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�Introduction

Over the past decade, computers have become increasingly available and easy to use. As a result, many data banks of very different content and on very different scales have been constructed or are being planned which deal with - or refer to - data on organisms. Examples include international or local checklists of organisms, phytogeographic databases, or projects to computerize natural history collections. High-quality data are often found in data files resulting from personal research.

Recent developments in the field of computer networking now favour, at least in theory, an easy interconnection of different data banks with similar contents. A main problem, however, lies in the fact that even very similar data banks often are organized on the basis of very different data structures. This poses a major obstacle in the way of connecting several data banks into an efficient, information-providing network. Projects like the Species 2000 initiative (Bisby, this volume) have been proposed to overcome this difficulty by means of modern networking techniques. However, common data structures and standardization of data content are the most effective means to reach compatibility.

Models are needed which provide project-independent data structures to be used in the design of databases that include biological data. CDEFD ("A Common Datastructure for European Floristic Databases") is a concerted action project financed under the European Commission's third framework program which has set out to provide such models to the biological community and to database designers. The core of this work was formed by a detailed datamodel for botanical collections (including lichens and fungi), which was widened in scope to include other natural history collections and microbiological culture collections. 

The present model is part of a larger model which tries to provide a unified view of biological information, including taxonomic, nomenclatural, ecological, bibliographical, and geographic components, as well as the results of studies (descriptors) in individual branches of biological sciences. For taxonomic data in botany, as well as for literature citations and the data area concerned with person names (author teams, collectors, etc.), CDEFD accepted the datamodel elaborated for the IOPI Global Plant Checklist (Berendsohn 1994) with minor changes, which have been incorporated in version 7.3 of that model.

The provided data structures are very complex, attempting to incorporate all available information into a single model. To fit the particular needs of a given data bank they can easily be modified and simplified. The model allows the designer to assess the consequences of the simplification process, particularly in regard to restraints on future extensions of information content and possible incompatibilities with other databases. The complex model thus provides a reference tool for the planning of specific databases. In addition, the model supplies guidelines for the definition of data fields and thereby provides a base for the discussion of data standards.

One of the main problems encountered by CDEFD was the immense diversity of data found to be connected to floristics, botany and biology in general. Consequently, one of the principal tasks was to extract general structures and to construct a framework for specific data. The discussion was complicated by the fact that several categories have to be considered in parallel:

Scale: dinosaurs, down to microbes and chemical substances

Field site: Geographical designation and ecology

Place of storage: institute, room, drawer in a cupboard, compartment in a deep-freezer, etc.

Taxon: Botanical vs. mycological vs. bacteriological vs. zoological collections

Substance: Information vs. physical objects

Definity: Living vs. dormant vs. dead (e.g. bot. garden vs. seed-bank vs. herbarium)

Time-sequence of events: Gathering, preparation, distribution, long term storage

Administration: Ownership, transactions (loans, sales, exchange, etc.).

In an attempt to subdivide the information, the following large-scale data areas were identified:

Field data: Information about the who and where of a collection or an inventory record, and data resulting from field observations.

Collection management data: Information directly relating to the management of stored objects (units in voucher collections).

Descriptors: All data which are the result of a process of observation or analysis carried out on what we termed a "biological object" (i.e. a name, a potential taxon, a specific collection or observation site, an organism in the field, or a physical object in a collection).

Study data: The informational framework of biological investigations, including methodological data. A study is carried out on one or several objects, and the results are descriptors of these objects.

CDEFD tries to provide a complete model of unit data for collections of any scale. Place of storage and administration is completely covered. Examples from microbiological and herbarium collections are presented to cover the aspect of definity. Field data are also analysed in detail, and in this context the question of substance (observation vs. collection) is treated. However, geographical and ecological collection site data proved too extensive to be covered comprehensively, and the data collected in the form of field descriptors vary strongly depending on the context of the collection so that only examples are provided. Examples for non-floristic descriptors and studies are provided by the models treating karyology (Berendsohn & al. in print) and secondary metabolites (Jakupovic & al., in prep.).

Modelling Techniques: Terms and Concepts

From the beginning, the CDEFD modelling effort was torn between two contradicting approaches. The purist's approach to information modelling asks for an analysis of the problem domain entirely independent of the implementation, because techniques and theoretical approaches change rapidly. On the other hand, people in need of organizing their data here and now call for a function-oriented way of modelling, providing rapid solutions to imminent problems.

The model as here presented is a compromise between these approaches. On the one hand, it is the result of a comprehensive and time-consuming effort of data analysis and definition. For example, naming and delimitations of the major entities in the model alone went through more than a dozen profound version changes in the course of the project. However, the rules of modelling, particularly those defined by Chen (1976) for Entity Relation Modelling were somewhat bent to achieve results directly significant for implementation efforts: With the possible exception of subtypes, entities in the model directly represent relational tables, keys are defined, and n-to-m relationships are resolved in cases where they have attributes apart from the foreign keys. In some cases, even implementation shortcuts are incorporated into the model.

Names of data items and entities are italicized where they are explained in the text. Entity names are always cited capitalized. Entities may be duplicated in diagrams accentuating specific aspects of the model.

Terminology

The following definitions and concepts have been intentionally kept simple; for a detailed theoretical approach textbooks about database models and set theory should be consulted. With few exceptions, the definition of terms given follows Microtool (1995).

Attribute: Corresponds to the header of a column in a relational table (field name). A concrete instance assigned to an attribute is called an attribute value.

Data element: A class of qualities being used to describe various operational units used by the CASE system to express data. In the present model, a data element must be assigned to every attribute. Data elements are unique, but more than one attribute and/or data item may have the same data element assigned to it. The qualities which can be defined include semantics (description of its problem-domain meaning), technical type (e.g. "Integer", "Char(5)"), value range (a condition for, or an enumeration of the permitted values for the range), and default value.

Data integrity rules: Semantic rules for the creation, deletion, or modification of records. In contrast to the rules defined by relational integrity, data integrity rules usually have to be enforced by the functions specifically designed for the problem domain rather than being implemented in the underlying relational database system itself.

Entity: An abstract type of object, the instances of which can be mapped into a relational table, i.e. a table containing a header consisting of a set of attributes, and a body consisting of a variable set of tuples (rows with values for the attributes). Duplicate tuples or attributes are not allowed. The term Entity as used here corresponds to Entity-Set in Chen (1976) and to Entity-Type in MicroTool (1995).

Event: Entities bearing an "event" suffix contain or link data items which describe a particular action or incident taking place at a defined point in time. They should not be confused with events acting on these data in an object oriented information flow model.

Part: A separate data structure diagram referenced by another DSD. Indicated by a little arrow pointing to the bottom of a shaded data box.

Subtyping: Classification of some of the attributes of an entity (supertype) into several additional entities (subtypes). A subtype inherits all of the attributes of its supertype, but also has additional attributes (ASC 1992). Another way to express this is that the supertype set is the intersection of the attributes of all subtype sets.

Data Structure Diagrams

A data structure diagram (DSD) is the result of a process of hierarchical decomposition of a complex data area, which is subdivided as far as possible (and reasonable). DSDs are hierarchical tree diagrams depicting "may consist of" relationships between data items if read from top to bottom and following the connecting lines (Diagram 1). The boxes in the diagram may represent

Intermediate complex data items which are further subdivided in the diagram

Fully atomized data items, represented by an attribute which can be directly used as a field definition in a database table.

References to complex data items detailed elsewhere: Instead of listing attributes, a reference to an entire entity may be made (entities may be depicted by a data structure diagram with only one row of data items - attributes - below the header item). Another possibility to make a reference to several data items is to include a part, i.e. a reference to a separate data structure diagram.

Conditions: The "consists of" relationship may be modified by conditions written in boxes which are marked by an abbreviation on the right hand top of the box defining one of the following conditions: 	�"IF": Data items below this box are to be read only if the condition is satisfied	�"EXCL" (= exclusive alternative): Same as "IF", but several such conditions exist which are mutually exclusive	�"LOOP": Data item is repeated as many times as indicated in the condition.
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Diagram � SEQ Diagram \* ARABIC �1�: Data structure diagrams

Attributes are marked by the abbreviation "Attr." on the right hand top of the box. A little arrow pointing to the bottom of a shaded data box indicates that it represents a part, a little arrow pointing to the bottom of an unshaded data box indicates entity. The name of the entity is given in parenthesis in the box. 

DSDs may span several entities. Fully resolved DSDs (without references to complex data items) are related to "views" in a relational database system. Loops in the DSD represent a one-to-many relationship if read from the top.

Entity relation model (ER-) diagrams

Here defined as a network diagram depicting a number of entities together with the relationships connecting them. The diagram is read along the connecting lines, starting with the entity name, followed by the descriptive text nearest to it, then the cardinality (i.e., how many instances of the second entity are referred to the instance in the first one) and, finally, the name of the second entity.

The cardinality may be "1" (exactly 1), "C" (0 or 1), "N" (1 to many), or "CN" (0 to many). The "C" is for conditional relationship, i.e. it is possible that no instance is referred to. Example:
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Diagram � SEQ Diagram \* ARABIC �2�: ER-diagram

Reads: A scientific name has exactly 1 corresponding name rank. A name rank is assigned to 0 to many scientific names.

In some cases it may be appropriate to assign some of the attributes of an entity to a separate entity, because they are used only under specific circumstances. For example, a collector as well as the author of a taxon name is a person, but there are a number of attributes referring only to taxon authors or to collectors. Such "is-a" relationships may be expressed by classification relationships (Person being the super-entity, Author of Scientific Name a subtype). A super-entity is connected to its sub-entities with a line marked by a triangle. Example:
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Diagram � SEQ Diagram \* ARABIC �3�: Classification relationship (subtyping)

Reads: Person may be a collector and/or an author of a scientific name.

This is an inclusive relationship (and/or), represented by the outline of a triangle, i.e. a person may be a collector and/or an author. If the relationship was to be exclusive, the triangle would be filled. An equal sign within the triangle indicates that the classification is complete, i.e. only the subtypes shown exist.

Up to now, relatively few database management systems give direct support for subtyping. However, in traditional systems subtypes may be implemented either by directly including the subtype's attributes in the super entity, or by including the attributes of the supertype in the subtypes, or by forming 1-to-C relationships between super entity and subtype. The two latter possibilities are not supported by relational systems, application programming code must handle data input and integrity. 

Terms and Entities taken from other models

Taxonomic information is treated in detail in the IOPI-ISC information model (Berendsohn 1994). This model includes the following entities which are repeatedly used in the present model but which have not here been resolved:

Scientific Name: The basic botanical name without any attached taxonomic or nomenclatural information, including hybrids, cultivars, races or strains, and unnamed taxa.

Potential Taxon Name: Taxon names with a circumscription reference, which clarifies the taxonomic concept of the names application, including its classification, synonymy and nomenclatural status (see Berendsohn 1995).

Reference Title: Entire reference citations, including publications, databases, in-citations, and "informal references" such as personal communications or notes.

Person Team: A person or a number of persons in a defined sequence (see Elankovan & al., this volume).



Framework of the Information Model

� EMBED Word.Picture.6  ���

Diagram � SEQ Diagram \* ARABIC �4�: Core ER-Model

The concept of a Unit as a physical object in the field or in a collection is central to the CDEFD model. It includes organisms observed in the field or soil samples taken, herbarium specimens, microbial strains, or even pure substances in a natural products collection. Field data, taxonomic identifications, curatorial activities, collection management data as well as all kinds of descriptive data, are linked to units. Diagram 4 and Diagram 5 illustrate the backbone of the CDEFD collection model. All entities and data items mentioned here are later described in more detail.

The Gathering Event as an entity links the data on the collected items or observations with the information about the gathering and the description of the site of the collection or observation. The super entity Collection Event defined in the ASC model (ASC 1992) is roughly analogous to this construct. The structure of the gathering event and site information are detailed in Diagram 6 to Diagram 10.

The unit subtype entity Gathering or Field Unit is the central interface for all field data belonging to a particular object or observation. Every instance carries a specific identifier (e.g. a collection or sample number, see Diagram 11). The data are recorded while all collected materials are still united in the field. The delimitation of the gathering or field unit (i.e. which materials collected in a gathering event form a unit) depends on the collector's criteria and/or on the kind of organism (one or several taxa may be included).

The selection of Field Descriptors strongly depends on the objective of the sampling or observation. For example, ethnobotanists will use a field descriptor set which accentuates plant uses, a dendrologist will record more information about a tree than the usual botanical collector, for whom in turn recording the life form of a plant is a necessity. In inventory projects such as those carried out for floristic mapping, field descriptors may even be lacking, only a taxonomic identification and presence-absence data being recorded. Typically, data found here include features which cannot be observed or which are likely to change in the collected materials themselves, e.g. the height of a tree from which a herbarium specimen was taken, or many colour characteristics. Further information and an example for a field descriptor set is provided in Diagram 12 and Diagram 13.

The information described so far applies to both, observations on objects in the field and collections. In contrast, a Derived Unit represents a physical item in a specific collection. From the gathering or field unit, several derived units may be created, which in turn may again give rise to new derived units (e.g. separation of duplicate herbarium specimens, sampling of fungi from leaves in a botanical garden, propagation events in living collections, etc.). Merging of several units is also possible, e.g. for re-synthesized lichens, mating studies in fungi, or mixed seed samples. Administrative data such as accession coding, storage, transactions (loans etc.), are linked to the derived unit. The Derived Unit Creation Event is an entity containing all data describing the creation of derived units, such as date of event, curator or scientist responsible for the event, and applied method. 

Defining an Association of units may be necessary because the data are so intimately related that they are usually cited together (e.g. a fungal parasite and the tree it grows on).
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Diagram � SEQ Diagram \* ARABIC �5�: Main components of biological collection and observation data

Field data

In field collections and observations we distinguish four main data areas:

The gathering site provides all geographical and ecological data deemed necessary to describe the locality where the organisms were collected or observed.

The gathering event refers to the act of collecting and/or observing organisms at a given site, i.e. time, person, and project data.

The gathering or field unit represents the non-descriptive field information specific to each item which has been distinguished by the collector or observer during the gathering event (e.g. items distinguished by means of different collection numbers).

Field descriptors are the results of observations made in the field on the item specified in the entity Gathering.

The Gathering Event

Diagram 6 illustrates the Gathering Event within the ER model. Collector information is realized by links to the Person Team entity (which may include a single person). Project or Expedition information resides in a separate entity named accordingly.
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Diagram � SEQ Diagram \* ARABIC �6�: Relationships of the Gathering Event

The data used to describe the event are detailed in Diagram 7. The first collector is normally a single person who holds the field book to which the collection or observation number refers (see Gathering or field unit data). In the case of unorthodox numbering schemes, this could also be a collector team, an expedition, etc. The numbering bears no relation to additional collectors participating in the event (who in herbarium labels are listed after the first collector and collection number, sometimes following a "with" or "cum"). The 'Per'-collector is an amateur or casual collector who collected specimens for the first collector, who takes the credit for collecting by assigning his collection number. Croft (1992) introduces this attribute because "it is not possible to insert this type of information … in any manner that does not misrepresent the situation"). Use of this attribute for new collections should be discouraged. The gathering date modifier contains a textual expression of the (in-) exactitude of the time or time period of the gathering (e.g. "ca."). The dates themselves should ideally be exact, however, especially historic collections often cite periods, or only the year is given. The respective attributes must therefore accommodate incomplete dates (i.e. month and year, or year only). Project or expedition information is often cited on labels. Attributes for first and second title as well as for sponsor acknowledgements were separated to facilitate herbarium label design. Possession of specimens from some countries may be illegal if a valid collection permit has not been obtained.
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Diagram � SEQ Diagram \* ARABIC �7�: Data structure of the gathering event

A gathering event may in some specific cases be related to more than one collection site (e.g. seed collections). If this occurs frequently, a many-to-many relationship between Gathering Event and Gathering Site may be implemented. Alternatively, such cases can be treated as a merging of separately collected original units into a mixed derived unit (see below under Unit, Derived Unit Creation Event).

The Gathering Site: Geographical and Ecological Data

A detailed and complete coverage of all the data items which may be incorporated into the geographical and ecological site description would clearly exceed the scope of this model. The US Federal Geographic Data Committee (FGDC 1994) lists more than 300 individual data elements and compound elements for geospatial data alone. CDEFD came to the conclusion that for extensive coverage of geographical and other data related to field collections, a database system should rely on one of the available commercial GIS (geographic information system) programs. However, site data cannot be excluded from this model, because they are too important (e.g. in herbarium collections) or even form essential part of the objective of the task (floristic mapping). The model as presented here is intended to aid in the definition of requirements for a linked GIS or for the basic structures to be implemented in a proprietary database design. Roughly, four data areas may be distinguished:

Geospatial co-ordinate data, either in the form of point locations (geographical co-ordinates and altitude), or in the form of grid locations. The former are represented by a "flat" datastructure, while grid data may include a hierarchical element. Co-ordinate data are unequivocal as long as the base system and/or the method of measurement is cited.

Gazetteer data include a diverse throng of areas, i.e. bounded, continuous pieces of the earth's surface which are designated with a name and which are delimited by political, administrative, traditional, geomorphological and/or ecological criteria. Named areas are often part of a more or less well-defined hierarchy, they may change over time, and many synonyms as well as homonyms may exist.

Geo-ecological classification units are named classes of areas distinguished by some more or less well-defined climatic, edaphic, geomorphological, or synecological characteristics. Outside of published systems, little standardization exists and consequently, many common terms may be equivocal.

Ecological site descriptors are individual measurements or observations of ecological parameters at the collection site itself.

These four data areas provide the framework for the entity relation model of site information (Diagram 8). Gazetteer data, geo-ecological classification units, and ecological site descriptors are handled by entities named accordingly. Co-ordinate data are included in the entity Gathering Site.

Specialized collections may rely on a very specific sampling scheme, for example, vouchers taken from numbered trees in a forest sample plot, or microbial samples from a defined spot on a dunghill. To keep the site information general, such data will normally be specified in the attribute individual low-scale locality description of the Gathering or Field Unit entity. Information like depth below surface for underground or underwater collections belongs here as well.
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Diagram � SEQ Diagram \* ARABIC �8�: Gathering site-related entities

Because of the widely varying degree of details recorded, the general data model must be kept very flexible to allow for adaptation to specific needs, without sacrificing over-all compatibility. This is achieved by the possibility to subtype the major entities involved. Thus, user-defined as well as standard data tables may be incorporated as they become available. Examples for subtypes include:

Gazetteer: Geographic Area	�Standards: ISO Country; TDWG-Standard area; IUCN protected area; German Geobuch;	�User-defined: Administrative areas; Properties; User defined area name.

Geo-ecological classification unit:	�Formations (physiognomic vegetation classification); Holdridge life-zone (Holdridge 1967); Walter biomes (Walter & Breckle 1983), Braun-Blanquet plant sociology (syntaxa, Braun-Blanquet & Fuller 1929); FAO-UNESCO Soil Classification (FAO 1974); New Soil Taxonomy (USDA 1975); CORINE potential natural vegetation (CEC 1987).

Ecological site descriptors:	�Edaphological descriptor set; Climatological descriptor set; Limnological descriptor set.

The definition of the entities themselves, and their relation to the Gathering Event is complicated by the fact that geo-ecological data are time related. Co-ordinate data are stable over time and for named areas a validity period may be defined in the gazetteer itself. However, the Geo-ecological Classification Unit a site belongs to may change rapidly, and Ecological Descriptors may be highly dependent on the observation date. In this case the user has to define a new Gathering Site to link the appropriate information.

� EMBED Word.Picture.6  ���

Diagram � SEQ Diagram \* ARABIC �9�: Site data

The user defined site name provides a shortcut to a previously used gathering site in an implemented system. 

For individual geographic area names and categories, names in different languages may exist (attributes language, area category name in language, area name in language). One of these synonyms has to be marked by means of a default name flag for a defined system. The area category is a designation which may or may not cited with the name, e.g. "Department"; "Kreis"; "Municipio"; "Eparchia"; "Island"; "TDWG Botanical Country". Area categories may be necessary to identify a specific area (e.g. "New York", city and state).

Area validation data can be used for quality control. It is necessary to cite the area circumscription validity period, because named areas may change significantly over time. The actual circumscription (planar and altitudinal) of the area could be expressed in a GIS as a series of vectors describing the perimeter of the area in some kind of co-ordinate system. The maximum/minimum data given here can easily be stored in a normal database and are very useful for the validation of the input of point locations.

Geo-ecological classification data include a defined category, e.g. "Formation", its value, e.g. "Gallery forest" and, preferably, a bibliographical reference detailing the system used (e.g. "Braun-Blanquet & Fuller 1929"). A classification usually involves a hierarchy, so a pointer to a higher category may be used.

For ecological site descriptors only a very general structure is provided here, consisting of the basic data elements present for any descriptor: name and value (i.e. character and character state).

The geographic area subtype designator tells the application program, which of the possible area subtypes is to be included. Analogous subtype designations are given for geo-ecological classifications and for ecological descriptors.

Diagram 10 defines basic attributes which may be used to define geospatial co-ordinates in the entity Gathering Site. Altitude and co-ordinate precision modifiers include expressions such as "about", "ca.", etc. The grid precision modifier is used to record uncertainty in grid assignment or proximity to grid line (indicating possibility of duplicate recording in different grid cells). The grid cell code together with the grid system name defines a location within a grid cell (e.g. "UTM" and "UF19", or "German MTB (Meßtischblatt)" and "7413/14").

All geographical co-ordinate systems (including polar co-ordinates) can be expressed by the co-ordinate system's name, the altitude, and two floating point numbers (x- and y-value). North/South and East/West in geographical co-ordinates can be expressed by positive and negative values, respectively. In a general implementation, the definition, data entry rules, and formatting rules for the x- and y-value can be defined in a separate entity Co-ordinate System. For the standard Greenwich geographical co-ordinate system, this entity would contain the information: Co-ordinate system name: "Std. Geographical"; Central meridian: 0; Prefix-for-X: "Latitude"; Suffix-for-X-positive: "N"; Suffix-for-X-negative: "S"; Prefix for Y: "Longitude"; Suffix for Y positive: "E"; Suffix for Y negative: "W"; Number formatting: "degree-minute-second" (other choices are: degree-decimals; decimals). The input formatting routine for degree-values should accept floating point values in the degrees or minutes part (e.g. 41.50° should be understood as 41° 30’), thus allowing a mixed data entry of degree-minute-second, degree-minute (with fractional part) and degree-decimal.

The measurement method refers to the source of co-ordinate and/or grid values, and contains entries such as: "estimation from map", "estimation from map with altitude by barometric altimeter", "GPS", "GPS with local reference", etc. Co-ordinate measurement error contains a numeric value read as plus/minus measurement error of the co-ordinate values.
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Diagram � SEQ Diagram \* ARABIC �10�: Datastructure of geospatial co-ordinates

Descriptive information about the position of the site which cannot be accommodated by means of the gazetteer or co-ordinates are accommodated by the attribute site location detail ("Roadside, road between Jucurán and Casas Viejas, about 2 km from Jucurán").

The Gathering or Field Unit

The entity subtype Gathering or Field Unit provides an interface to field oriented data which the collector or observer have considered to belong to a specific subset of data or materials accumulated in the gathering event. Several samples and/or observations may be made in a gathering event. In larger organisms, the gathering usually refers to a single individual or a cluster belonging to the same taxon. Yet in other organisms several taxa will be included, e.g. a piece of rock with several species of lichens, a water sample with microscopic algae, or a soil sample for microbiological investigation.

The possibility to directly refer to observations for which no voucher specimens were obtained can be used to record presence/absence data in floristic mapping projects. If materials are collected, the data of the gathering or field unit are characterized by being recorded before the object became part of a collection. However, as often collectors and curators are the same person, this delimitation is somewhat arbitrary. The gathering or field unit, together with the information connected to the gathering event and the field descriptor sets can best be viewed as the information contained in a collector’s field book. In higher plants, the individual gathering is routinely identified by a field book number (the collection or observation number).

For parasites, data on the host or substrate are often recorded without actually sampling the substrate. In this case, parasite and substrate are separate gatherings of the same gathering event, which are associated (see under Association of Units).

Collections made within collections (e.g. herbarium collections from a botanical garden) are normally treated as derived unit creation events (see below). However, a new gathering results if the provenance of the first organism is irrelevant for the second one (e.g. the collection of a fungal parasite on a long cultivated plant in a greenhouse).

The following data items have been identified to be specific to gatherings or field units (Diagram 11):

� EMBED Word.Picture.6  ���

Diagram � SEQ Diagram \* ARABIC �11�: Data structure of the entity Gathering or Field Unit

The collection or observation number refers to the first collector’s or observer’s field book numbering. Standard practice (at least in higher plants) is to assign a single sequential number, but individual collectors may have preferences of their own. To accommodate any type of numbering, a prefix and a suffix is provided, as well as a field for different identifier schemes or for lot-identifiers as used in the sampling of micro-organisms. This also accommodates institutional series, which often consist of sequential numbers. However, in historic collections and collections of fungi, algae, or animals, this information may be incomplete or lacking. Curatorial additions to collection numbers (e.g. suffices assigned to the parts of a mixed specimen) are treated under derived unit data.

If collectors divide material between them, both assigning a collection number, two different gatherings for the same material are created. Such a relationship can be expressed by a unit association, too.

The gathering method is usually evident in higher plants, but in some cases notes may be taken (e.g. the drying temperature in the preparation of material destined for chemical analysis). In algae (e.g. "dredge from a boat"), micro-organism (e.g. "mixed soil sample from 1 square meter"), or zoological collections it is often a required data item. For presence/absence data, aerial photographs may be used and recorded as the method used to gather the information. As mentioned under Site Information, the attribute individual low-scale locality description allows a further specification of the individual collection site.

Field Descriptor Sets

Field descriptors are a group of data items which have been obtained by direct observation at the collection site. In larger units, such data are often recorded in the body text of the label (attribute field description text). 
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Diagram � SEQ Diagram \* ARABIC �12�: Local ethnobotanical information as example for a field descriptor subtype definition

CDEFD initially attempted to develop a set of descriptors for plants. However, even in this restricted case the type and number of descriptors recorded separately may vary greatly between collectors and according to the research interest pursued. The selection of morphological descriptors also depends strongly on the observed taxon. Often, no clear separation can be made between field descriptors and those used for specimens in a collection, such data should be linked directly to the unit. However, a number of characters can only be recorded in the field, such as size measurements of larger plants, some colour characters which may be lost in conserved material, occurrence quantifications, phenological characters, and local ethnobotanical information.

In botany, the development of computerized authority files of plant descriptors, which define the terminology to be used for characters and their states is a very important task. That this is not a simple problem is illustrated by the up to now unsuccessful attempts by the TDWG Descriptors Subgroup (Higher Plants) to develop a minimal set of morphological descriptors (Pankhurst, pers. comm.). It is not the chore of this model to propose such a set of characters. The model allows for subtypes of the Field Descriptors entity to be defined according to the user's needs.

While standardization in morphological characters is a notoriously difficult task, for plant uses such a standard exists (Cook 1995) and should be followed wherever possible. Recording uses at the collection site becomes increasingly important especially in tropical countries. However, the question of intellectual property rights must not be ignored.
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Diagram � SEQ Diagram \* ARABIC �13�: Field descriptors

Useful local ethnobotanical information for which a structure can be defined also includes the vernacular name of the plant. For both, uses and vernacular names, a source should be cited.

Units

A unit is a physical object either in the field or in a specific collection. The term "specimen" can often be used as a synonym, however, it lacks a precise definition and consequently caused some confusion in the modelling process. The term "collection units" was used by Wilson (1993) in a modelling context, although with a different definition. The "collecting unit" in the ASC model (ASC 1992) is functionally analogous, although a fixed number of classes (subtypes) is used and the concept of the field unit is not included. The general context of the unit is given in Diagram 4. The following list provides the principal properties of the unit and its linked entities which are depicted in Diagram 14 and other diagrams specified in the text.

The delimitation of a unit is defined in the process of the gathering, curation, preparation, or cultivation of materials.

A unit may receive several taxonomic identifications, specified by Taxonomic Identification Events (see Diagram 29).

A unit may be further identified in a Free Identification Event (see under Material Category and Free Identification Events). 

Each unit belongs to exactly one Material Category, describing the kind of material contained in the unit.

A special relationship between units may be expressed by means of an Association of units (see below).

While still in the field, the material is referred to as a Gathering or Field Unit (see Diagram 11).

In the process of curation, preparation, cultivation, or transfer of materials, Derived Units are created in a process referred to as a Derived Unit Creation Event (see Diagram 16).

Collection management data are linked to derived units (see Diagram 21).

Each derived unit has at most one storage location (Collection or Subcollection).

For each derived unit, the physical media, container, or mounts may be described as the Storage Medium (ASC 1992).
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Diagram � SEQ Diagram \* ARABIC �14�: Some unit-related entities

One item in a collection can contain more than one derived unit, forming a unit ensemble (see below) e.g. a herbarium sheet with a mounted photograph in addition to plant material, or a piece of rock with two species of lichens in a capsule.

Each derived unit may include one or more unit subtypes, freely definable entities which contain attributes not included in the main Unit entity. The Unit Subtype Designation determines which unit subtypes apply (see Diagram 18).

Diagram 15 provides an overview of unit data. Every unit can be uniquely identified by the unit object identifier. Unit data can be subdivided into general unit data, derived unit data, and gathering or field unit data (further specified in Diagram 11). Every unit in a collection must have an owner (PICO, see under Persons, Teams, Institutes, Companies), which is not necessarily identical with the permanent storage location (see also Diagram 23). For example, a permanent loan may be owned by one institution but stored and handled by another, which effectively acts as if it was the owner. Ownership of field units is but rarely specified. 

For each link to an associated unit an association type may be specified (see Association of Units below). Taxonomic identification events are further detailed in Diagram 30, material category and free identifications in Diagram 20, and preservation state and treatments in Diagram 26. 

Unit information may be classified to contain confidential data. For example, for a rare plant the information about the existence of the plant may be public, but the point co-ordinates and exact locality description should not be accessible. The confidential data designation determines which data are confidential, notes may be added to save remarks on the designation, and the date and person responsible for the assignment is important to verify the validity of the designation.

The data source refers to the way the information was recorded (either "direct data entry" for primary source, or "from existing label", "from fieldbook", "from index card", "from laboratory notes", etc. for transcriptions). If the recorded information was transcribed, the transcribed flag is set and the person responsible for the transcription may be recorded. Notes regarding the transcription, e.g. the assignment of modern area names to historic gathering sites, conversion of calendar dates, or illegible parts of a label, can be stored in the transcription notes. The original source graphic or original source text may be used to provide a view on the entire original information unaltered by transcription processes. Such attributes have been used in the South-eastern Regional Floristic Information System (R. R. Haynes, pers. comm.), where herbarium label information was scanned, transcribed into full text, and finally assigned to the respective attributes. The graphic information is also useful in the case of older specimens, where labels tend to disintegrate, or where the handwriting is important.
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Diagram � SEQ Diagram \* ARABIC �15�: Data related to units (overview)

The information related to derived units may be subdivided into the following data areas: derived unit and derived unit creation event data (Diagram 17), unit subtype and subtype dependent data (Diagram 19), accession or inventory coding data (Diagram 22), and transaction management data (Diagram 24).

Derived Units and Derived Unit Creation Events
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Diagram � SEQ Diagram \* ARABIC �16�: Derived unit creation event

The Derived Unit represents a physical item which is or has been present in a collection. A process of curation, preparation, cultivation, or a transfer event may give rise to one or more derived units from one (or rarely more) parent unit(s). The model does not limit the number of iterations of this process. It is thus possible to store highly iterative processes, such as cultivation and propagation histories.

The derived unit’s attributes, together with those of the Derived Unit Creation Event (Diagram 16) are further specified in Diagram 17 and described as follows:

The Derived Unit Creation Method is a dictionary of available methods which are used in the creation of new units. Such "methods" include the acquisition of material from an external source, in which case the entity Unit must have a link to the entity Unit Transfer (see Diagram 24). For in-house preparations, collections will establish their own subtypes of methods, if necessary. For example, in chemical substance collections several standard extraction methods may be specified. Another not so obvious example is the taxonomic determination of heterogeneous material: for every different taxon identified a separate derived unit is created. The attribute short name serves to rapidly select available methods, while the method description gives room for detailed explanations.

For every Derived Unit Creation Event a link to the immediate parent unit(s) must be provided. The person responsible for the event is the preparator or curator who effected the creation of the derived unit(s). The event date refers to the point in time the unit was physically created, or received at the collection. The inheritance type similar flag expresses the similarity of the parent data with the derived unit's data. A derived unit is considered similar to the parent unit if it is assumed to be genetically similar. Examples for events with inheritance type similar range from propagation of microbial strains (genetical identity is an implicit aim), distribution of duplicate herbarium material of small plants (different individuals with a similar but not identical genetical composition), to dividing soil samples (may even contain a different set of organisms). See also below, under Implementing Derived Unit Creation Events.
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Diagram � SEQ Diagram \* ARABIC �17�: Derived unit and derived unit creation event data

Attributes specific to the individual Derived Collection Unit are located in the respective entity. A preparation identifier is used to store temporary identification numbers, e.g. laboratory numbers for a preparation, an isolation number for a microbe, etc. These numbers are often used in research notes or lab-books before permanent accession numbers are assigned. They are not necessarily unique even within a laboratory, but may be applicable only for the current project. The additional curatorial identifier is used e.g. to distinguish on a herbarium sheet an individual plant which was found to originate from a different collection site, or to belong to a different taxon, than the other plants on the sheet. This identifier may take the form of a suffix to the field identifier but it also may include something like the description of the exact location on the herbarium sheet.

Availability of a unit may be conditional, either because distribution restrictions apply, or because the unit is not any more present in the collection. Even if a unit ceases to exist as a physical object (no storage location, not available for further processing, etc.), the record is maintained as part of the curatorial history of the derived units. The presence of a unit is explicitly recorded in the respective attribute. Possible states are: available, not available because the unit is on loan, lost, given away as a gift, discarded, or consumed as experimental material or in the process of the creation of derived units. Distribution restrictions may be imposed by law (e.g. pathogenic micro-organisms) or by management decisions (e.g. because of ongoing research). The permanent loan flag indicates that e.g. a unit may not be given away as a gift.

The parent link certain flag can be set to indicate that the link to the parent unit can be trusted. The flag is set to true when the derivation from the parent is securely known, it is set to false when additional units might be in between. This allows to properly mark cases of incomplete or questionable derivation histories. For example, microbial cultures are frequently sent from one collection to another collection. The receiving collection has information about the sending collection and (usually) the gathering. Yet, often it is not known whether the sending collection received the material directly from the field collector, or from a third collection. The sending collection's data must then be entered in the first derived unit after the gathering or field unit with parent link certain flag set to false. The gathering or field unit shortcut provides direct access to field data (see under Implementing Derived Unit Creation Events).

Following the concept introduced in the ASC (1992) model, the storage medium includes containers, mounts or preservation fluids used to store the individual unit.

Permanent storage location (Diagram 23) including unit ensembles, and preservation state and treatments data (Diagram 26) are treated under Collection Management below.

Implementing Derived Unit Creation Events

The scheme developed for the unit uses a recursive structure to avoid fixed hierarchical levels. This allows for a very flexible approach, accommodating simple storage data as well as highly recursive information such as cultivation histories. However, retrieving the data for a particular unit may be considerably complicated by having to step through a recursive structure of undefined depth. This problem is caused by data model itself and must therefore be addressed here.

The application program should always offer the possibility to trace the events that led to the unit's creation, and to look at the parent unit's data. However, the derived unit should be able to stand on its own, i.e. data which refer to both, parent unit and derived unit, should be accessible from the derived unit without having to recurs to the parent unit's data. For field data, this is achieved by the shortcut link to the gathering or field unit. Unit-specific data, and those stored in entities linked to the unit may or may not be copied from the parent to the derived unit (i.e. "inherited" by the latter).

Within the creation event, one of the following procedures applies to every datum of the parent unit:

The datum may remain unchanged, i.e. it is inherited by the derived unit

The datum usually remains unchanged, i.e. it may be inherited as a default but must be revised

The datum must be changed because it is unique or otherwise specific to the parent unit; i.e. it is not inherited.

A revision of all attributes of the unit and of its linked entities shows that the criterion of "biological similarity" (attribute inheritance type similar flag) is most important to decide which of the above procedures must be applied.

Processes creating "similar" units, e.g.: division of soil samples; duplication or translocation of herbarium specimens or microbial strains; removal of samples.

Not similar, e.g.: separation of leaf containing a fungus from a phanerogam specimen for a fungal collection; isolation of a microbial strain from a soil sample; separation of a specimen from a mixed collection (e.g. a specimen of a different taxon mixed with others on a herbarium sheet).

To automate the derived unit creation process an entity can be implemented which determines the inheritance procedure for every combination of attribute (or entire entity), inheritance type, and derived unit creation method. This implementation has the advantage of being easily adaptable to varying implementations of the data structure (e.g. different descriptor sets attached to the gathering).

Unit Subtypes
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Diagram � SEQ Diagram \* ARABIC �18�: Derived unit subtypes

Units in natural history collections range from palaeontological samples and herbarium specimens to microbial isolates or even chemically pure natural substances. A variety of attributes exist which are specific to only some of these. Subtyping the Unit entity provides a possibility to flexibly assign such attributes. It also allows for the extension of the model to include other types which are not yet considered. This is done by appending the new type to the entity Unit Subtype Designation and adding a new unit subtype entity. A NIL-value subtype designation must be possible for units which are covered entirely by the attributes of the unit supertype.

The entity Unit Subtype Designation consists of a short unit subtype name and a description of the subtype. Several subtypes may be linked to a single unit. Examples:

Unit Subtype Cultivation. Apart from propagation information, which belongs to the derived unit creation methodology, attributes may be needed to alert technical staff on special procedures, or store experience gained with the unit. Normally, a single attribute, cultivation experience notes, will suffice.

The Unit Subtype Herbarium Label contains attributes which may also apply to similar collection labels. The application program may offer to automatically assign values to these attributes from gathering information (e.g. project sponsors as label footer, collector or "Flora of" and country as title, etc.). Other types of collections, especially where very small labels are used (entomological collections) may not need such a subtype at all.

The Unit Subtype Quantification is thought to be useful e.g. in chemical substance collections or in seed banks, where the availability of material may depend on the quantities in store. If measurements are stored, the measurement unit (cm, g, ml, etc.) must be recorded. If the measurement unit is left empty, the quantity is a count (e.g. duplicates in an insect collection, number of vials in a preservation batch of micro-organisms). This is also used to prevent cleptotypification (warning: one of the authors sometimes records the weight before sending types on loan …).

Published Exsiccata play an important role in herbarium collections. They consist of numbered sets of carefully selected duplicate specimens, which are published under an exsiccatum name. Entire sets or individual items are usually distributed to several herbaria and thus serve as reference collections. Publication may occur in numbered fascicles, which may be published in different years and thus are treated as different reference titles in a publication series. Every exsiccatum specimen is a unit with an exsiccatum number, which refers to a specific identification (scientific name). Strictly speaking, the super-subtype relationship between unit and published exsiccatum specimen exists only for the unit in which all materials are still united. However, since it is part of the definition of an exsiccatum that information and material content has to be the same for all duplicates, this information may be copied to all such derived units. After 1953 the publication of a new botanical name in exsiccata is valid only if a separate printed publication is distributed independently of the exsiccatum itself. A second publication reference is supplied for this case (exsiccatum booklet reference). Another reference may be cited to give additional notes on the exsiccatum.
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Diagram � SEQ Diagram \* ARABIC �19�: Examples for unit subtypes

The Unit Subtype Chemical Identification provides an example of a set of attributes which sometimes would be considered descriptors gained in a study. However, for example in a natural substance collection the determination of the structure of a compound is a routine procedure and may even determine the physical arrangement of the collection units in storage. (N.B.: processes like extraction, purification, and isolation belong to the derived unit creation event method.) Analogous "identification subtypes" may be formulated for geological substrate in palaeontological collections, or the soil samples used in the isolation of microbes, etc., always provided that where these units are housed such properties are considered an integral part of the unit data.

Association of Units

Apart from the relationships between units established by the derivation history or by ensemble sets, further associations of units exist. They must be defined where units are so intimately related that they are usually cited together. This is particularly important to express host-substrate relationships, but it can also be used to express a variety of other ecological or curatorial associations between units. 

The association is essentially a many-to-many relationship between units. Instances of the entity Association define pairs of associated units from which the complete association set can be compiled. The attribute association type specifies the relationship, e.g. "living on" (e.g. orchid growing on a tree), "parasite on", "host of", "mutualistic symbiosis", "reobservation" (the same individual has been observed on two different dates), "also collected as" (two collectors assign different numbers to the parts of the same material), and "mycorrhizal association". An association doubtful flag can be used to express insecurity (e.g. a toadstool is collected and presumed to be a mycorrhizal fungus of a nearby observed tree). The direction of the link may be important (e.g. in "parasite of", but not in "reobservation"), in which case the directed flag is set.

Material Category and Free Identification Events
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Diagram � SEQ Diagram \* ARABIC �20�: Material category and free identification

A specific material category name is assigned to the material in the unit. This may be a rather broad term (e.g. "herbarium material") or very specific (e.g. "dried and pressed plant material" or "photograph"). If organs or organisms are stored separately, the organ designation is part of the material category. The degree of categorization depends on the degree of detail which is to be recorded. Collection managers should carefully consider what categories to include; on the one hand simple categories ease data capture, on the other hand later addition of separate categories may involve the revision of the entire collection. The same is true for the Storage Medium, e.g. the type and size of containers used for the unit. This data item is comparable to the storage medium used in the ASC model (ASC 1992).

The Free Identification Event was created to accommodate closer description or identification of samples which are too specific to form a material category of their own, or which carry a taxonomic identification which is not within the scope of the collection. For example, for an insect from which a fungus has been isolated it would be inappropriate to force the user to enter a system of insect taxonomy if entomological data is not normally used. In soil samples, "soil" might be a material category, however, usually a more detailed description will be given (e.g. "sandy soil under 70 year old pine trees", "arable soil from wheat field"). Materials from which microbes are isolated can be quite exotic, e.g. "glass of optical lenses", "aluminium alloy of airplane kerosene plumbing", etc. Introducing a material category of their own for each such case would clearly overstructure the database. Therefore the material category should remain general and the attribute material description within the Free Identification Event entity can be used to further specify the material. In analogy to the taxonomic identification event, attributes for the date of the event, the identifier, and notes are supplied.

Collection Management

� EMBED Word.Picture.6  ���

Diagram � SEQ Diagram \* ARABIC �21�: Unit management

Diagram 21 shows the entity relation model for collection management tasks, including providers and owners of units, transaction management, and accession coding. Preservation treatments are detailed in Diagram 25.

Accession or Inventory Codes

Accession and inventory codes apply to derived units and are thus issued by a particular holder of a collection (e.g. a herbarium). Loan identifiers assigned by lending or receiving institutes are not included (see Diagram 24), but seed list numbers (important in living collections) are. A single unit may receive several accession codes from different accession code systems of the same institution, and in the case of bulk accessions a single code may apply to many units. Diagram 22 details the attributes of the two entities involved.
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Diagram � SEQ Diagram \* ARABIC �22�: Accession or inventory code data

The attribute accession or inventory code is a textual expression of the entire code. Additional attributes could be introduced to conform to specific institutional coding schemes. A person team responsible for the assignment of the code can be named, and the assignment date may be recorded.

The accessioning or inventory system has a name (e.g.: Berlin Living Collection Accession System at B; Herbarium Willdenow Accession at B, US National Herbarium bar-code), an abbreviation, and a description. Some implementation-oriented data items may be used to maintain data integrity: the unique codes flag indicates that an error must be generated if entry of identical codes for different units is attempted; the range of permitted characters is defined by the flags digits allowed, characters allowed and upper case only together with the other allowed characters attribute (giving a list of punctuation marks or other characters permitted in the code). The suitability of the system for reference purposes is expressed by the bulk accessions flag (a single code routinely refers to several dissimilar units) and the internal use only flag (indicating that the code should not be cited). If the code is machine-readable, the specific type must be indicated (e.g. "bar-code 3 of 9"). 

Unit Location and Ownership

The name of a Collection or Subcollection housing a specific unit will often correspond to the name of a person, institute, company, or organization (PICO, see below). However, a specific subcollection may have to be cited (e.g. "Type Herbarium, Institute Scientifique de Rabat"). Such subcollection names are also instances of the entity Collection or Subcollection, the hierarchical structure being expressed by a recursion. Diagram 23 details the attributes of the entity. 
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Diagram � SEQ Diagram \* ARABIC �23�: Storage location data

The unit's location within the collection is specified in attributes of the derived unit. The storage location detail is used for a specific storage site, e.g. the position of a sample in liquid nitrogen storage. 

Unit storage is often organized according to taxon name, in which case, the unit stored under attribute should be used to form a link to a scientific name. The entry is obligatory when units are stored under a name differing from the determined one, e.g. in the case of mixed collections forming associated units or in the type material of synonyms.

An ensemble is a set of units which are usually handled together, because they are physically united (e.g. several lichens on a rock) or otherwise combined (e.g. a microscopic slide stored in a herbarium capsule). A unit object identifier from within the set is used as the ensemble set identifier which marks every member of the set. The position of a unit within an ensemble set, e.g. a separately accessioned herb on a herbarium sheet, is covered by the attribute additional curatorial identifier (Derived Unit). 

Persons, Teams, Institutes, Companies, and Organizations

An entity is needed to provide a common interface to person(s), institutes, organizations and companies (PICO, see Elankovan & al., this volume, for further details). PICOs may act as owners, recipients, sources, etc. of materials. The construct somewhat resembles the super-entity "Agent" specified in the ASC model (ASC 1992). PICOs have a defined (mailing) address (however, the Address entity may be replaced with a commercially available address database). They belong to one of two defined subtypes. One of these, the entity Institutes, Organizations, or Companies, may be further subtyped to include existing standard lists (e.g. for botanical institutes: Holmgren & al. 1990 and Heywood & al. 1990). The other, Person Team, is a construct which is also used in the context of collectors, authors, etc. in the IOPI model (Berendsohn 1994). It contains an attribute (person team description) which allows the entry of teams for which the members are not known or not specified (e.g. "local shepherds"). The entity Person Team Member links the Team with the individual Person and defines the position of the person in the sequence of names. The structure of the Kew Authors of Plant Names (Brummitt & Powell 1992) database may be used for an individual Person. A person's individual address may differ from the address given for a team the person is member of, and from the institution the person is affiliated to.

Unit Transaction Management: Acquisition, Loans, Gifts, and Sales

Transaction management includes all tasks which involve moving a unit from or to a collection or subcollection. This includes loans, permanent loans, gifts (also in exchanges), staff collections, and purchase or sale of units. The data structure supports the tracking of units, reminders, statistics, etc. which are to be implemented by the application program.

The Transfer Event (see Diagram 21) includes the data of the actual shipping and receipt of the material. A single transfer event may handle a mixture of sent and returned or partially returned loans as well as permanently transferred materials. The de-facto many-to-many relationships with the unit entity is resolved by means of the entity Unit Transfer.

Charges for sending, purchases, handling fees, etc. may accompany the event or even single unit transfers. However, the (super-) entity Accounting Mechanism is not further treated in this model. Fortunately, many collections do not use it; those which do, implement widely differing systems. 
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Diagram � SEQ Diagram \* ARABIC �24�: Transaction data for loans and permanent transfers

Permanent transfers include gifts, exchange, purchases, sales, and permanent loans of units. Every permanent transfer of a unit from one collection to another has to trigger a derived unit creation event. Once a unit has been stored in the system, it should remain there. A unit which has been lost, given away, or destroyed is marked respectively (attribute availability, see under Units, Definition) but retains its link to the storage location.

The application software has to ensure that in a transfer event ensemble sets are kept together.

Diagram 24 specifies the data involved in transactions of units. The entity Transfer Event can be visualized as a box containing one to several units, transferred by a carrier from a sender to a recipient. All three are PICOs (see above), which also provides a link to address information. The carrier specifies a transport agency, a broker, or a private person who is assigned temporary responsibility during the transport. The postage charged may be important for accounting purposes. The box is sent and received at a certain date, respectively. Free text notes may be made upon sending it and/or upon receipt, and the receipt may be acknowledged by the recipient.

The Unit Transfer describes the context of the event. We distinguish the following transfer types: staff collection, loan sent, loan received, loan return sent, loan return received, gift or exchange sent, gift or exchange received, purchase received, sale sent, permanent loan sent, and permanent loan received. Permits may be required for the transfer of units. The permit type describes standard permits (e.g. those required by CITES or export permits needed in international transfers). The permit number and the permit description may be used to further specify the permit, which is given by a permit issuing authority. Permanent transfers are usually based on some kind of agreement, e.g. a sales contract or an exchange agreement. 

Loans need a number of specific attributes. Institutes generally separate the management of loans received from that of loans sent. However, the data strongly overlap and have therefore not been separated in this model. A requesting person or person team may be recorded. The received loan in-house responsible person may be different from the requesting person. Usually, a deadline is set for the return of the material, and, in case that the deadline was not met by the recipient, reminder letters may be sent. This free text attribute allows to enter references to several reminders, specifying the circumstances and dates. Sender as well as recipient may assign a loan identifier (number or code). Because of the frequent occurrence of partial loan returns, the loan status must be calculated by the application. For each unit transfer with type "loan sent" a corresponding unit transfer with type "loan sent returned" must be present. The loan completely returned flag is a calculated attribute included to simplify management of loan data.

In a derived unit creation event, the unit becomes a unit assigned to the new owner (and receives an accession code etc.). For permanent international transfers an export permit is required by many countries. For the export and import of protected species, a CITES permit is required by international law. In an implementation, these attributes may take the form of a link to a correspondence filing system.

Usually herbarium exchange programs are not related to single units but an agreement exists to exchange a certain number of units within a time period. Such an agreement can therefore be controlled by the application, comparing the number of items send as gift and received as gift. No additional data elements are necessary.

In exchange and loan transactions the intra-institutional responsibility for certain groups of organisms may be important. This should be recorded where needed in a table which is linked to Taxon and Unit (via the preferred determination or the attribute stored under name). 

Preservation State and Treatments

The preservation state assessment event for a unit may occur during the accessioning of new units, in the course of loan management (when a foreign loan is received, before a unit is sent on loan, and upon receipt of the return), or, especially in culture collections, as a regular maintenance measure. The preservation state may be checked using a specific assessment method by a specific person on a specific date, leading to a result of the assessment (which may in turn be standardized). All these data items are attributes of the Preservation State Assessment Event.
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Diagram � SEQ Diagram \* ARABIC �25�: Preservation state and treatments

Preservation treatments act on existing units presumably without actually changing them (as opposed to the derived unit creation event methodology). However, knowledge about past treatments may be important if a unit is used in a new context (e.g. chemical analysis of herbarium specimens). Examples for treatments include transfer of fungal culture over antibiotic growth medium, treatment of an individual herbarium sheet with chemical substances to prevent or fight moulds or pests, or pesticide treatments in living collections. The treatment may apply to several units at once (e.g. all herbarium specimens in a fumigated room, preliminary liquid preservation of plants during expeditions). Data attributes include the date and method of treatment, and the person applying the treatment. The treatment description may be used to specify parts of the unit treated, etc. If the treatment consists of several steps, a recipe-structure may be added (a loop consisting of attributes giving a method and the sequence in time of its application within the treatment). 
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Diagram � SEQ Diagram \* ARABIC �26�: Datastructure of preservation state and treatments

The concept of preservation treatments may be widened to describe some of the measures taken in the cultivation or observation of living units. However, their demarcation against derived unit creation events must be well defined.

Nomenclatural Types
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Diagram � SEQ Diagram \* ARABIC �27�: Nomenclatural types

Storage and management of nomenclatural type specimens is one of the most important responsibilities of natural history collections. The entity Nomenclatural Type is used to record the additional information necessary for type specimens. Moreover, types present in other collections may be included, and photos etc. representing these in the present collection may be registered. The structure also accommodates types for which no specimen exist (illustrations).
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Diagram � SEQ Diagram \* ARABIC �28�: Datastructure of nomenclatural types

All attributes listed as the result of discussions in the TDWG Type Databases Working Group (Farr, unpublished) were accommodated in the model (as attributes or links to other entities) and several were added. Type data include the basionym (Scientific Name) defined by the type and the nomenclatural type status, which defines the kind of type entered (e.g. holotype, isolectotype, etc., see Croft 1992). Normally, a type specimen is indicated, consisting of one or several Units. This link provides all type-data related to the gathering, the storage location (including stored under name), accession number, material category (e.g. illustration), and current determination. The protologue reference identifies the location of the protologue text, or, if in the publication only an illustration exists, of the illustration. The illustration reference identifies an illustration serving as type material. A lecto- or neotypification reference is treated like a protologue. The type's data may have been recorded from literature or from a label, in which case the data source should be indicated. A flag indicating that the type has been checked against the protologue has been included following Farr's recommendation, although objections as to the utility of such a comparison exist. A verification note attribute accommodates further details of the verification. An additional link to a unit references copies of protologue or published illustrations, photographs of type material etc. stored as units in a collection.

Taxonomic Identifications

Identifications refer to the unit supertype, because they can be made on objects in the field as well as objects in a collection. The result of the identification is a Potential Taxon Name (Berendsohn 1995) or, where potential taxa are not implemented, a scientific name, preferably in standard form (Bisby 1995). The event is effected by a person or person team at a defined identification date. 

We distinguish several types of taxon identification events (as determined by the attribute identification type):

"Det.": The examination of the material results in a new identification or correction.

"Conf.": The examination confirms a previous identification, given by the respective pointer.

"Pref.": Assigning preference to an older determination over the most recent one differs from a confirmation only in that the object has not been re-examined. The choice is based on the expertise of the person  effecting the earlier identification instead.

"Non": In a negative identification, the material is identified as not belonging to the identified taxon. The implementation has to enforce simultaneous creation of a positive or confirming identification event (which might determine the object only to the level of genus or even family, if no better identification is currently possible).

"Abs.": An identification event may also express the absence of a specific taxon from a searched site. This primarily refers to field observations, where an organism thought to exist at a certain site has been searched but not found (valuable information in floristic databases). The effort put into the search can be detailed under notes (e.g. cursory search, vs. searched for several hours). The absence of a certain taxon could also apply to collection units, e.g. in microfungi if nomenclatural type material has been used up during previous studies, or if a mixed collection contains several fungi, but none fits the protologue.
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Diagram � SEQ Diagram \* ARABIC �29�: Taxon identification
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Diagram � SEQ Diagram \* ARABIC �30�: Datastructure of taxon identifications

In new identifications or confirmations, the certitude of the identification may be expressed by a identification modifier. Modifiers include "cf." or "?" with the meaning of "could be", and "aff.", "near", or "c." with the meaning of "is not, but related to, may be new". The rank the modifier refers to must be specified. For example, the modifier "cf." for an identification given as "Abies alba" may refer to genus ("cf. Abies alba"), or species level ("Abies cf. alba"). An additional modification of the degree of confidence that can be placed on the identification is the verification level (ITF standard, IUCN/WWF 1987), which is used to express the degree of authority attributed to the determiner.

If more than one taxon is to be referred to, e.g. in multiple modified identifications ("vel aff." or "vel cf.") or combined new and negative identifications, these have to be treated as separate identifications events carrying the respective modifier and type. Concatenation of such results into a single string has to be handled by the output system (see Meyer & al., this volume).

All units which are linked by derived unit events specifying a "similar" inheritance type form a "similar unit set", which is identified by an attribute in the Unit entity (topmost similar unit pointer). For a specific unit, all identifications referring to a unit in the same similar unit set should be retrieved (see Meyer & al., this volume).

If a unit was involved in more than one identification event, the most recent identification takes preference. Where the date of an original identification is not known, it must be ensured that missing dates are considered older than existing ones.

Identification references (keys, floras, etc.) should be specified by using the link to Reference Titles. In the case that the system refers only to scientific names, citing the major reference relied upon for the determination opens a back-door to later reconstruction of a potential taxon name: The identification reference takes the place of the "sec." citation (circumscription reference) for the potential taxon. Additional notes may be added by the person effecting the identification.

The identification may stem from an annotation of the object (original identification) or it may have been extracted from literature (citavit identification). In the latter case the reference containing the determination is cited.

In culture collections, identifications often carry a charge, especially if requested for commercial purposes. In natural history collections like herbaria this is fortunately (still) a rare exception.

Acknowledgements

CDEFD was a Concerted Action Project funded by the European Commission, DG XII, Biotechnology. Our special acknowledgement is extended to E. Magnien, K. Beese and A. Hoeveler, responsables for the project within the biotechnology programme of the Directoriate General XII of the European Union. We are indebted to Frank Bisby, driving force behind the initiation of the taxonomic section of that programme, and to Werner Greuter, who suggested to apply for funding. Administrative support for Project Co-ordinator was provided by C. Fritz and I. Mischke (project secretariate) as well as by S. Elankovan, T. and K. Hradecny, H. Meyer, and X. Villavicencio (data verification and publication).

Acknowledgements to contributors in meetings: G. Bedini, Pisa; F. Bisby, Southampton; J. Cooper, Egham; E. Feoli, Trieste; P. Ganis, Trieste; D. Green, Albury; J. Greilhuber, Vienna; H. Haeupler, Bochum; H. Hovenkamp, Leiden; H. Kremers, Berlin; J. Lebbe, Paris; W. Loader, Kew; R. May, Bonn; D. Minter, Egham; C. Oberprieler, Berlin; E. Pastor, Seville; D. Phitos, Patras; R. Pankhurst, Edinburgh; G. Rambold, Munich; J. le Renard, Paris; A. Rissone, London; J. Rubio Recio, Seville; K. Siems, Berlin; M. Tretiach, Trieste.

Literature Cited

ASC (1992): An information model for Biological Collections (Draft). Report of the Biological Collections Data Standards Workshop, August 18-24, 1992. Association of Systematic Collections, Committee on Computerization and Networking (unpublished).

Berendsohn, W. G. (1994): IOPI World Vascular Plant Checklist. A CASE Model of Checklist System Data. In: Wilson, K. (ed.): Global Plant Checklist project plan, version 1.2. International Organization for Plant Information (IOPI), Sidney. (An updated model, version 7.3 is available via the Internet - World Wide Web under the URL http://fub46.zedat.fu-berlin.de:8080/~wgb, or as hardcopy from the author).

Berendsohn, W. G. (1995): The concept of "potential taxa" in databases. Taxon 44:207-212.

Berendsohn, W. G., Greilhuber, J., Anagnostopoulos, A., Bedini, G., Jakupovic, J., Nimis, P.L. & Valdés, B. (in print): A comprehensive datamodel for karyological databases. Plant Syst. Evol. 

Bisby, F. (1995): Plant Names in Botanical Databases. Plant Taxonomic Database Standards No. 3, International Working Group on Taxonomic Databases for Plant Sciences (TDWG). Hunt Institute for Botanical Documentation, Pittsburgh.

Braun-Blanquet, J. & Fuller, G. (ed.) (1929): Plant Sociology. McGraw-Hill, New York.

Brummitt, R. K. & Powell (1992): Authors of Plant Names. Royal Botanic Gardens, Kew.

CEC (1987): Natural Vegetation Map of Europe. CEC and Council of Europe, Brussels.

Chen, P. P. (1976): The Entity-Relationship Model - Toward a unified view of data. ACM Transactions on Database Systems 1:9-36.

Cook, E. M. (1995): Economic Botany Data Collection Standard. Prepared for the International Working Group on Taxonomic Databases for Plant Sciences (TDWG). Royal Botanic Gardens, Kew.

Croft, J. R. (1992) (compiler): HISPID - Herbarium Information Standards and Protocols for Interchange of Data. Summary paper and data dictionary. Australian National Botanic Gardens (unpublished, available on the Internet via gopher://muse.bio.cornell.edu/00/standards/hispid/hispid91.std).

FAO (1974): Map of the World, Vol. 1. FAO-UNESCO, Paris.

Farr, E. (unpublished): Proposed new consensus structure for types databases. Working document, International Working Group on Taxonomic Databases for Plant Sciences (TDWG), 1991.

FGDC (1994): Content standards for digital geospatial metadata (June 8). Federal Geographic Data Committee, Washington.

Greuter, W., Barrie, F. R., Burdet, H. M., Chaloner, W. G., Demoulin, V., Hawksworth, D. L., Jørgensen, P. M., Nicolson, D. H., Silva, P. C. Trehane, P. & McNeill, J. (1994): International Code of Botanical Nomenclature (Tokyo Code). Regnum Vegetabile 131. Koeltz Scientific Books, Königstein.

Heywood, C. A., Heywood, V. H. & Wyse Jackson, P. (1990): International Directory of Botanical Gardens V. Koeltz, Königstein.

Holdridge, L. R. (1967): Life Zone Ecology. Tropical Science Center, San José.

Holmgren, P. K., Holmgren, N. H. & Barnett, L. C. (1990): Index Herbariorum, Pt. 1: The Herbaria of the World (ed. 8). Regnum Vegetabile 120.

IUCN/WWF (1987): The International Transfer Format (ITF) for Botanic Garden Plant Records. Plant Taxonomic Database Standards No. 1. Hunt Institute for Botanical Documentation, Pittsburgh.

Microtool (1995): CASE/4/0 version 4.1 program and on-line documentation. Microtool GmbH, Berlin.

USDA (1975): Staff Soil Survey. Soil Taxonomy. USDA SCS Agr. Handbook 436. 

Walter, H. & Breckle, S.-W. (1983): Ökologie der Erde, Vol. 1. G. Fischer, Stuttgart.

Wilson, P. D. (1993): Missouri Botanical Garden Research Data Model. Release 4.0. Prepared for the Research and Steering Committee. Missouri Botanical Garden (unpublished).

Appendix

Complete List of Entities, Attributes, and Data Elements in the CDEFD Model



Entities are listed alphabetically. Every attribute name is followed by the name of its data element, which in many cases provides a short description of the attribute's meaning. Type and example values refer to the data element.

All Attributes with suffix "_ID" are data independent primary keys (in many cases candidate keys, i.e. attributes or a combination of attributs exists which may be used instead). Foreign keys defined in the model are indicated by the suffix "_Pt".

The entities Accounting Mechanism, Address, Reference Title, and Reference Detail are not further detailed. (See IOPI Model for the latter two). Linking tables for many-to-many relationships without additional attributes are excluded.



�Accession or Inventory Code

AccCode_ID

Data element: Accession or Inventory Code Identifier

Type: LONG



AccCode

Data element: Accession or Inventory Code or Number

Type: CHAR()



AccDate

Data element: Accession Date

Type: DATE



AccResponsible_Pt

Data element: Person Team Identifier

Type: LONG



AccSystem_Pt

Data element: Accession or Inventory Coding System Identifier

Type: LONG





Accession or Inventory Coding System

AccSystem_ID

Data element: Accession or Inventory Coding System Identifier

Type: LONG



AccSystemAbbr

Data element: Accession or Inventory Coding System Abbreviation

Type: CHAR()



AccSystemDescription

Data element: Accession or Inventory Coding System Description

Type: MEMO



AccSystemName

Data element: Accession or Inventory Coding System Name

Type: CHAR()



BulkFlag

Data element: Accession or Inventory Coding System Bulk Accession Possible Flag

Type: LOGICAL (Y/N)



CharactersAllowedFlag

Data element: Accession or Inventory Coding System Rules Alphabet Characters Allowed Flag

Type: LOGICAL (Y/N)



DigitsAllowedFlag

Data element: Accession or Inventory Coding System Rules Digits Allowed Flag

Type: LOGICAL (Y/N)



InternalFlag

Data element: Accession or Inventory Coding System Internal Use Only Flag

Type: LOGICAL (Y/N)



MachineReadableCodeType

Data element: Accession or Inventory Coding Machine Readable System Type

Type: CHAR()

Example values: bar code 3 of 9, responder



OtherAllowedCharacters

Data element: Accession or Inventory Coding System Rules List of Other Allowed Characters

Type: CHAR()



UniqueFlag

Data element: Accession or Inventory Coding System Unique Codes Used Flag

Type: LOGICAL (Y/N)



UpperCaseOnlyFlag

Data element: Accession or Inventory Coding System Rules Upper Case Only Flag

Type: LOGICAL (Y/N)





Accounting Mechanism

No attributes defined.



Address

Address_ID

Data element: Address Identifier

Type: LONG





Association

AssociationDoubtfulFlag

Data element: Association Doubtful Flag

Type: LOGICAL (Y/N)



AssociationType

Data element: Association Type Designation

Type: CHAR()



FirstUnit_Pt

Data element: Unit Object Identifier

Type: LONG



SecondUnit_Pt

Data element: Unit Object Identifier

Type: LONG





Association Type

AssociationType

Data element: Association Type Designation

Type: CHAR()



AssociationDescription

Data element: Association Type Description

Type: MEMO



DirectedFlag

Data element: Association Directed Flag

Type: LOGICAL (Y/N)





Co-ordinate System

CoordinateSystem_ID

Data element: Co-ordinate System Identifier

Type: LONG



CentralMeridian

Data element: Co-ordinate System Central Meridian

Type: INTEGER



CoordinateSystemName

Data element: Co-ordinate System Name or Description

Type: CHAR()



NumberFormatting

Data element: Co-ordinate System Number Formatting Rules

Type: CHAR()



PrefixForX

Data element: Co-ordinate System Prefix for X-value

Type: CHAR()



PrefixForY

Data element: Co-ordinate System Prefix for Y-value

Type: CHAR()



SuffixForXNegative

Data element: Co-ordinate System Suffix for X-negative Value

Type: CHAR()



SuffixForXPositive

Data element: Co-ordinate System Suffix for X-positive Value

Type: CHAR()



SuffixForYNegative

Data element: Co-ordinate System Suffix for Y-negative Value

Type: CHAR()



SuffixForYPositive

Data element: Co-ordinate System Suffix for Y-positive Value

Type: CHAR()





Collection or Subcollection

CollectionAbbr

Data element: Collection or Subcollection Standard Abbreviation

Type: CHAR()



CollectionLocation_Pt

Data element: Person(s), Institution, Company, or Organization Identifier

Type: LONG



CollectionName

Data element: Collection or Subcollection Name

Type: CHAR()



Collection_ID

Data element: Collection or Subcollection Identifier

Type: LONG



DefaultAccSystemCode_Pt

Data element: Accession or Inventory Coding System Identifier

Type: LONG



DefaultStorageMedium_Pt

Data element: Storage Medium Identifier

Type: LONG



ParentCollection_Pt

Data element: Collection or Subcollection Identifier

Type: LONG



StorageLocDetailFlag

Data element: Collection or Subcollection Storage Location Detail Entry Required Flag

Type: LOGICAL (Y/N)



StoredUnderNameFlag

Data element: Collection or Subcollection Stored Under Name Entry Requiered Flag

Type: LOGICAL (Y/N)





Derived Unit

AdditCuratorialIdentifier

Data element: Derived Unit Curatorial Collection Number Suffix

Type: CHAR()



Collection_Pt

Data element: Collection or Subcollection Identifier

Type: LONG



DerivUnitCreatEvent_Pt

Data element: Derived Unit Creation Event Identifier

Type: LONG



DistribRestrictNotes

Data element: Derived Unit Distribution Restriction Notes

Type: MEMO



DistribRestrictSetBy_Pt

Data element: Person Team Identifier

Type: LONG



DistribRestrictSetDate

Data element: Derived Unit Distribution Restriction Set Date

Type: DATE



DistribRestriction

Data element: Unit Restriction Imposed on Distribution

Type: CHAR()

Example values: Generally available, Only to defined institutions, Only to ...



EnsembleSetIdentifier

Data element: Unit Object Identifier

Type: LONG



FieldUnitShortcut_Pt

Data element: Unit Object Identifier

Type: LONG



ParentLinkCertainFlag

Data element: Unit Parent Link Certain Flag

Type: LOGICAL (Y/N)



PermanentLoanFlag

Data element: Unit on Permanent Loan Flag

Type: LOGICAL (Y/N)



PreparationIdentifier

Data element: Derived Unit Preparation Number

Type: CHAR()



Presence

Data element: Derived Unit Presence or Accessibility in Collection

Type: CHAR()



StorageLocationDetail

Data element: Unit Detailed Location within Collection

Type: CHAR()

Example values: Drawer 1, 3A12, Lower right corner of herbarium sheet



StorageMedium_Pt

Data element: Storage Medium Identifier

Type: LONG



StoredUnderName_Pt

Data element: Scientific Name Object Identifier

Type: LONG



TopmostSimilarUnit_Pt

Data element: Unit Object Identifier

Type: LONG





Derived Unit Creation Event

DerivUnitCreatEvent_ID

Data element: Derived Unit Creation Event Identifier

Type: LONG



DerivUnitCreatMethod_Pt

Data element: Derived Unit Creation Method Identifier

Type: LONG



EventDate

Data element: Derived Unit Creation Event Date

Type: DATE



EventResponsible_Pt

Data element: Person Team Identifier

Type: LONG



InheritTypeSimilarFlag

Data element: Derived Unit Creation Inheritance Type Similar Flag

Type: LOGICAL (Y/N)



ParentUnit_Pt

Data element: Unit Object Identifier

Type: LONG





Derived Unit Creation Method

DerivUnitCreatMethod_ID

Data element: Derived Unit Creation Method Identifier

Type: LONG



DerivUnitCreatMethod

Data element: Derived Unit Creation Method Short Name

Type: CHAR()



DerivUnitCreatMethodDescr

Data element: Derived Unit Creation Method Description

Type: MEMO





Ecological Site Descriptors

EcolSiteDescriptor_ID

Data element: Ecological Site Descriptor Set Identifier

Type: LONG



EcolDescriptorName

Data element: Ecological Site Descriptor Name

Type: CHAR()



EcolDescriptorValue

Data element: Ecological Site Descriptor Value

Type: CHAR()



EcolDescriptrSubtypeDesig

Data element: Ecological Site Descriptor Subtype Designator

Type: CHAR()





Field Descriptors

FieldDescriptorSet_ID

Data element: Field Descriptor Set Identifier

Type: LONG



FieldDescription

Data element: Field Descriptor: Description Text

Type: MEMO



Gathering_Pt

Data element: Gathering Object Identifier

Type: LONG





Free Identification Event

FreeIdentifEvent_ID

Data element: Free Identification Event Identifier

Type: LONG



FreeIdentifBy_Pt

Data element: Person Team Identifier

Type: LONG



FreeIdentifEventDate

Data element: Free Identification Event Date

Type: DATE



FreeIdentifNotes

Data element: Free Identification Event Notes

Type: MEMO



MaterialDescription

Data element: Free Description for Non-categorized Unit Material

Type: CHAR()



Unit_Pt

Data element: Unit Object Identifier

Type: LONG





Gathering Event

GatheringEvent_ID

Data element: Gathering Event Identifier

Type: LONG



CollPermit_Pt

Data element: Permit Identifier

Type: LONG



GatheringDate

Data element: Gathering Date (Single Date or First of Period)

Type: DATE



GatheringDateModif

Data element: Gathering Date Modifier

Type: CHAR()

Example values: ca., about, presumably



GatheringDateUntil

Data element: Gathering Date (Second Date of Time Period)

Type: DATE



LegTeamAllii_Pt

Data element: Person Team Identifier

Type: LONG



LegTeamFirst_Pt

Data element: Person Team Identifier

Type: LONG



LegTeamPer_Pt

Data element: Person Team Identifier

Type: LONG



Project_Pt

Data element: Project or Expedition Identifier

Type: LONG



Site_Pt

Data element: Site Object Identifier

Type: LONG





Gathering or Field Unit

FieldCode

Data element: Field Identifier Non-Standard Number or Phrase

Type: CHAR()



FieldNo

Data element: Field Identifier Sequential Number

Type: LONG



FieldNoPrefix

Data element: Field Identifier Sequential Number Prefix

Type: CHAR()



FieldNoSuffix

Data element: Field Identifier Sequential Number Suffix

Type: CHAR()



GatheringEvent_Pt

Data element: Gathering Event Identifier

Type: LONG



GatheringMethod

Data element: Gathering Method

Type: CHAR()



IndivLocalityDescription

Data element: Gathering Individual Locality Description

Type: CHAR()





Gathering Site

Site_ID

Data element: Site Object Identifier

Type: LONG



AltitudePrecisModif

Data element: Altitude Precision Modifier

Type: CHAR(10)

Example values: estimated, ca., about



AltitudeRangeHigherValue

Data element: Altitude Higher Value of Range

Type: INTEGER



AltitudeUnit

Data element: Length Measurement Unit

Type: CHAR()

Example values: m, ft



AltitudeValue

Data element: Altitude Single Value or Lower Value of Range

Type: INTEGER()



AltitudeValueError

Data element: Altitude Value Error

Type: INTEGER



Area_Pt

Data element: Gazetteer: Area Identifier

Type: LONG



CoordinatePrecisModif

Data element: Co-ordinates Precision Modifier

Type: CHAR(10)

Example values: about, estimated, ca.



CoordinateSystem_Pt

Data element: Co-ordinate System Identifier

Type: LONG



CoordinateValueError

Data element: Co-ordinates Error

Type: DOUBLE



CoordinateXValue

Data element: Co-ordinates X-value

Type: DOUBLE



CoordinateYValue

Data element: Co-ordinates Y-value

Type: DOUBLE



GridCode

Data element: Geographical Grid System Cell Code

Type: CHAR()



GridPrecisModif

Data element: Geographical Grid Code Assignment Precision Modifier

Type: CHAR()



GridSystemName

Data element: Geographical Grid System Name

Type: CHAR()



MeasurementMethod

Data element: Geospatial Co-ordinates Measurement Method

Type: CHAR()

Example values: from map, GPS, GPS with local reference



SiteDetail

Data element: Site Localization Detail

Type: CHAR()



SiteUserDefinedName

Data element: Gathering Site User Defined Name

Type: CHAR()





Gazetteer: Area Name

AreaName_ID

Data element: Gazetteer: Area Non-English Name Identifier

Type: LONG



AreaCategoryName

Data element: Gazetteer: Area Category Name

Type: CHAR()



AreaName

Data element: Gazetteer: Area Name

Type: CHAR()



Area_Pt

Data element: Gazetteer: Area Identifier

Type: LONG



DefaultNameFlag

Data element: Gazetteer: Area Name Default Flag

Type: LOGICAL (Y/N)



Language_Pt

Data element: Language Identifier

Type: LONG





Gazetteer: Geographic Area

Area_ID

Data element: Gazetteer: Area Identifier

Type: LONG



AltitudMax

Data element: Gazetteer: Area Highest Point Elevation in m

Type: INTEGER



AltitudMin

Data element: Gazetteer: Area Lowest Point Elevation in m

Type: INTEGER



AreaDataSourceRef_Pt

Data element: Reference Title Identifier

Type: LONG



AreaSubtypeDesignator

Data element: Gazetteer: Geographic Area Subtype Designator

Type: CHAR()



CoordinateSystem_Pt

Data element: Co-ordinate System Identifier

Type: LONG



CoordinateXMax

Data element: Co-ordinates X-value

Type: DOUBLE



CoordinateXMin

Data element: Co-ordinates X-value

Type: DOUBLE



CoordinateYMax

Data element: Co-ordinates Y-value

Type: DOUBLE



CoordinateYMin

Data element: Co-ordinates Y-value

Type: DOUBLE



HigherCategoryArea_Pt

Data element: Gazetteer: Area Identifier

Type: LONG



LandWaterMarker

Data element: Gazetteer: Area is Land and/or Water Marker

Type: CHAR()



ValidFromDate

Data element: Gazetteer: Area Validity Starting Date

Type: DATE



ValidUntilDate

Data element: Gazetteer: Area Validity Ending Date

Type: DATE





Gazetteer: Geographic Area Inclusion

IncludedArea_Pt

Data element: Gazetteer: Area Identifier

Type: LONG



IncludingArea_Pt

Data element: Gazetteer: Area Identifier

Type: LONG



PartiallyIncludedFlag

Data element: Gazetteer: Geographic Area Partial Inclusion Flag

Type: LOGICAL (Y/N)





Geoecological Classification Unit

GeoecolUnit_ID

Data element: Geoecological Classification Unit Identifier

Type: LONG



GeoecolClassCategory

Data element: Geoecological Classification Unit Category

Type: CHAR()



GeoecolClassSubtypeDesig

Data element: Geoecological Classification Unit Subtype Designation

Type: CHAR()



GeoecolClassSystemRef_Pt

Data element: Reference Title Identifier

Type: LONG



GeoecolClassUnitDetail

Data element: Geoecological Classification Unit Detailed Description

Type: MEMO



GeoecolClassUnitName

Data element: Geoecological Classification Unit Name

Type: CHAR()



HigherUnit_Pt

Data element: Geoecological Classification Unit Identifier

Type: LONG



Language_Pt

Data element: Language Identifier

Type: LONG





Institute, Company, or Organization

ICO_ID

Data element: Institution, Company, or Organization Identifier

Type: LONG



BelongsTo_Pt

Data element: Institution, Company, or Organization Identifier

Type: LONG



ICOName

Data element: Institution, Company, or Organization Name

Type: CHAR()



StandardAbbr

Data element: Institution, Company, or Organization Standard Abbreviation

Type: CHAR()



StandardSource_Pt

Data element: Reference Title Identifier

Type: LONG





Language

Language_ID

Data element: Language Identifier

Type: LONG



LanguageCharacterSet

Data element: Language Character Set



LanguageEnglishName

Data element: Language English Name

Type: CHAR()



LanguageISOAbbr

Data element: Language ISO Code

Type: CHAR(2)



LanguageOwnName

Data element: Language Own Name

Type: CHAR()



LanguageSortOrder

Data element: Language Sort Order





Loan

Loan_ID

Data element: Loan Identifier

Type: LONG



DeadlineDate

Data element: Loan Deadline for Return Date

Type: DATE



RecipientLoanIdentifier

Data element: Loan Recipient Loan Identifier Code

Type: CHAR()



RemindersSent

Data element: Loan Reminder Letters Sent

Type: MEMO



Request_Pt

Data element: Person Team Identifier

Type: LONG



ReturnCompleteFlag

Data element: Loan Completely Returned Flag

Type: LOGICAL (Y/N)



Rspnsbl_Pt

Data element: Person Team Identifier

Type: LONG



SenderLoanIdentifier

Data element: Loan Sender Loan Identifier Code

Type: CHAR()





Material Category

MaterialCateg_ID

Data element: Material Category Identifier

Type: LONG



MaterialCategDescription

Data element: Material Category Description

Type: MEMO



MaterialCategName

Data element: Material Category Name

Type: CHAR()





Nomenclatural Type

Type_ID

Data element: Nomenclatural Type Internal Identifier

Type: LONG



DataSource

Data element: Nomenclatural Type Source of Recorded Data

Type: CHAR()



IllustrationRefDetail_Pt

Data element: Reference Detail Identifier

Type: LONG



LectotypificRefDetail_Pt

Data element: Reference Detail Identifier

Type: LONG



OriginalTypeUnit_Pt

Data element: Unit Object Identifier

Type: LONG



ProtologueRefDetail_Pt

Data element: Reference Detail Identifier

Type: LONG



ScientificName_Pt

Data element: Scientific Name Object Identifier

Type: LONG



TypeStatus

Data element: Nomenclatural Type Status

Type: CHAR(16)

Value range: Holotypus, Isolectotypus, Isoneotypus, Isoparalectotypus, Isoparatypus, Isosyntypus, Isotypus, Lectotypus, Neotypus, Paralectotypus, Paratypus, Syntypus, Typus



Unit_Pt

Data element: Unit Object Identifier

Type: LONG



VerificationComment

Data element: Nomenclatural Type Verification Note or Comment



VerifiedFlag

Data element: Nomenclatural Type Checked Against Protologue Flag

Type: LOGICAL (Y/N)





Permit

Permit_ID

Data element: Permit Identifier

Type: LONG



PermitAuthority

Data element: Permit Issuing Authority

Type: CHAR()



PermitDescription

Data element: Permit Description

Type: MEMO



PermitNo

Data element: Permit Number

Type: CHAR()



PermitType

Data element: Permit Type

Type: CHAR()

Example values: CITES, Collection permit, Export Permit





Person

Person_ID

Data element: Person Identifier

Type: LONG



AcceptedName_Pt

Data element: Person Identifier

Type: LONG



FirstNameAndPrefix

Data element: Person First Names and Prefix

Type: CHAR(150)



InitialsAndPrefix

Data element: Person Initials and Prefix

Type: CHAR(15)



LastNames

Data element: Person Last Name

Type: CHAR(100)



Title

Data element: Person Title

Type: CHAR(10)





Person - Institutional Affiliation

Instit_Pt

Data element: Institution Identifier

Type: LONG



Person_Pt

Data element: Person Identifier

Type: LONG



TimePeriodFromDate

Data element: Person - Institutional Affiliation Start of Time Period at Institution

Type: DATE



TimePeriodUntilDate

Data element: Person - Institutional Affiliation, End of Time Period at Institution

Type: DATE





Person Team

PersonTeam_ID

Data element: Person Team Identifier

Type: LONG



PersonTeamDescription

Data element: Person Team Description of Group

Type: CHAR()





Person Team Member

PersonTeam_Pt

Data element: Person Team Identifier

Type: LONG



Person_Pt

Data element: Person Identifier

Type: LONG



Seniority

Data element: Person Team Sequence Position of Person within Team

Type: INTEGER





Person(s), Institute, Company, or Organization

PICO_ID

Data element: Person(s), Institution, Company, or Organization Identifier

Type: LONG



PICOAddress_Pt

Data element: Address Identifier

Type: LONG



PICOType

Data element: Person(s), Institution, Organization, Company, or Organization Type





Plant Standard Uses (TDWG)

Use_ID

Data element: Standard Uses (TDWG) Identifier

Type: LONG



SecCategor

Data element: Standard Uses (TDWG) Second Category

Type: CHAR()



TopCategor

Data element: Standard Uses (TDWG) Top Category

Type: CHAR()



UseDetail

Data element: Standard Uses (TDWG) Detail

Type: CHAR()





Plant Uses Assignment

FieldDescriptors_Pt

Data element: Field Descriptor Set Identifier

Type: LONG



Source_Pt

Data element: Person Team Identifier

Type: LONG



StandardUses_Pt

Data element: Standard Uses (TDWG) Identifier

Type: LONG





Preservation State Assessment Event

AssessedBy_Pt

Data element: Person Team Identifier

Type: LONG



AssessmentDate

Data element: Preservation State Assessment Event Date

Type: DATE



AssessmentMethod

Data element: Preservation State Assessment Method

Type: CHAR()



PreservationState

Data element: Preservation State

Type: CHAR()



Unit_Pt

Data element: Unit Object Identifier

Type: LONG





Preservation Treatment Event

TreatedBy_Pt

Data element: Person Team Identifier

Type: LONG



TreatmentDate

Data element: Preservation Treatment Date

Type: DATE



TreatmentDescription

Data element: Preservation Treatment Description

Type: CHAR()



TreatmentMethod_Pt

Data element: Preservation Treatment Method Identifier

Type: LONG





Preservation Treatment Method

PreservationMethod_ID

Data element: Preservation Treatment Method Identifier

Type: LONG



MethodDescription

Data element: Preservation Treatment Method Description

Type: MEMO



PreservationMethod

Data element: Preservation Treatment Method Name

Type: CHAR()





Project or Expedition

Project_ID

Data element: Project or Expedition Identifier

Type: LONG



ProjectAcknowledgement

Data element: Project or Expedition Funding Acknowledgements

Type: CHAR()



ProjectNotes

Data element: Project or Expedition Description and Notes

Type: MEMO



ProjectTitle1

Data element: Project or Expedition 1st Title

Type: CHAR()



ProjectTitle2

Data element: Project or Expedition 2nd Title

Type: CHAR()





Published Exsiccata

Exsiccat_ID

Data element: Published Exsiccatum Identifier



ExsiccatBookletRef_Pt

Data element: Reference Title Identifier

Type: LONG



ExsiccatFascicleNo

Data element: Exsiccatum Fascicle Number

Type: CHAR()



ExsiccatName

Data element: Exsiccatum Name

Type: CHAR()



ExsiccatNotesRef_Pt

Data element: Reference Title Identifier

Type: LONG



ExsiccatRef_Pt

Data element: Reference Title Identifier

Type: LONG



ExsiccatSerialNoEnd

Data element: Exsiccatum Serial Number

Type: CHAR()



ExsiccatSerialNoStart

Data element: Exsiccatum Serial Number

Type: CHAR()





Storage Medium

StorageMedium_ID

Data element: Storage Medium Identifier

Type: LONG



MediumDescription

Data element: Storage Medium Description

Type: MEMO



StorageMedium

Data element: Storage Medium Designation

Type: CHAR()





Taxon Identification Event

TaxonIdentifEvent_ID

Data element: Taxon Identification Event Identifier

Type: LONG



TaxonIdentifBy_Pt

Data element: Person Team Identifier

Type: LONG



TaxonIdentifCitavit_Pt

Data element: Reference Detail Identifier

Type: LONG



TaxonIdentifEventDate

Data element: Taxon Identification Event Date

Type: DATE



TaxonIdentifModif

Data element: Taxon Identification Modifier

Type: CHAR()

Value range: aff., c., cf., near



TaxonIdentifModifRank

Data element: Taxon Identification Modifier Rank Referred to

Type: INTEGER(2)

Default value: Lowest rank in identified taxon



TaxonIdentifNotes

Data element: Taxon Identification Event Notes

Type: MEMO



TaxonIdentifType

Data element: Taxon Identification Type

Type: CHAR()

Default value: Determined

Value range: Absent, Confirmed, Determined, Negative



TaxonIdentifVerifLevel

Data element: Standard (ITF) Verification Level for Identification

Type: CHAR(1)

Default value: space

Value range: 0, 1, 2, 3, 4, space



TaxonIdentified_Pt

Data element: Potential Taxon Name Object Identifier

Type: LONG



Unit_Pt

Data element: Unit Object Identifier

Type: LONG





Transfer Agreement

Agreement_ID

Data element: Transfer Agreement Identifier

Type: LONG



Agreement

Data element: Permanent Transfer Agreement

Type: MEMO





Transfer Event

TransferEvent_ID

Data element: Transfer Event Identifier

Type: LONG



Carrier_Pt

Data element: Person(s), Institution, Company, or Organization Identifier

Type: LONG



PostageCharged

Data element: Transfer Event Total Postage Charged

Type: LONG



ReceiptAcknowledgedDate

Data element: Transfer Receipt Acknowledged by Recipient Date

Type: DATE



ReceivingDate

Data element: Transfer Date Received

Type: DATE



ReceivingNotes

Data element: Transfer Notes upon Receiving

Type: MEMO



Recipient_Pt

Data element: Person(s), Institution, Company, or Organization Identifier

Type: LONG



Sender_Pt

Data element: Person(s), Institution, Company, or Organization Identifier

Type: LONG



SendingDate

Data element: Transfer Date of Sending

Type: DATE



SendingNotes

Data element: Transfer Notes on Sending

Type: MEMO





Unit

Unit_ID

Data element: Unit Object Identifier

Type: LONG



Confidentiality

Data element: Unit Confidential Data Designation

Type: CHAR()



ConfidentialityNotes

Data element: Unit Confidentiality Assignment Notes

Type: MEMO



ConfidentialitySetBy_Pt

Data element: Person Team Identifier

Type: LONG



ConfidentialitySetDate

Data element: Unit Confidentiality Assigned on Date

Type: DATE



DataSource

Data element: Unit Data Source

Type: CHAR()



MaterialCategory_Pt

Data element: Material Category Identifier

Type: LONG



OriginalSourceGraphics

Data element: Unit Transcription Original Source Graphics

Type: PICTURE



OriginalSourceText

Data element: Unit Transcription Original Source Text

Type: MEMO



OwnedBy_Pt

Data element: Person(s), Institution, Company, or Organization Identifier

Type: LONG



TranscribedFlag

Data element: Unit Data Transcribed Flag

Type: LOGICAL (Y/N)



TranscriptionNotes

Data element: Unit Data Transcription Notes

Type: MEMO





Unit Subtype Cultivation

CultivationNote

Data element: Cultivation Unit Experience Note

Type: MEMO



CultivationTransfInterval

Data element: Cultivation Transfer Interval

Type: DOUBLE





Unit Subtype Designation

UnitSubtype_ID

Data element: Unit Subtype Identifier

Type: LONG



UnitSubtype

Data element: Unit Subtype Name

Type: CHAR()



UnitSubtypeDescription

Data element: Unit Subtype Description





Unit Subtype Herbarium Label

AdditionalLabelText

Data element: Label Later Text Additions



LabelFooter

Data element: Label Footer

Type: CHAR()



LabelTitle1

Data element: Label First Title

Type: CHAR()



LabelTitle2

Data element: Label Second Title

Type: CHAR()





Unit Subtype Published Exsiccatum Specimen

Exsiccat_Pt

Data element: Published Exsiccatum Identifier



SerialNumber

Data element: Exsiccatum Serial Number

Type: CHAR()



TaxonName_Pt

Data element: Scientific Name Object Identifier

Type: LONG





Unit Subtype Quantification

QuantifValue

Data element: Quantity Measured

Type: DOUBLE



QuantifValueError

Data element: Quantification Value Error

Type: DOUBLE



QuantifValuePrecisModif

Data element: Quantification Value Precision Modifier

Type: CHAR()



QuantityQualificationText

Data element: Quantitification  Text

Type: CHAR()

Example values: Much, Large, Small, Minute



UnitOfMeasurement

Data element: Quantitification Unit of Measurement

Type: CHAR()





Unit Transfer

UnitTransfer_ID

Data element: Unit Transfer Identifier

Type: LONG



Loan_Pt

Data element: Loan Identifier

Type: LONG



TransferAgreement_Pt

Data element: Transfer Agreement Identifier

Type: LONG



TransferEvent_Pt

Data element: Transfer Event Identifier

Type: LONG



UnitTransferType

Data element: Unit Transfer Type

Type: CHAR()



Unit_Pt

Data element: Unit Object Identifier

Type: LONG
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