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Abstract

Taxonomic treatments are reference systems for plants, animals and other organisms. These treatments are increasingly being held in electronic form as taxonomic databases allowing access by a wider community over the World Wide Web. The querying of material over the Web may require data sets to be combined to provide a solution. Despite the advantages of access to large volumes of web-based data, problems can occur when combining treatments as they can be based on conflicting reference systems. These conflicts arise as a result of the subjective nature of the classification process and the geographical or historical differences in background knowledge. This poster paper outlines a model of taxonomic naming conventions as a set of formal constraints that may be applied to the detection of conflicts in taxonomic treatments.  Rules relating to the naming of taxa, and dealing with complex synonymy are summarized. Future expansion including the formalising of rules relating to the taxonomic hierarchy is outlined. 

1. Introduction

The LITCHI project (Logic-based Integration of Taxonomic Conflicts in Heterogeneous Information Systems) aims to develop software to enable the automated detection and, as far as possible, the automated resolution of conflicts in dispersed databases of species-related data. These conflicts are a result of the subjective nature of the classification process and arise either during a dynamic query or when attempting to combine data sets to create a more comprehensive treatment. The first step in the process of tackling this problem is to construct a formal model of the rules used by biologists when naming newly discovered species, and when reclassifying known species.  This formal model consists of definitions of terms, constraints and rules. It is being used as the basis for:

1) The derivation of a set of integrity checking rules for detecting deviations from standard naming conventions within a given taxonomic checklist.

2) The derivation of integrity checking rules for detecting conflicts between two taxonomic treatments that are to be combined.

3) The derivation of repair rules for determining the set of possible actions that may be taken to resolve a conflict.

4) Determining, from the repair actions, whether a conflict can be resolved automatically or by a skilled editor, or whether expert biological knowledge is required.

5) Presenting feedback to the user in appropriate biological terminology, thus aiding understanding.

Our model is being tested against data sets from existing species databases (e.g.: ILDIS World Database of Legumes [Bisby et al. 1997], ILDIS Legumes of Northern Eurasia [Yakovlev et al. 1996], Legumes of West Asia [Lock & Simpson 1991]). In this poster, we present our preliminary model of the Botanical and Zoological Codes of Nomenclature [Greuter et al. 1994, Ride et al.1985]. Many organisms have more than one Scientific name, due to the subjective nature of the classification process, and geographical or historical differences in background knowledge.  One of these is designated as the accepted name whilst the others are referred to as synonyms. Conflicts occur when different accepted names are used for the same organism, or the use of the same name for different organisms. We detail our progress in constructing the software to detect naming inconsistencies and conflicts in the hope of stimulating feedback and constructive criticism on our approach from the constraints programming community. 

In section two below, we outline the concept of taxonomic treatments and explain the terminology, while section three explains the problem of taxonomic conflicts. The formalised rules are then detailed in section four. Prior to outlining intended future work we summarize the progress in LITCHI software development in section five. 

2. Taxonomic Treatments

The scientific study of the diversity of living organisms, known as systematics, has two major fields, Classification, which is the process of defining systematic groups known as taxa (singular taxon), and Nomenclature, the allocating of names to these groups. The characteristics of a taxon (or circumscription) are an expression of the range of the variation found within the taxon.  This abstract description is linked to a name by a publicly cited specimen (the type specimen) which falls within that range of variation. A taxonomic treatment is essentially an index of either a particular group of organisms on a global basis, or of a number of groups relating to a more restricted geographical area. As would be expected in an index, each organism should be included only once and should be known by a unique identifier, its accepted name. The accepted name consists of a Latin name and its proposing authority. An example is Trifolium fragiferum L.: in this case the Latin name Trifolium fragiferum was proposed by Linnaeaus. A number of taxonomic databases are already accessible via the World Wide Web. These include the Global Plant Checklist Prototype [Berendsohn 1992] and the International Legume and Database Information Service (ILDIS), which contains a global treatment of Legumes and maintained by the Bioinformatics Laboratory at Southampton University [Zarucchi et al 1993, Hollis et al 1997]. ILDIS can be queried for a range of information including name, form and geographical range. 

3. Taxonomic Conflicts

A taxonomic treatment is usually internally consistent.  However a variety of problems may arise when comparing or combining treatments, as is necessary in order to create a global species database or to supply all the available information relating to a particular organism. These problems include situations in which the same name is used for different organisms or different names are used for the same organism. Such conflicts may arise because experts have based their decisions on different data sets or different samples of the same organism or because new names have been applied in ignorance of previous studies. Where multiple names are applied to one organism, only one name can be known as the accepted name while the others are its synonyms.  Repeated modifications to taxonomic treatments (to correct problems as they are discovered) can result in a complex history of name changes. This can lead to serious difficulties when attempting to combine treatments as considerable inconsistencies may exist for some organisms [Zarucchi et al. 1993, Bisby 1993]. In such cases a decision has to be taken as to which of the classifications is adopted for the combined treatment. An example of an entry in a taxonomic database is shown in Figure 1. The accepted name for this extract is Acacia senegal [(L.)Willd]  the remaining names are the synonyms of this taxon. Apart from the Latin name and the proposing authority, indicated in square brackets, each entry commonly includes the synonym type and a reference list. The synonym types are explained later in this section. The references (bracketed numbers in the examples throughout this paper) detail where the name has been used in the literature. The accepted names in the examples in this paper are indicated with asterisks.

 **Acacia senegal  [(L.)Willd.] **  [50]

      Acacia circummarginata  [Chiov.]   (synonym)  [50]

      Acacia cufodontii  [Chiov.]   (synonym)  [50]

      Acacia glaucophylla  [sensu Brenan]   (misapplied name)  [35,50]

      Acacia kinionge  [sensu Brenan]   (misapplied name)  [35,50]

      Acacia oxyosprion  [Chiov.]   (synonym)  [50]

Figure 1: Taxon showing accepted name, synonyms and associated information

An example of a problem generated as a result of combining two taxonomic treatments is shown in figure 2. This shows taxa taken from two different databases. In this example, the conflict is caused by the fact that Trifolium fragiferum L, is given as a synonym for one taxon and as an accepted name in another, a situation which is not permitted under the Botanical and Zoological Rules of Nomenclature. The problem exists in this case as a result of one treatment having many taxa, the other uniting some of the groups.

Northern Eurasia Database
West Asian Database

**Amoria fragifera  (L.)Roskov **
**Trifolium fragiferum  L. **

Galearia fragifera (L.)C.Presl (synonym)
Trifolium fragiferum var. pulchellum Lange  (synonym)

Trifolium fragiferum  L.  (synonym)


Figure 2: Treatments from two databases

There are a number of possible situations that might arise when combining two data sets. 

1) Both the accepted names and the synonyms are the same.

2) The accepted names are the same and the synonyms are different.

3) The accepted names are different, but the synonyms are the same.

4) Both the accepted names and the synonyms are different.

Situations one and four describe apparently non-conflicting situations, but conflicts with other taxa are possible if further data sets are added. The second situation identifies possible conflicts due to different synonym treatments. Situation three above illustrates a conflict, where combining taxa would lead to one group having two accepted names. Currently, resolving conflicts in treatments requires the scrutiny of a taxonomic specialist, and is therefore a time consuming process. The LITCHI project aims to devise a semi-automated pre-screening process to detect and, where possible, deal with taxonomic conflicts leaving only those of greatest complexity or contention to be resolved by taxonomic experts. Our initial discussions suggested the following set of rules about the consistency of species names.

1) Each taxon should have exactly one accepted name.

2) A taxon can have none, one or many synonyms.

3) No name can be a synonym for more than one taxon.

4) A taxon can not have an accepted name that is the same as a synonym.

Complications are introduced as some of these rules are waived in certain situations depending on the type of the synonym. These can be simple synonyms, where another name is used for one organism or homonyms where identical Latin strings may be used in two names. The synonyms with more complex relationships are misapplied names, orthographic variants and pro-parte synonyms. The different synonym types are described in the following subsections. 

3.1 Homonyms

A homonym is a synonym in which the same Latin string is used for two different species. The author strings should be different. For example Lathyrus pubescens (underlined in the example below) was used by two different authors to refer to two  different taxa. This is permitted and does not generate a conflict as the accepted name is composed of both the Latin string and author, so while the Latin string is identical, they are not identical accepted names. 

 **Lathyrus pubescens  Hook. & Arn. **

      Lathyrus acutifolius  Vogel   (synonym)  [1061]

      Lathyrus andicolus  Gand.   (synonym)  [1061]

      Lathyrus dumetorum  Philippi   (synonym)  [1061]

      Lathyrus petiolaris  Vogel   (synonym)  [1061]

      Lathyrus purpureo-coeruleus  Knowles & Westc.   (synonym)  [1061]

**Lathyrus cabreranus  Burkart **

      Lathyrus dumetorum  Burkart   (synonym)  [1061,1132]

      Lathyrus pubescens  D.Clos   (synonym)  [1132]

Figure 3: Example of a Homonym

3.2 Misapplied names 

A misapplied name is a synonym that was originally included in a different (incorrect) group and was subsequently changed to be a synonym of a different taxon. “This can result in the same name being used for more than one taxon.  However, the authority strings will differ with the name of the authorities being different and the misapplied name containing the word “sensu”.  The example below shows Acacia senegal sensu O.B. Miller.  Miller mistakenly used the name Acacia senegal for a species different to that originally described under that name.  The species he described was later shown to be Acacia galpinii.” The fact that the name Acacia senegal now appears twice, once as a synonym and once as an accepted name is not a conflicting situation.
**Acacia senegal  (L.)Willd. **  [50]

      Acacia circummarginata  Chiov.   (synonym)  [50]

      Acacia cufodontii  Chiov.   (synonym)  [50]

       …

    **Acacia galpinii  Burtt Davy **  [50]

      Acacia senegal  sensu O.B.Miller   (misapplied name)  [72]

Figure 4: Example of a misapplied name 

3.3 Orthographic variant

An orthographic variant is an alternative or misspelling of the same name; only one can be the accepted spelling while the other is labelled as an orthographic variant synonym. The example given below was taken from ILDIS and contains three possible orthographic variants for the taxa, only one of which (Lathyrus gorgoni) is the accepted name. These misspellings can not be ignored once they have been incorporated into the literature, and therefore have to be included in taxonomic records.

**Lathyrus gorgoni  Parl. **  [454,754,852,1862]

      Lathyrus amoenus  Fenzl   (synonym)

      Lathyrus gorgonei  Parl.   (orthographic variant)

      Lathyrus gorgonei subsp. tiriopolitanus  (Davidov)Ponert   (synonym)  [454]

      Lathyrus gorgonii  Parl.   (orthographic variant)  [754,852]

Figure 5: Example of an Orthographic Variant

3.4 Pro-parte synonym

A pro-parte synonym results when a taxon is divided into two or more new taxa. The original name is retained as the accepted name of one of the new taxa and becomes the synonym of the others. In this situation the 'p.p.' marker is added to the author string. It is then possible for there to be identical names and authority strings (differing only in the inclusion of ‘p.p.’) for different taxa. A pro-parte synonym is then a synonym that has an identical Latin string and authority as another taxon’s accepted name or synonym. This could be a synonym to synonym as any synonyms linked to the accepted name of the original taxon will also be split, and also the status of the original accepted name could later be reduced to that of a synonym. The rules outlined in the following section have to allow for this potentially complex history of nomenclature changes.

**Crotalaria retusa L.**

   Crotalaria cuneifolia (Forsskal) Schrank, p.p.A (synonym)

   Crotalaria hostmannii Steudel (synonym)

   Crotalaria retusifolia Stokes (synonym)

   Dolichos cuneifolius Forsskal (synonym)

   Lupinus cochinchinensis Lour. (synonym)

**Crotalaria spectabilis Roth**

   Crotalaria altipes Raf. (synonym)

   Crotalaria cuneifolia (Forsskal) Schrank, p.p.B (synonym)

   Crotalarai lechnaultii DC.

Figure 6: Example of Pro Parte synonyms

4. Formal model of Conflict in Biological Nomenclature

The formal expression of the rules allows the development of an algorithm for detecting conflicts, deducing the nature of the problem and determining the course of action required. To produce a series of first order logic rules the following primitives were used.

1) accepted_name(name, authority, references, list, taxon).

2) synonym(name, authority, references, indicator, list, taxon).

3) taxon(taxon).

4) checklist(list). 

5) origin(taxon,treatment).

These represent the knowledge stored in the taxonomic treatments to be considered. A checklist is the combined taxonomic treatment that requires checking. The ‘origin’ primitive records which taxon originated in which treatment. The accepted name primitive is the unique identifier of the taxon and includes the Latin name and authority, the references and the checklist and taxon. The ‘synonym’ primitive, of which there may be any number, includes similar information to the ‘accepted_name’ primitive with the addition of an indicator of whether the entry is an orthographic variant, a misapplied name or a simple synonym. The consistency rules are outlined below.

Rule 1-

A taxon in a checklist has exactly one full name with accepted status


((l,t) checklist(l) ( taxon(t) => ((!n) accepted_name(n,_,_,l,t)

Rule 2

No name may appear as both an accepted name and a synonym within the same checklist


( ((n,a,l) checklist(l) ( accepted_name(n,a,_,l,_) ( synonym(n,a,_,_,l,_)

Rule 3


In any given checklist no name is the accepted name of more than one  taxon

((n,a,l,t1,t2) checklist(l) ( taxon(t) ( accepted_name(n,a,_,l,t1) ( accepted_name(n,a,_,l,t2) ( t1 =  t2 
Rule 4

In any given checklist no name may appear as a synonym of more than one taxon

((n,a,l,t1,t2) checklist(l) ( taxon(t) ( synonym(n,a,_,_,l,t1) ( synonym(n,a,_,_,l,t2) ( t1 =  t2 

Some of the above consistency rules require some revision to allow for special cases generated by the different types of synonyms. The presence of pro parte synonyms creates valid exceptions to the general consistency naming rules. Rule 2 has to be revised to allow for these exceptions (see below).

Rule 2 (revised)

There is no checklist where an accepted name and synonym are the same and the synonym is not pro-parte.

( ((n,a1,a2,l) checklist(l) ( accepted_name(n,a1,_,l,_) ( synonym(n,a2,_,_,l,_) ( ( pro_parte(a2) 
Rule 4 now requires that in a given checklist no name appear as a synonym of more than one taxon unless it is a pro-parte synonym. However this is not explicitly stated in the rule, as it is already given by the lexical equality of the name. That is, both the names will contain the ‘p.p.’ element in the author string indicating a pro parte synonym and will therefore be identical.

The existence of orthographic variants means that further modifications are required to include the possibility of a situation where two identical orthographic variant synonyms have arisen by chance. Although the possibility of this situation occurring is remote, it must be included in the rules and requires rule 4 to be modified. 

Rule 4 (revised)

In any given checklist, no name may appear as the synonym of more than one taxon, unless it is labelled as an orthographic variant in each case


((n,a,i1,i2,l,t1,t2) synonym(n,a,_,i1,l,t1) ( synonym(n,a,_,i2,l,t2) ( 

(( i1 = ‘orthographic variant’ ( i2 = ‘orthographic variant’) ( t1 =  t2
Pro parte synonyms have been accommodated in the general integrity rules; the remaining rules concerning homonyms and misapplied are outlined below.

Rule 5 

A name in two different taxa can be homonyms if the Latin strings are identical

((n,a1,a2,l1,l2,t1,t2) homonym(t1,l1,t2,l2) ( name(n,a1,_,_,l1,t1) ( name(n,a2,_,_,l2, t2) ( a1  (  a2    ( (l1  ( l2  ( t1  ( t2  )

This rule does not allow synonyms to be classed as homonyms of their accepted name, as in a homonym relationship each entry must refer to a different type specimen. A misapplied name cannot be an accepted name. Rule 6a below indicates that the misapplied name and the accepted name are mutually exclusive. Rule 6b illustrates a potential conflict.

Rule 6a

No accepted name can also be labelled as a misapplied name within the same checklist


((n,a,l,t) checklist(l) ( accepted_name(n,a,_,l,t) ( ( misapplied name(n,a,l,t)  

Rule 6b

In any given checklist, no name can appear as both a misapplied name and a non-misapplied name  with the same author

( (( n,a,1,a2,l,t2,t2) name(n,a1,_,_l,t1 )  ( name(n,a2,_,l,t2) ( t1 ( t2  ( (sensu(a1,a2 ) ( sensu(a2 ,a1)) 

This covers the cases where a misapplied name is a synonym and may conflict with another taxons accepted name or synonym. 

5. Software Development

To enable the automated detection and resolution of conflicts in taxonomic treatments, software has been developed to enable data in heterogeneous systems to be imported into a common format, XDF (the biological data exchange format) [White and Allkin 1992, White and Allkin 1993]. Further software has then been devised to convert this 'standard' format into a set of Prolog facts, corresponding to the primitives, used in our formal model. This enables a Prolog checking program to examine the data for taxonomic inconsistencies. For example rule 2 is trivially translated into the following prolog clause:

    rule 2:-

checklist(List), 

synonym(Name,Authority,_,_,List,_),

accepted_name(Name,Authority,_,List,_),

The treatments are asserted into memory and then combined to form one checklist for testing. Five selected data sets, with different types of conflicts have been used to assess the behavior of the rules. These include data from the International Legume and Database Information Service (ILDIS), Northern Eurasia Legume Database, West Asian Legume Database and from two papers (Larsen and Patterson [1990] & Tong [1997]). Currently these test sets are limited to less than one hundred entries each. While these rules do not yet model the complete problem domain, they successfully detect a number of significant problems within the test data, where the combined treatments had violated the integrity rules. The program was also successful in detecting minor conflicts not detected by the biologist. 

6. Future Work

The project aim is to effect automatic repairs where possible once a conflict has been isolated. The goal state (if any) for a particular solution is not known. For an individual conflict it is possible that a goal state does not exist as the problem under consideration may be part of a larger conflict involving multiple names and taxa. To repair conflicts a deeper knowledge of the codes of nomenclature must be formalised within the rules, including the correct Latin syntax and rules which indicate the relationships between the different elements of a name. It is however recognised that some conflicts will require either editorial or expert intervention to ensure that they are resolved correctly. Further iterations of rule development and testing are planned to refine the current system and enable more complex errors relating to different levels in the taxonomic hierarchy to be detected. Future expansion includes the formalising of rules relating to the taxonomic hierarchy and the objective of detecting conflicts in information retrieved from the World Wide Web.

7. Conclusions

Taxonomic treatments are effectively an index of biological organisms. These treatments, held in electronic form, are being combined either to form more comprehensive treatments or dynamically to enable users to multiple databases. We have detailed some of the problems that can occur when combining treatments as a result of conflicting information. This paper has proposed a number of integrity rules, which may then be applied to taxonomic data. These include some of the more ‘intuitive’ rules used by taxonomists when revising or formulating taxonomic treatments. Our initial testing of the taxonomic rules indicate that they will accurately detect conflicts existing in data sets although further development is required to formulate rules to capture all of the conflicts which currently exist. 
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