiversity and ecosystem functioning across a broad suite of ecosystems, other studies are collecting detailed taxonomic information from specialized habitats. For example, Dr. Neville Winchester of the University of British Columbia is leading a project to survey of microarthropods within tropical forest canopies, with the aim of correlating insect and tree diversity. Other IBOY projects will document biodiversity within specific habitats and ecosystems, such as marine caves, oceanic abyssal plains, and the Amazon Basin. The broad differences of spatial and temporal scale among these projects provide opportunities for integrative syntheses, that will contribute significantly to our understanding of biodiversity patterns across different habitats and scales.

IBOY encourages the use of biodiversity data in efforts for sustainable management and conservation of species and ecosystems. For example, LITUS—organized by Drs. Magda Vincx of the University of Gent, Belgium and Jan Marcin Weslawski of the Institute of Oceanography, Polish Academy of Sciences—will extensively survey the biota of sandy beaches and use the information to develop management recommendations for beaches under the heavy influence of tourism. Dr. Vernon Heywood of the University of Reading plans a synthesis of available information on the wild relatives of agricultural crops to aid in the development of new cultivars. The Millennium Assessment, directed by Dr. Walter Reid of the World Resources Institute, is a 3 to 4-year, multimillion dollar, international scientific evaluation of ecosystem goods and services, designed to build local and national capacities for their management. Dr. Anne McLaren, of the Wellcome/Cancer Research Institute for Cancer and Developmental Biology, is directing the creation of a global bank of genetic capital: DNA samples from endangered species. AmphibiaWeb, a database organized by Dr. David Wake, from the University of California, Berkeley, will document the rapid global decline in amphibians, while the International Coral Reef Observation Year, directed by Drs. John Ogden of the Florida Institute of Oceanography and Terry Done of the Australian Institute of Marine Sciences, will document the extent and impact of coral reef bleaching. 

A number of IBOY projects are compiling data into large, global datasets that will improve the accuracy and accessibility of biodiversity information. Species 2000, lead by Dr. Frank Bisby from the University of Reading, is collecting information on species names —now scattered everywhere from museum drawers to academic journals— to develop an immense catalog of life, that will be available through a single Internet interface. The Ocean Biogeographic Information System (OBIS) is assembling data to produce an ongoing, distributed, electronic atlas of life within the oceans. Based on a concept paper by Jesse H. Ausubel of the Sloan Foundation, OBIS began at a 1997 marine systematics workshop and is now housed at Rutgers University under the direction of Dr. Fred Grassle. 
IBOY is clearly an ambitious initiative. Not only will IBOY facilitate the development of high-quality, interdisciplinary, innovative biodiversity science, it will convey the inherent excitement and wonder of biodiversity to audiences beyond the scientific community. Specific programs and project results planned for 2001 will focus a continual spotlight on the explorers of the preeminent scientific frontier of our time: the inner workings of the biosphere itself. 
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Introduction:

The Global Terrestrial Observing System (GTOS) was formed by four bodies of the United Nations and the world scientific community following the 1992 Earth Summit.   The aim of GTOS is to improve the quality and coverage of terrestrial ecosystem data, and integrate them into a worldwide knowledge base.  Together with similar global observing systems for climate (GCOS) and the oceans (GOOS), GTOS has been created in response to international calls for a deeper understanding of global change in the Earth System.  

The central mission of GTOS is to provide data for detecting, quantifying, locating and giving early warning of changes in the capacity of terrestrial ecosystems to sustain development and improvements in human welfare. To initiate activities within GTOS, implementation of demonstration projects has been planned.  The role of the demonstration projects is to promote the sharing and exchange of terrestrial data, and compare methods used to collect it.

The NPP Demonstration Project:

A first demonstration project of GTOS is known as the GT-NET, Net Primary Productivity Demonstration Project (NPP Demonstration project).  This first project will serve as a test bed for collaboration among research networks and sites.  It will include data sharing and exchange, and help to obtain the experience needed for a further development of the global terrestrial network.  This effort is designed to use data from local ecological research sites to compare and validate data produced from the Moderate Imaging Spectrometer (MODIS) sensor of the "TERRA" satellite.  The collaboration will be between ecological research sites of GTOS and scientists of the United States National Aeronautic and Space Administration (NASA). Sites will receive data products of basic land cover from MODIS for their site, region or country in exchange for similar land measurements or "ground truth" from their sites.   This demonstration project will support the needs for global satellite data validation, and provide global products from advanced satellite sensors useful to sites within the NPP Demonstration project.

The NPP project has two primary goals; first to distribute a global satellite-derived NPP product to regional networks for evaluation, and then translate this standard product to regionally specific crop, range and forest yield maps for land management applications.  This will be accomplished by extracting landcover types, leaf area index (LAI), and net primary productivity (NPP) data from the MODIS data stream, and provide it in suitable formats to scientists of sites participating in the NPP demonstration project.  Similar validation data of NPP, LAI, landcover or basic climatological information, will be transferred from the participating sites to MODIS team scientists. 

Net Primary Production (NPP), is the amount of new plant growth within a given area over a specified time period (g m-2 y-1) and is a key integrator of ecosystem function.  It is the mechanistic basis of harvest yield, whether it is grass, grain or timber production.  Deviation of NPP from its expected value is an objective indicator of ecosystem change, of both degradation and enhancement.  To determine NPP values, a set of key input observations such as rainfall, temperature, soil water holding capacity and nitrogen content are needed.  In addition, basic land cover type, and Leaf Area Index (LAI) measurements are needed.  
The MODIS sensor will be used to compute a NPP product at 1 km resolution.  The data will be produced for the entire global vegetated land surface every 8 days using data from the MODIS sensor and other ancillary data such as global digital elevation models.  Each participating site must collect reference data to be representative of a 3 km x 3 km square. This is because the calculated NPP product will initially have a resolution of 1 km by 1 km, with a positional error of up to 1 km. Some future MODIS products will have a 250m x 250m resolution. The individual site data will be used as separate validation points for verifying information produced from the MODIS sensor.  An example global dataset of basic landcover types was used as an initial point of discussion by participants of the 1999 Hungarian International Long Term Ecological Research (ILTER) meeting.  An example subset of these data is shown in figure 1.  The data show the basic landcover scheme used by the International Geosphere Biosphere Programme  (IGBP) which uses 16 basic landcover types ranging from forest to shrublands to croplands to barren lands, snow cover and water.  The primary landcover types of the Eurasian data depicted in figure 1 is of croplands (red) or a mixture of croplands and natural vegetation types (yellow).
Figure 1.

Subset of the IGBP global land cover map covering part of the east European continent.
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Site sampling scheme:

Validating data for areas as large as 3km by 3km is not a simple undertaking, and in fact determining the value to match the data resolution of the MODIS sensor is difficult.  The ability to scale from the natural patchworks of landscapes to a homogenous single measure representing a 1km area is not a simple task.  Various methods can be used to take estimates of site measurements and scale them to a 1km or 3km by 3km area.  The goal of the estimate is to best determine a single value to be attributed to the coordinates of the central area of the 3km by 3km grid.  

A working group of the Hungarian International Long Term Ecological Research meeting considered the three measurements of land cover class (LCC), leaf area index (LAI) measurements, and net primary productivity (NPP) at the 1km and 3x3 km scales.  The working group considered schemes to derive an estimate for each of these measurements individually.  The determination of basic landcover type was considered to be the easiest, with individual estimates of LAI and NPP scaled to a 3km region, the most difficult.  The primary conclusion for a sampling scheme was to determine estimates of each 1km block within the 3km area individually, and then average the estimates together.  This average would be attributed to the center 1km area of land for validation of the MODIS satellite data, but the 9 individual 1km estimates within the 3km by 3km area would be valuable data to assist the validation effort.  

As a first real example, the Hungarian NPP demonstration project site, near Orgavany was considered.  The Hungarian researchers selected a 3km by 3km area of the site, and a detailed landcover map was produced.  A 1km grid was superimposed on the land cover classification and the detailed landcover classification was generalized for each 1km block within the 3km area.  The region is primarily covered with various grasses, interspersed with differing tree types, croplands, including vineyards, and bare ground.  The IGBP landcover map of figure 2 depicts this area as croplands surrounded with a mix of a cropland/natural vegetation mosaic.   The participants of the working group determined that the area was best depicted as grassland, and that a large number of LAI and NPP measurements would be needed to properly characterize the region.

Figure 2.

A magnified subsection of the global IGBP landcover database covering the region south of Budapest, Hungary.  The individual blocks of data in the image depict an area 1km square.
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A second example was considered to determine a sampling scheme for the Trebon Basin site located within the Czech Republic.  The site is an active research area and designated as a Man in the Biosphere (MAP) site.  This site and region, with current IGBP land cover estimates, is shown in figure 3.   It was determined that four general cover classes would be needed to describe the land cover within the 3km by 3km area at the center of the site.  The area is dominated by wetland meadow, and grasses in general.  The current central coordinates are classified as a cropland/natural vegetation mosaic in the IGBP land cover classification scheme but is probably more accurately described as a region of grassland and water cover. 

Once land cover classes are determined, the timing of LAI and NPP will be important for validation.  The Trebon area is harvested in mid-summer.  The historic monthly vegetation data for the area show maximal values between May and August.  The working group produced a recommendation during the meeting that LAI and NPP measurements should be made at some time between the months of May, June, July or August, with June, as the best time frame.  The note of the large change in data and observations should be evident in the weekly composite data generated by the MODIS sensor just after harvest each year.

Figure 3.
A large view and magnified subsection of the global IGBP landcover database covering the region of the Trebon Basin validation site.
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A third example was discussed for the NPP Demonstration project site within the Danube delta region of the Ukraine (figure 4).  This region and site contains a much wider distribution of vegetation types than the previous two examples.  It will be more difficult to determine single data values for a 3km x 3km area.  The interspersion of water within a matrix of differing land types also complicates determination of landcover types from the satellite-derived data.  For example, in the current landcover data there are a number of areas depicted as evergreen needle forest - an error attributed to a wide mix of vegetation types and landcover, including water, within a single 1km area. 

These first three sites of the NPP Demonstration project will provide valuable information to validate data produced from the MODIS sensor system.  The working group participants realized that the MODIS data at a 1km scale would not be extremely useful for the individual sites.  However, the information provided would be extremely useful for extrapolating what is known at the sites to neighboring areas, and especially the region and individual countries.  For example, by having access to landcover types and productivity estimates, each region or country could determine changes in various crop yields, or regional impacts of natural disasters such as drought.  The data will also be a valuable asset for collaborative efforts to compare local site information with that of other regions of the globe.

Figure 4.

A third example of a NPP Demonstration Project Site - A magnified subsection of the global IGBP landcover database covering the region of the Danube Delta within the Ukraine.
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Long-term ecological data are a valuable resource for scientists addressing questions at broad temporal and spatial scales.  The interdisciplinary nature of research about global change, biodiversity, and ecosystem sustainability often requires that scientists utilize data collected by other researchers.  Physical, biological, and chemical data sets that share a common spatial or temporal domain can be synthesized to model complex ecological systems.  In addition, as new research questions arise long-term data are being reused for purposes other than those for which they were originally collected.  Because human memory is short, it is vital that long-term data sets be thoroughly documented as they are collected to prevent information loss and to ensure that secondary users of the data can reanalyze it correctly.

To facilitate data reuse and sharing, data sets must be accompanied by detailed information, or metadata, that describe the context, content, quality, structure, and availability of the data set.  Without metadata, a data set consists only of columns of raw data that are of little value.  Metadata are the information that describe 1) what data are in a database, 2) how the data were collected, 3) the objectives of the researcher collecting the data, 4) the scale relevance of the data, 5) how the data set is structured, and 6) other relevant information that may affect secondary use of the data. 

Long-term ecological data present special challenges for data documentation.  Long-term experiments often go through changes in sampling procedures, instrumentation, personnel, disturbances to the study system such as flooding or fire, or other fluctuations in environmental conditions. Records of these and other factors that cause changes in the data are critical if the ecological significance of the data is to be correctly interpreted.  A systematic and standardized way to document and preserve such details is needed.  

While metadata standards exist for geospatial data (Federal Geographic Data Committee 1994), no such standard presently exists for non-geospatial data.  Michener et al. (1997), however, have proposed a set of generic metadata descriptors that could serve as a standard for long-term ecological data.  This system includes five categories of descriptors (Table 1).  Category I descriptors include basic attributes of the data set that indicate the temporal and spatial scales of the data, and an abstract describing the study objectives.  Category II descriptors include information about the study design, methods of data collection, and the personnel involved in the study.  Category III metadata indicate if the data set is available for secondary use, and how recently the data set and metadata have been updated.  Class IV metadata describe the structure of the data file, including variable names, variable definitions, and missing value codes.  Class V metadata document information related to the data set that may be helpful to a scientist reusing the data, such as publications based on the data set, problems with the data detected by other users, or the availability of voucher specimens.  

Documentation of all five categories of metadata descriptors for every data set is clearly impossible due to time and financial constraints.  The extent of metadata development depends on who the anticipated secondary data users may be (Michener et al. 1997).  If data exchange will occur with expert colleagues, then only Level I and Level IV descriptors are needed.  If metadata are to be useful to a broader audience, then Level I through IV metadata are recommended.  Level V metadata is always desirable.

Table 1.  Proposed metadata descriptors and examples (based on Michener et al. 1997)

Descriptors
Examples

Class I. Data Set Descriptors




a. Data set identity
Title of data set

b. Data set identification code
Unique identifying code for data set

c. Data set description
Investigator names and addresses; 

Abstract summarizing research objectives

d. Key words
Location and temporal scale of data




Class II.  Research Origin Descriptors




a. “overall” project description
Identity, originator(s), period of study, objectives of study, descriptive abstract, source of funding

b. “specific subproject” description
Site description (geography, habitat, geology, hydrology, climate, site history), experimental design, research methods, project personnel




Class III.  Data set status and accessibility


a. Status
Latest update, latest archive date, metadata status

b. Accessibility
Storage location, contact persons, proprietary restrictions




Class IV.  Data structural descriptors




a. Data set file
File name, size, format

b. Variable information
Variable names, definitions, units of measurement, range, precision, missing value codes

c. Data anomalies
Description of missing data, calibration errors




Class V.  Supplemental Descriptors




a.  Data acquisition
Examples of data forms, digitizing procedures

b.  Quality assurance/Quality control
Treatment of outliers, equipment performance

c.  Related materials
References and location of maps, photographs, GIS layers

d.  Publications


e.  History of data set usage
Log of who used data and for what purpose, comments from secondary users
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Introduction

The development of long term ecological research (LTER) at a national scale in Romania resulted from the need to understand and manage the complexity and the dynamics of ecological systems, including socio-economic systems (SES).  Our goals were: 

(i) to develop and improve the information system for the main components of the country’s Natural Capital (NC); 

(ii) to ensure complementarity between research and monitoring activities and to minimize costs of implementation; 

(iii) to improve the data and information quality concerning structural and functional dynamics of the main categories and driving forces of natural, seminatural and human-dominated ecological systems by taking into account their spatial and temporal organization; 

(iv) to develop methodology for extrapolating local findings to a larger scale for comparison with sites from national and regional networks; 

(v) to establish the complementarity between the structure, productivity and carrying capacity of the country’s NC on one hand, and the structure and metabolism of the national SES, on the other hand, during the transition towards a model of sustainable socio-economic development.

The conceptual basis of environmental science has changed and improved during the transition from “biological ecology” to “systems ecology”. Perception of the environment has changed from that of an assemblage of different abiotic and biological factors (soil, water, air, biota and human settlements) to one of a spatio-temporal hierarchy of ecological systems as real organized units (ecosystems, micro and macro landscapes, ecosphaera) characterized by complexity and non-linear dynamics, large space scales and time constants of years, decades or centuries (Odum, E. 1993, Pahl-Wostl 1995, Vadineanu 1998). LTER has became an important tool, complementing basic specific research and integrated monitoring, for the development of the knowledge base for the Information System (IS) concerning the organization, dynamics, productivity and carrying capacity of ecological systems.

The relationships between man and nature, more recently referred to as “development and environmental relationships” should be further reformulated and recast as co-evolution of NC and SES to reflect the new theoretical achievements in the field of ecological economics (Constantza and Daly 1992, Constantza 1995, Vadineanu 1998).

Long Term Ecological Research (LTER) projects have to address each category of ecological systems and be implemented in the framework of large research networks connected to regional and global scales. National networks are the core units supporting the development of LTER knowledge.

This paper reflects our desire to integrate the proposed Romanian LTER sites into the LTER international network. The Romanian network of sites were chosen using an identification process performed by a national academic network and included a series of preliminary actions:

(i) identification of those ecological systems where significant research and monitoring were carried out in the last 6 - 8 decades, 

(ii) quality assessment of historical data and knowledge (the identified gaps and uncertainties could became the targets of future LTER and integrated monitoring (IM)); 

(iii) launching an extensive research and assessment program for the next four years to establish the Romanian ecological network (REN), to identify the reference status for REN and each major category of ecological systems, to reshape and strengthen the integrated monitoring systems, to improve the network of protected areas, etc; 

(iv) design and development of the IS for each for the selected sites and the respective guidelines for their management.

At this stage, about 18 macrolandscapes have been identified as components of the Romanian core network of LTER and IM (Fig. 1).  This list includes representative sites of the main ecoregions identified on the Romanian territory, most of them belonging to the Lower Danube River System - LDRS (the last 1080 km of the river, including the associated Black Sea coast), the Carpathian Mountains (over 54% of them being located on the Romanian territory) and other terrestrial and wetland systems in the Danube river watershed (covering 99% of the Romanian country surface). For each of the listed sites, the process for description of spatio-temporal organization based on historical data as well as the research and monitoring activities is in different stages of implementation. For some of them, which are presented in this paper, this process is already completed (in italics), while others will be identified in the next four years:

a1. Danube Delta Biosphere Reserve (580,000 ha)

a2. Small Island of Braila (24,000 ha)

a3. Lower Prut River (10,000 ha)

a4. Ciuperceni Wetlands (6,000 ha)

b. Rarau/Dorna/Slatioara (100,000 ha)

c. Pietrosu Mare Biosphere Reserve (44,000 ha)

d. Bucegi/Piatra Craiului (100,000 ha)

e. Retezat Biosphere Reserve (55,000 ha)

f. Iron Gate/Valea Cernei (175,000 ha)

g. Glavacioc/Gavanu (10,000 ha)

h. Apuseni (37,900 ha)

The description of these sites includes the geographical location, the main hydro-geomorphological features, ecological systems, research programs implemented, and institutional and logistic support.

Characteristics of some Romanian LTER Sites

Site a1. The Danube Delta Biosphere Reserve

Location: 44020'40''S, 45027'00''N, 28010'50''W, 29042'45''E. 


    Mean elevation is 0.5 m above sea level (between 0 – 12.5 m)

Climate

The 45th parallel runs through the reserve and has climatic significance which, associated with the humid nature of the area, has an important influence on the migratory pathways of birds.

Main hydrogeomorphological features:

The Danube Delta is one of the most important wetland areas of Europe because of its biodiversity, surface area and geographical position at the end of the second largest river in Europe (but the first in terms of navigation and connections among Central European Countries and between the Black Sea and the North Sea).

With a surface of 415,200 ha (344,600 ha in Romania, and 70,600 ha in Ukraine), the Danube Delta receives the drainage from 805,300 km2 and discharges annually about 200 km3 of water and 26 million tons of solids in the North - Western Black Sea, representing 76 % of the total fresh water input to the sea (Gastescu, 1993). From the total length of the Danube River of 2,860 km, a large lower floodplain (10 - 30 km widths) is associated with the last 780 km just upstream of the delta (Fig. 2).

The Danube Delta Biosphere Reserve (DDBR), with a total surface area of 580.000 ha, comprises six main large hydrogeomorphological units (HGMUs) including not only the ‘real’ delta between the three arms, Chilia, Sulina and St. George (254,400 km), but the adjacent zones also: Dranov floodplain of 87,600 ha connecting the river with a large complex of lagunar lakes Razim - Sinoe (101,000 ha), secondary Chilia delta (73,200 ha under Ukrainian administration), a limited sector of 50 km of the river stretch and floodplain upstream of the delta (34,000 ha) and the 102,547 ha of the Black Sea littoral waters up to the isoline of 20 m depth (Fig.2). From an administrative point of view, the actual structure of DDBR comprises 50,600 ha of strictly protected area, 253,000 ha of buffer area, and 386,100 ha of transition area (Vadineanu et al., 1998).  The current geomorphology of the delta is the result of the interaction between the river and the sea during the Holocene period, beginning some 1,600 years ago.
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Figure 1.  Components of the Romanian Network of LTER and IM.
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Main ecosystems:

The Danube Delta is a heterogeneous and dynamic complex of natural and seminatural ecosystems (70%) of various types and in different succesional stages, including lakes, swamps, channels, river branches, reed wetlands, grasslands, dunes, forests (oak and older willow) as well as human-transformed and human-controlled ecosystems (30%) devoted to intensive agriculture, forest plantations (mainly poplar), and fish farming.

The most important surface areas belong to the aquatic and wetland systems (about 44% and, respectively, 37%). The Danube Delta is exceptionally important for a series of ecological values at local, regional and global scales (“landscape and species diversity, buffer and productive potential, natural laboratory, significant contribution for regional and global natural control and tourism”). The very rich and diverse DDBR landscape includes 9 categories of ecosystems, each having its own heterogeneity and leading to more than 50 different habitats (Table 1).

Table 1. Major categories of the Danube Delta ecosystems.

Ecosystem category
Surface area (ha)

1. Natural aquatic 

    1.1. Running water ecosystems: the three river branches (269 km) and River Stretch between Galati  - Tulcea (50 km), natural (1742 km) and man made Channels (1,758 km).

    1.2. Lakes and ponds including the Lake Complex    Razim - Sinoe
112,000

11,000

101,000

2. Human dominated aquatic (fisheries)

    12,000 ha of the former fish ponds established in the 60s are abandoned.
40,000

3. Swamps and bogs

    130,000 ha are covered with ‘reed beds’ (plaur)

    Very rich ecosystems in both plant and animal species
150,000

4. Frequent flooding areas

    Important habitat for fish spanning and feeding young fish as well as very productive pasture
86,000

5. Natural terrestrial

    5.1. River bank ecosystem. Small surface are used by local population for traditional agriculture

    5.2 Marine levee ecosystems including:

          Letea and Caraorman Forests

          Bushes

          Sandy steppe

          Vegetation on saline soil
25,700

1,000

1,800

1,400

8,100

13,400

6. Agro-ecosystems

   including the largest polders:

          Pardina 

          Sireasa

          Carasuhat

          Dunavat
53,000

27,000

7,800

2,800

2,500

7. Planted forests
8,200

8. Human settlements

    (12 rural and one urban ecosystems inhabited by a small local population 15.600 individuals)
2,553

9. Littoral waters
102,547

Total
580,000

The analysis of historical data and those provided by the ongoing process dealing with the updating and improvement of biological diversity descriptions show clearly that the delta system contains very rich communities (Table 2), which encompass at least 1688 plant and 3800 animal species.

Table 2. Species richness in the Danube Delta (from Baboianu, 1998)

Category
Total
New for DDBR
New for Romania
New for science

FLORA

Alga
562
2
-
-

Fungi
47
5
-
-

Marine fungi
14
-
14
-

Cormophyta
945
409
14
-

Total flora
1668
416
28
-

FAUNA INVERTEBRATES

Worms
446
101
37
4

Molluscs
106
-
-
-

Spiders
240
66
17
1

Crustaceans
146
10
-
-

Miriopods
34
11
1
-

Insects
2419
312
48
14

Total invertebrates
3391
500
102
19

VERTEBRATES

Fish
82
-
2
1

Amphibians
9
1
-
-

Reptiles
12
-
-
-

Birds
200
-
-
-

Mammals
41
-
-
-

Total vertebrates
344
1
2
1

TOTAL FAUNA
3735
501
104
20

Research programs implemented:

Basic and applied research carried out in the Danube Delta has yielded much data on hydrology, sedimentology and morphodynamics, structure and dynamics of plant and animal communities, especially entomophauna, structure and dynamics of fish and bird populations, intensive fisheries, poldarisation, intensive agriculture and most recently, rehabilitation of some former wetlands. Unfortunately, little data can be utilized for practical management because of the highly sectorial and small scale approach. Only in the last 20 years has systems-based research developed knowledge at an ecosystem and landscape perspective: (i) a 3 years extensive research program (1980/1982) for identification of types of ecosystems and transition zones and (ii) an 8 years intensive research program on the characteristic water bodies (8-11 representative lakes) in terms of trophic structures, energy flow, heavy metals distribution, biogeochemical cycles of N and P, and primary and secondary productivity (Botnariuc et al., 1987, Cristofor, S., 1986, 1987, Nicolescu et al., 1987,Vadineanu and Cristofor, 1987, Vadineanu et al., 1987, 1992, Cristofor et al., 1992, 1993, 1994, Keller et al. 1998, Jamil et al., 1999). Over the same period, the monitoring programmes have changed from a sectorial approach on chemical and physical indicators towards an integrated ecological one.

Institutional and logistic support:

The Management Plan for the Danube Delta Biosphere Reserve was elaborated in 1994 following its new legal status: (i) Biosphere Reserve; (ii) World Heritage Site; and (iii) Ramsar Site. Four zones are delineated: (i) strictly protected areas; (ii) marine and coastal buffer zones; (iii) terrestrial and freshwater buffer zones; and (iv) areas for sustainable socio-economic development (DDBRA, 1995). The Plan comprises 35 Management Objectives and 87 Management Projects.

The administration and management of the DDBR is separate from, but linked to, the local government structures that operate within the reserve. Within the DDBR there are lands under national control, lands under local government control, and land that is privately owned, distributed between seven districts and the town of Sulina. The body responsible for administration and management is the DDBR Administration that has the status of a regional environmental agency.

The main institutions involved in the implementation of the long term research and monitoring program launched in late 70s are:

· Danube Delta Research and Design Institute/Tulcea;

· Department of Systems Ecology, University of Bucharest (including the team from the Field Station in Braila/LDRS);

· Institute of Biological Sciences/Laboratory of Hydrobiology/Bucharest

· Institute of Geography/Laboratory of Hydrology/Bucharest

· Institute of Geology/Laboratory of Sedimentology /Bucharest

· Romanian Center of Marine Geology and Geochemistry

· Institute for Research and Environmental Engineering/ Bucharest

· Center of Biological Research/Cluj

· “Babes-Bolyai” University/Cluj

· “Alexandru Ioan Cuza” University/Iasi

· Center of Biological Research/Iasi

· Romanian Marine Research Institute/Constanta

· Fish Research Center /Galati

· National Institute of Hydrology and Meteorology/Bucharest

Site a2. The Small Island of Braila (Nature reserve)

Location: 

44047’52” S, 45010’25”N, 27049’05”W, and 27059’54” E, between 0 –12.5m elevation.

Climate:

Mean annual temperature is about 11oC, but a difference of 25oC is recorded between winter and summer mean values. Annual precipitation lower than 500m and quite frequent drought are registered; winds from north and north – east are dominant.

Mean intensity of solar radiation is 1cal/cm2/min, with maximum values exceeding 1.4 cal/cm2/min during summer periods and 1.1 cal/cm2/min in winter.

Main hydrogeomorphological features:

The Small Island of Braila is a component of the Lower Danube River System, a key complex of wetland ecosystems closely related through its long distance connections to regional and global ecological processes.

Upstream from the Danube Delta, between km 175 and km 237 of the Danube River stretch, a large complex of wetlands, shallow lakes, channels, and flooded levees developed from riverine dynamics over a geological time scale. The large hydrotechnical works performed in the last decades have induced structural changes in this inland delta called “Braila Marsh”, about 75% of its area being reclaimed for intensive agriculture use. The Small Island of Braila is the most important of the remnant flooding area under natural hydrological conditions, with a very significant role for both actual functioning and potential rehabilitation of the LDRS.  It is bordered by the navigable arm of Danube River and one of its secondary arms (Valciu) and encompasses 7 small islands:  “Ostrovul Mic”: 9625 ha; “Varsatura”: 1137.5 ha; “Cracanel”: 1037.5 ha; “Chiciu”: 280 ha; “Calia”: 291.5 ha; “Fundu Mare”: 1950 ha; “Harapu” 262.5 ha.
Main ecosystems:

The Small Island of Braila contains representative habitats for the floodplain and for the former inland delta.  The total area of 23,000 ha is distributed as follows: 

· alluvial forest (18%)

· meadow (24%)
· marshes and cattail swamps (19%)
· ponds (22%)
· Danube arms (18%)
It represents a complex of ecosystems in different successional stages, characterized by a strong connectivity.

Being located at the half way on the migratory routes between sites of Northern Europe and winter refuges from Africa, this complex of ecosystems is well known for its ornithological importance, and thus an integrated management plan for these habitats is a priority.

The available data show that such relatively small scale wetlands contains 14 types of habitats listed in the EU-Habitat Directive, 34 bird species listed in the EU-Bird Directive, and 16 other wildlife species listed in both EU-Habitat Directive and Bern Convention.

Despite the impacts of ecological changes caused by regulation works and eutrophication on many fish and bird populations, the Small Island of Braila has an ecological structure that is similar to the reference system, which was identified based on data from the period 1952-1965.
Research programs implemented:

Two main categories of sources of existing data in the last four decades could be mentioned: a monographic paper on some representative parts of LDRS (i.e. Iron Gates Reservoir, Crapina-Jijila Lakes and the Danube Delta) or on the country animal and plant species (i.e. Romanian Flora, Romanian Fauna). 

Since 1990, the research activities performed were targeted on the development of the information and knowledge base concerning the productivity and carrying capacity of this complex ecosystem, the outputs being of a crucial importance in redesigning of landscape structure of LDRS, a priority requirement for the sustainable socio-economic development.

The riparian systems received special attention within these research programs as very sensitive and important ecotonal zones between river and floodplain or between the LDRS and entire catchement area. The first results of national and international programs focused on this problem are very recent and cover large scales (Cristofor et al. 1996) as well as specific compartmental and local scales (Sarbu et al. 1996).

Recent studies were focused on the following issues: i) to characterize spatial heterogeneity of the LDRS in terms of different levels of biodiversity, ii) to describe the main changes induced by human activity on the LDRS structures and iii) to identify the effects of these changes on ecosystem structure in terms of changes induced on communities and species diversity in selected representative zones.

From this point of view the main research programs implemented were:

· Functional Role of Biodiversity (National University Research Council)

· European River Margin System as Indicator of Global Changes (ERMAS I)

· European River Margins System: Role of Biodiversity in the Functioning of Riparian Systems (ERMAS II)

· Functional Analysis of the European Wetland Ecosystems (FAEWE)
Institutional and logistic support:

The “ Small Island of Braila” is a Natural Reserve (IUCN IV category), since November 1994 through a statement of Braila County Council No. 20/29.09.1994 and through law no. 137/1995 regarding nature conservation.

An integrated management for the Nature Reserve “Small Island of Braila” was proposed under the European Union’s (DG XI) LIFE – Nature 98 Programme. The development of this plan is one objective of Romania’s National Strategic Action Plan for Biodiversity Conservation supported by the Ministry of Water, Forestry and Environmental Protection. 

Management and administration of Small Island of Braila is linked to the government structures, but has also special administration:  “The Administrative Council of the Small Island of Braila”.

Main institutions involved in the research programs carried out are:

· Department of Systems Ecology/University of Bucharest (including the team from the Field Station in Braila/LDRS);

· Institute of Biological Sciences/Bucharest

·  “Lower Danube” University/Galati

Site c. Pietrosu Mare Biosphere Reserve (44,000ha)

Location:

47o40’ N latitude and 23o00’ E longitude, located in the East Carpathians – Rodna Mountains.
The elevation is between 900m and 2,303m above sea level.

Climate:

The mean temperature is 6oC at 950m and –1.5o at 2,300m, while the extreme values are: -31oC and 23oC at 1,800m. Precipitation varies between 900-1,400mm/yearly. Mean snow strata is of 90cm and the number of days with snow cover between 100-250/year. Dominant winds are from SW and W, NE and E. Solar radiation at 1,000m is of 114.3 kcal/cm2/year and 107.5kcal/cm2/year at 2000m.

Main hydrogeomorphological features:

Rodna Mountains represent the highest massif of all East-Carpathians. The reserve area is located in the richest zone of Rodna Mountains with three branches: Buhaiescu Mare, Rebra and Pietrosu-Picioru Mosului. Some glacial age relicts like cirques, horns, hanging valleys and rock step lakes, give a particular aspect, dominated by sharp peaks and erosional landscape. 

From the total area of 44000 ha, the core area has a surface of 8,200ha, including 5,100ha natural and seminatural forests and 3100 ha of alpine shrub-lands and pastures. There is a buffer zone of 11,800 ha and a transition area of 24,000ha.

Solification rock consists of crystalline schists belonging to three series: mezo metamorphic of Bretila, epi metamorphic of Repedea and mezo metamorphic of Rebra.

Main categories of ecosystems:

The dominant ecosystems for the different altitudinal zones and the plant associations and soil types are:

· Mountainous beech forests and mixed forests, characterized by the dominant associations  Symphyto-Fagetum, Phyllitio-Fagetum, Hieracio rotundati-Luzulo-Fagetum, Pulmonarium rubrae-Abieti-Fagetum. According to the FAO/UNESCO system, soils are mainly Chromic luvisoils.

· Boreal spruce forests (dense stands) in the high mountain zone, with the dominant associations: Hierarcio rotundati-Piccetum, Leucauthemo-Piccetum, Festuca rubrae-Agrostetum capillari. Soils are mainly Dystrict Leptosols, Umbric Leptosols and Ferric Podzols.

· At the subalpine inferior level open stands of spruce and Pinus cembra are dominant with the following association: Rhododendro myrtifolii-Pinetum mugi, Vaceinio-Rhododondretum.  Soils are mainly Eutric Leptosols and Haplic Podzols.

· Spruce forest limit in the subalpine superior zone with dominant association: Rhododendro myrtifolii-Pinetum mugi, Vaceinio-Rhododondretum and Leptosols and Haplic Greyzems.

· In the alpine zone prairie is dominant, with the characteristic associations: Caricetum curvulae, Cetraria-Vaccinietum. Ranker, Regosols, Greyzems and Histosols dominate soil cover.

About 650 plants species are present in Pietrosu Mare, 39% being Eurasian but also endemic species for Carpatho-Balcanic space (7%), endemic for Carpathian (5%) or endemic only for Rodna Mountains (Lychenis nivalis, Soldanella hungarica spp.hungarica, Saussurea porcii, etc.).

Research programs implemented:

Research studies performed in Rodna Mountains have focused on different aspects, as follows:

· Detailed geological, geomorphological and pedoclimatic studies, between 1938-1978 (Sarcu, 1978);

· First botanical studies consisting of the description of more than 2,000 species were carried out between 1788-1899.

· Phytogeographycal synthesis 1898-1990 (Coldea, 1990);

· Dynamics of subalpine vegetation under human impact: 1960-1999;

· Mapping of forest cover and evolution of forests in the last 60 years;

· Monitoring of fauna and vegetation under the influence of protection measures in the Biosphere Reserve-Pietrosu Mare: 1967-1999 (Popa, 1999);

· Ecological reconstruction (rehabilitation) of subalpine sites degraded by grazing trough plantation of Pinus mugo.
Institutional and logistic support:

Pietrosu Marewas designated as a Natural Reserve in 1979. It was enlarged in 1999 from 3,300ha to 44,000ha. Zonation, development of a new management plan and improvement of the administrative infrastructure are in progress.  The administrative authority is “Forest Directorate: Maramures County”.

The main institutes involved in the research activities are:

· Biological Research Institute Cluj-Napoca

· Forest Research and Management Institute Bistrita and Campulung Moldovenesc

· Forest Direction – Baia Mare

· Romanian Academy – CMN (Committee of Nature Conservation) – Bucharest

· Natural Science Museum – Baia Mare

Facilities supporting the research activity:

There is a laboratory facility located at 1460m for the subalpine and forest zone and another one near the meteorological station, at 1800m.

Site e: Retezat Biosphere Reserve (55 000 ha)
Location:

45o15’ – 45o30’ N latitude and  23o40’ – 23o04’ E longitude.

Retezat Biosphere Reserve is located in Romanian Southern branch of Carpathian Mountains, in Hunedoara county. 

Climate of region is  temperate  - continental, influenced by the mountain altitude: it is more cold and humid. The yearly average temperature varies between 6o C on the mountain base and  –2 oC on the top; annual precipitation is between 900 mm at the mountain base and 1300 mm and just more at higher altitude.

Main hydrogeomorphological features:

This Biosphere Reserve is mountainous, with altitudes between 650 m and 2,509 m. Most of the Reserve is situated in the Retezat Mountains but some area is in the Godeanu -Tarcu Mountains and Oslea Mountains.  The Reserve is 55,000 ha in size, of which 38,047 ha is Retezat National Park, from which 4,600 ha is Scientific Reserve. The rest is used by local inhabitants as forests, grasslands, orchards and arable lands. There are some settlements (11 mountain villages and towns). In the Râul Mare hydrological basin (between Retezat and Tarcu – Godeanu mountains) a dam has been built and some rock deposits and roads have resulted. Danubian metamorphic rocks dominated by crystalline schists compose the ground region of discussion. Mesozoic limestones in the south and south-east of the massive are important sedimentary formations.
Main categories of ecosystems:

Three belts of vegetation are present: 


-montane belt comprising the whole forested area of the mountain, with a subbelt of beech (Fagus silvatica) forest (700-1050m) followed by mixed beech and coniferous forest (Fagus silvatica, Abies alba, Picea abies) (1100-1350m)and subbelt of spruce (Picea abies) (1350-1650m)


-subalpine belt of timberlines spruce forest Picea abies and rarely Pinus cembra) (1700-2100 m) and Pinus mugo shrubs (2250-2500 m)


-alpine belt of primary grassland and low oligoterm shrubs (2250 – 2500 m).

The rich biodiversity of Retezat Biosphere Reserve was expressed by 1180 vascular plants and 1817 cryptogamic species present in the 61 plant associations, each of them with high species diversity. 

44% of the plant species are Eurasian but 5.2% of the identified species in the area are rare and endemic for the Carpathians, endemic only in Retezat being 2.0%; One of them, Draba dorneri, covers 400 sq. m on the earth.

Most important for genera Poa and Hieracium is “Gemenele” Scientific Reserve because it is considered an European genetic center; this area is important not only for flora but for fauna too.

Some threatened animal species at the national level were found: 3 fish species, 2 reptile species, 14 bird, 5 mammals, as well as 12 endemic invertebrate species (from 1500 taxons). Among mammals, brown bear, lynx and wolf are spectacular.

In the 700 caves from the carst zone an interesting fauna is found.

Research programs implemented:

Three chronological stages of the research studies performed in Retezat could be noted:

· From 1753 – until the creation of National park Retezat (1935).   Studies have been focused on flora, geology and geography of the region.

· From the setting up of Retezat National Park until 1980,  investigations have been done on geomorphology, floristics, phytocoenologic, pallinologic as well as on faunistic aspects of the area.  Some important monographs have been published (Nyarady 1931,1958, Ienistea 1933, Borza 1934)

· From 1980 up to the present, the research activity was focused on structural and functional dynamics of the ecosystems.

Two volumes of ecological synthesis were published, in 1984 (Recherches écologiques dans le parc national de Retezat, published by Romanian Academy in Cluj Napoca), and in 1993 (National Retezat Park – ecological studies, Brasov).

Institutional and logistic support:

The National Park Retezat was established in 1935, December by law 137, for 13,000 ha area out of which 1840 ha is a Scientific Reserve.


-In 1950 – 1954 it was extended to 20,000 ha, including the carst region Retezatul Mic)


-In 1998 it has been again extended to 38,047 ha


-Lacking its own management, the Park had not the best existence, although there were 6 guardians of CMN of Romanian Academy; therefore, beginning 1999 it will have a new administrative structure.

The first research activity in this area was started in Cluj Napoca:


-Faculty of Biology


-Botanical Garden


-Institute of Biology

Later up to today more scientists from Bucharest have been involved in research activity: 


-Institute of Biology – Romanian Academy


-Faculty of Biology and the Department of Systems Ecology, University of Bucharest


-Institute of Forest Research and Management


-Nature History Museum “Gr. Antipa” from Simeria: Dendrological Station (belonging to Forest Institute) from Deva: County Museum – Section of Nature Sciences

Facilities supporting the research activity

· Three houses of the Romanian Academy located at Gura Zlata, Rotunda (on Râul Mare River) and Pietrele (on Nucsoara river) at approx. 800 m altitude offer the space for accommodation.

· In the middle of Scientific Reserve the Laboratory House “Gemenele” (about 1600 m), belonging to the Romanian Academy has the facilities for initial processing of samples and data collecting.
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Fig.2  The catchment area of the Danube River including location of the Lower Danube River System (encompassed by quadrat) and of the Lower Floodplain (shadow zone) as well as the main hydrogeomorphological units of the LDRS including Small Island of Braila (2) and Danube Delta (4,5, 6,7, 8).
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