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Sùnrnary - Iderlilication of spccics tor the sLud)' olbiodivÈsiLy in Lhe phy[ùù Nemala is deûÈd as being able to identify any of the

12000 describcd spcclcs or ncmâbde\, and being âble to recognise when the spccimcn ùndcr study bclongs to a sp.cics utlknown to
sience Moreover. Lhis largc scalc r dcnLi licâtron mus be done by bioloeists who de not expen h\onomists It is 8ùed thâtlrinred
idcntilication uids rrc kD n gr.l xnd unÈliahle. ând ,rolecùlù iderlitcation aid is too limitcd, to bc uscd in this contcrt Only compuLr
idenr,ficaton tnns æ flexible, reliâble, ùd general enoù-sh to 8i\c a non-trxononrisL LhernxsibiliLy t()i.ÈntiÙ âny species llowever, â

revreÿ ol erisLing knns and àpproæhes shows that they f.l] shorl of rcæhing thr s objecLive The tunchon,ù t)' ot a gencrd rdcnti hclnon
sy\Lem ûâL could ôvercorne lhe problenN and difiicùltics cncountcrcd rn rhe use ôl coûputerikd tôols r s thèn descnbed 'rhis slsrem
(ÿhich has been described by the autioB in s..vcrul micles under the nane of Genlsys) woùU ntclùde a gen@l dâubàse wiLh all the

chdacre6 froù îll the pùblished dcÿriptions of nemrtodes sriecies ànd a sel of inre[üGd identilcrtion kds Sômè ol these lùns
woùld expon ùe dâla into fDrmars usablc by exisnng iLtenLifi.àti0n ànd sysrèùalics tooh Othèr looh wôuld hâle to be develqed k)
sùpport æw approaches A guidâncc tool ÿould heb Lhe non expen user by sùggesling the sùccesi\e compurèrjsed tools to he ùsed

dùring m identiûcâlion sesion orby dircciing thc user to orher tpproæhes. such as molecùld identi ticarion in the.ase ol heLerodÈrids

or some M./oidosrr. spccics

Résrmé - Ge,isJs et t'identiî7atin des nétuto.ler Bsistée par ordiûoteu Lldentilicatior des espèces pour lérude dè lù
hnidilersiÉ dâns le phyluû:Nemâu est délnie comme la posibilité d idcntilicr n'impofie laque|e des 12000 espèes dé.rites
du groùpe el d êûe capâblé de recomaître qùc lc sÉcirncn éLud,i âppdienL à ùne espèce non cncorc d@rite En oùtIe, ce type
d'idendllcâtion à grande échelle doir poùÿoir êtrc pratiqué plr dcs b,olog'stcs qu' ne $nt prs dcs tlxinomistes Il est monûé que les

aides impimécs à l identllication sonttrcp ngides et trop peù h,hles et que l'i.lentiûcaLion molüulore est encorc dc potéc top limitéc
pou ôtre ùtilisùlcs dans cc contcxtc Sculs lcs out,l\ d-rdenL,fi.ation a$isréè pù ôrdinàteur sônL sulhsammcnt flcxiblcs, li blcs cr

eénérâùx poùr permettre à un non tdiromistc d'accomplir lcs idcntilicuûon! définies pl us haut Polrtant, unc ævùe des ou tih exisrùts
et des apgoches ùtilisées montrc qu ils sont ,ncâpôles d'âLLeindre l'ohjectil tré La LncLionnal,té d un systèmc d'identitcatlon
généml c,pâble dc résoudre les pnrblèmes $ulevés lar l'urilisùlbn dlntrils inlùmxrisés esr ensuire décnte Ce systènrc (décrit par
lcs aùtcurs dù préscnt articlc soùs lc nom de Cenisy, dôir comprendre une b8e dè d()nnês avec tous lcs ca.actèrcs inclùs dms
lès descnptions pùbl,æs dès èstèces connues et ùn enkmble d oùrih d ldentincadon inrégrés L un de ces ouhls dcvrart pcrmctuc
d'erporcr les donnæs sus des foûrG ùlitisables ptules oùtils exisrants d'ldentilicalion et de sysléùâLique D'àuLres oulils delrâienL
êûe dévèloppés pour DetrÈ en eùvÈ de noùvetles appr@hes Un où til dc 8ùidagc aider.it le non spécialiste en lui susséranl les ounls
informaliqùes àùriliser sùccessiveùenl d.ns Ic cadrc d'ùnc scssion d'idcntitcation où cn lc dirigeùt ve6 d'autres aprftchès rèllcs qæ
I idcntincrLion molécùlâirc dus lc cas dc ccrtûins Hétuoùiridcs ct d cspèccs dc M./oido8rr.

Kêyùords - ânâtomy- b,ologicâl châturers, bn ôsicàl dflàbù!è, compuLenkd idÈntificaLnin tt,ls, dcscnp[on, morlhology, oryaN,
relrèsenLdtion, systcm\, unliimitl

uiodiversity is the sùdy ofthe variety ofliving beirrgs

In light of this dcfinition. the iirst step in the study of
biodiversity is ùe idenüfication of the vârious kinds of
organisms present in the bioiope beng studled For the

study ofbiodiversity in the phylùm Nernahda Or Nematr
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as argued hy Mâggentj?/ dl, 1987), we need robe âblc 10

For bioùversi ty, identificâlion olnemrtodes is not lim
ited t() the recognition oi â few economically imponânt
specres but 11 means being âblc to pùt a nâme on any
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species obscrvcd lt also mcans being able ro rccognise
thata specimcn belongs to anew species, neÿcrdescribed

Lr thÈ prcsent article, wc will descflbe vffious identiti-
catlon mcthods, focusins more on the problcms ênd drf-
ficulties .Nised by eâch method ùân oû rhc dcr.rils of rhe
medrod ilscll as üese ârc rvdldle frorn mâny gcnerat re-
views (P.rnkhurst, 1975. 1978: Fortuner. 1993r; Ilridge /r
dl, 19913)- Wc will see that, whilc all approaches ând mosr
lool. rmnlcm.nling the\i rftr,,r. he. hJre v:rl,h n. re r.
able lo âllow a biologist Lo identiiy any lorm encoûtercd
in a samplc

We w;ll then sunm.rrise rhe drawbâcks oI rhe exisr-
ing elï)rts and descnbe rhe requiremenrs ior a generâl
identiiicâtion system- Thc conceprs we will plcscnt here
have becn developed over rhe lasr l0 yeffs by I team
con\i:rinF ,,1rhe pre\ent âuth,,r\. lwo compurcr \iienli\1,
irom UC Dâvis (JD and JM) ând one nernarolo-sisr (RO
The projecl wlts called ai iirst Ncmisys (Nemarode ldcn
t;fication Sysrcm). but it wâs soon modified ro GeDisys
(General ldcnrification System) when we sâw rhxt our
lindrng. cùuU readrl) b( tsrncrJli\ed ro rdcnriti,àriun in
ûy biologic.rl group (Diedench s/ al, 1989, 1997, 1998,
1999: Diederich & M Lon, 1989, 1991, 1993â.bi For
tuner. 1989b, l993bi Diedench & Folluner, i996, 1998:
Dicderich,,I997r. Cerisys rs cuûcnrlt a set of high lcvel
pnn.iplés and spccilicaüons lbr biologicÀl databases ând
idendlicntion A summ,ry of rhese pnnciples and a lisr
of articles already published on Genisys c.n be seen on
the Web (http://mâth ucdavN edu/-milton/gelxsys html)
Thesc principles hâvc nol yer been implenenred inro
avâilâble tools, bur the project is seekingfunding.

The varioüs âpproachcs to identincation ând
their limitâtions

lhe moÿ an, ienr merh,,J i,t rdenuncatrùn is inslrnr
rccognltion, rnd it remdns the rnosr Eacriscd fonn of
identilication by the generâl public However, insrant re-
cognitlon qùickly reaches irs limits when we rry to iden
tify less well known species and âs wc discoÿer and dc
\rribe morc ânJ mor( \Êcici. w h nemârôde\, insrJnr
recogmtion is stiU practiscd by all nemrtologists who aJe
âble to identily on sighr the tcw species they srùdy ând by
txxonomists who can recognisc a l.rgernDmber ofspecies
in the groups where they specialise Howcÿcr, rhere is
no nematologist who cân recognise on sighr exch of the
thousaDd spccies descnbcd, rd the nemabdc 1.xonomlsr
r, hIn:cll Jn endanp.rrd rnd hsr-dr.,rpprrring specre..
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Also, the maln concern oftâxonomisrs is to do raronotrry
ând they are not interested in iden tificarion lrer r., which
mcans that taxonomists are nor avrilable ro do rhe large
scâlc identilications rhàt would bù needed lor.r co,IPlr-
hensive study of nemrtodc hiodiversiry

As a resùlt, nenatode idcntification must rely on somc
sort of idcDlificâtion aids. which can bc classified inro
three basrc ütesories: l) rnolccùldr rdentificrrion meth-
ods, ,i) printed idcntification aids. and lii) comprrerised
idcntilic iion ârds (There are othcr approâches. such as
hô\r hnre drflerenri,,l\ hur rhe[ \,'Ileniappticiri,,n 15

vcry limited.)

MOLEcULAR ]DIjNTIFICATIoN METHoDs

Molecùlêr ldentificâtion ceriainly hdds promise and it
is probâbly the onlyposs;ble approâch ro rehblc idcnrifi
cauon in .Ilcrirl ca'e.. .u, h as rho\e l.rplnidoslzl ,pc, ie,
that are âlmost idenhcal to one anotherin morphologybùt
have very different host plântlisrs.

Hovÿever we are not conoerned hcre with rdenLifica
tion of a lèw cconomcally imporiant pârâsires but with
idcn tilicatron lbr bbdiversity purT,oses, which in. tudes aI
specics, knownând ùDknown tn this sense, we do not see
much hope tbr gencml Inolecular identificârion ior two

füsr. rhù Ji6niUon ol moleculù mzrters tor d lrnic-
ular species is â very long, difliculr, and costly plocess.
Understândably. rnost eilbns have concentrared so fâr on
the most economicdlty significant specics, most ol rhcrn
in lhe HereroJ. ridre tamil). a teu Jphelench.. p ai..-
ulârly the closely related spccies Bursdphelenchus \)
loph uslB nuctunaîus, !,ome prrtylenclnds (pdicutarty
RaJùû,'l ù \ \in i t i:l R t i I tophi lu\'. the \i ph ntna an. ri.
cark,z groùp. ,nd a lèw other specics (Table 1) This is
very uselul for planL nÈmârology bul we are far trom our
goâl in the iicld ofbiodivc.siry.

Second, in order to châracterise mrrker molecùles in
a specles, it is necessary ro starr Iiom well idendfied
sp(imens: how âre we going ro idenrify then in rhe
tirst phcel This is nor .l joke or an idle qùcsrion tr hâs
bccn s.id that hâlf oi rhe coùrents of rhc ÿ.rious scDe
banks is useless becâùse rhe mole.ular dârâ applies to
misidentilied spe.inens Even if molecular idenlifi crtion
were a workâble prospect lor biodivcrsiry, ir wontd still
need specmens identilied by traditionrl means, rhâ( is,
irom moryhological and ânaromical dâta



Trblc l. Nunbtr ol ÿadirs ù nxneculur tdentili.atioh ds rc

,,,rr1l m Neûrarologi.rl Absûtcts 1993 1999.

Keys do haÿe their uses They are very helpful to
the per§ons who created them, because they have an

inlimate kno, ledge of the genus ând they âre ùlÈ to
avoid the pifall ol unreliable châncters by using thelr
own expeûise In tàct, taxorornists connnue to publish â

large number of keys: keys are mentioned at least 72 tunes
in Nenatological Abÿracrr during the periodwe scânned
ior moleculâr identification studies (1993 1999)

Anothùr limitrtion olâ purely dichotomotr§ key is th!t
eæh suc.essive dichotomy relies on ê single charncter If
the ch.rNcter used at line L of the key cannot be seen.
the idenliÊcâtion cànnot proceed post line I- Gùessingthe
ânswer ât line l- is risky. wilh a good chance of reaching
rn rncorrecr Jn\$er. ponrcularl) rI rhe idenlrier r, nol rn

These dilficulties led to the second major approâch to

tafcr iJrnri6. rn,n xiJ\: rrbular key\ There.eliminJrion
oi spccics ând groufs oI spc.ies .rn rely on several
ihrrâin r. âr J rimr. uhnh ,!,mc$hJl pr'rcrli uguihl
misusc ol onc unrcliâblc chârâclel In generNl. tôulor
kcys work wcll ât climinrdng all bur one group of o

lew $pecies, ùsing ihe fiIst üree or four characters at the
lcft of thc txblc Tâbul.tr kcys re eâsy to use wilh smâll
gcncrâ but Lhcy qùickly bc.ome too cumbe.some wheo
thc Durnbcr of spcics increâses

Another pmblcm with idcntification àids printed on
pâper is rhxt thc uscr musr follow the origin.rl choices
made by the âuthor of the kcy.Il â user doesn'tàgree wilh
the chorce of the sequencc ol-châràcters in â d;chotomous
kcy, or lvith thc lirsL few chrrNcters ât the left ofâ tabular
kcy, ûothing cân bc donc-

^ 
iinâl problcm is ihat p.per is a dead medium that

cânno1 bc updâicd When new species are described, a
new key needs to be priùtcd, which rarely hâppens Only
xI eleclronic nedium oÊfcrs the flexibility needed to give
al lersr 'orne Jonrol ro rhc uvr nJ r,' makp ir erlier lo
update a key. CoîDurcr idcn ti ficàrion also solves some of
the problerns we encoun(crcd with priniedkeys

CoMptJTERISED IDENTIFIcAI loN AlDs

Compù€r idcùlilicaLioD dds have existed since the
70's, but they aJe not being rcgularly ùsed by people other
than the authors of thc v$ous identificàtion tools that
have been created dunng the pnst:10 ycàrs- In paticuldr,
they arc notbengused bypeoplc who àrc nor themselÿes
specialised identrliers (bâsicâlly Lâxonomists and labora
lur) le(hn\1rnv ln lhr, 'en,e. rnJ rn !prrc ôr \,I im
pressive achievements, rt is n tâct ùd computerised iden,
dficanon remarns limited in i1s usc Wc need to look into

Het e tutle rd/C d.t a.l. /.t

B a tut ph e Ie n.h ts tn a. tun dt tsl\'lop hi h6

Xiphitkm l.n\tstlr antritanûn gtoùp)
Di\len.hus l.nost]ly D .1ipÿn i)
Ra dop h ol us ls i ni Li \L i I rophi I u:)
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PRINlED IDENTITICATION AIDS

Thc sccond rnd oldest rpproach includes âll identifica-
tior rids thrt rreprintcd on papc.

Printed aids in their ovcrwhclming mâiority âre d1-

chotomous keys, but tlle use of keys often resùl$ nr in
erroneous answer This § because keys proceed by elimi
;ÀIon ând the] ol.ten use unreliable characters. A dichoto
mous kcy for â group of n species requires n-l steps,

which does nol ranslâte into n-l characters because the

samc charrctcr can bc uscd seÿeràl times in the key On the

olhcr hrnd, keys often includc lincs wnh more thân one

characler so the total number ol charâclcrs uscd mây ci
ceed ihe n-l nunùerofsfeps. The pointis that keys to the
species of medium io lârge genera requfe several dozen
châraclers Such â lârge ûumber of reliable identification
chârâcters is nor rÿâilàhlc in mostnemâlode genera

Kcys ârc powcrfùl «x)ls thxl ürn be ùsed sâlèly âs long
xs thcy rcly onprimary idcDlificàtion chxirctcrs (Fofluner,
1989b). ,?., characiers that.rcr i) âble to differentiâte
species or groups of species (there xre clerrly marked
gaps in the datâ), ând i, recordable withoui flsk of effor
(cleffly secn, not âmbiguoùs, not vnnâblewithina species

or wilh wcll dcfined vâr;âbility)
The dangeris that, in most nematode generaof mediunr

to lârge size. the ideûtifier quickly runs oùt oi prinr.ry
identificàtion characters and eliminaiion oi species and
groups ofspecies must continue based on uffeliabte char-
acters. Obviousl)r, Lhc rcsùlr âlso is uneliable udess the
identilication is donù by ân ej(pert- It is unlortunate that
cxpet identifiers are fâÿ disNl,pearing: ccrtâinly thcrc àrc

nor enough o[ rhem ro run J lull \cJle biuJi\ernr) pr,,
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ùc reasons for this relâtivc l-âilure oloomputeridenüfica-
ùon ând ry 10 lropose a way to solve ûe problcms we'll

Thi\ c\zlurion uril be pre.cnr(d ,N ,, \h.,rr re\ies
ol the computerised idcnriGcarion tools that have been
proposed so tàr in plant nematology, not so much to
dcscrib€ the approaches uscd but to show why they failed
to provide the perlècr identilicâtion tool

Tâble 2 is the result of a quick chcck of computer
identification in CAB's Ne naù)logi«l Abstrads Tl\islisr
ma) nôr hl f,,mplele pnor ro luq.l. but ir gi!e: àn rn

tercsting overview of the lield It does not include the
works on visu recogninon of nemâtodes using compul
crs (Femandez-Valdiviâ 

"r 
dl, I 989, I 992: Pàlhares Melo

& Bâstos, 1997)

Computer idenrilication of flematodÈs srâfled in 1983-
1984 with two simultaneous projects, onc hy Boag and

Smi r (1983) (scc rcview ir,BoaE et dl-.1989), the other
(câlled Ncmàid) by Foftuner (1983) md Foduner ând
Wong ( I 98:l: I 985) The lwo teâms worked independentl]
liom càch other but they hâppcned to selecr the sâmc
gcnus, Hclr.otlLn.r"r, and thc srme approach, similâ.
ity, based either on x direct matching techniquc (Boâg &
Smith, 1 983) or on the general coeiJicicnt o I sirn i larity of
Gower(Nemaid)- Ir these frrst twopoiecrs we see a good

illusrraiion ofboth the leâp in rcliâbility ofcomputeridcn
tific ion and the hnitaLions oilhis techmque

Iable Z. Vu,ù,. nt'ukr id.ain, nto' tnrl\ tl ,|op,J t rnt ntqù 1,.8)
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Both âfplicâlions uscd x mcâsure of similanty, whrch
is somethirg rhat is eâsily done with â computcr bùL

thât is very tÈdious to do on paper Basrcally, similarity
hetween Jn,rnlroqn \Ilc.im.n àn,1 ..trh ol rhi \driol.
species in the genus is computcd frcm â set ol 20 lo
25 châracters, which is about as mâny âs r dichotomous
kcy would usc, but thcsc chârâcters are considered d1l ai
thc srmc timc (o compute a single measure of sinilârity.
instead of one .t . time as in x kc) This meâns thât the

species are ranked based on all the av.ilablc d.ttâ- This
ÿnncwhat p(nccts rgainst eûors:il one nlstake has been

rnade in the recordirrg and cDtry ol 20 chamcters, the

srmrlaflty computed is still 95% nccurztc This is whrt
i' rJll.d Br,trr'lul Jegrrddrion: rh( s),rern performrn(e
docs dccrcâsc with crrors, brt the decreaseis graduâl, not
catâstrophic as wirh a key whcrc onc mistâke leads to a

completely wrong answer (or to à dead cnd)

Similarity is more reliable thân dichobmy. ând.rs
sùch il is â big iûrFoveûrent over that method However
similarity does not give a singlc ânswer il onl) rlmts lhe

crndrdare 'pecre. rn orderoI re\embIn(e r,, rh. 't'., imcn
Identil'icâtionmxstend withjust one Dame, so it is obvious
thàt s;milâriy âlonc is nor enough ând that some other

In the eârly 80's, thc two tcams worked on thÈ same

group and used the sanle approach, but there w$ Do coù

ceried effort Both ieans developed their olvn dâtabase,

which rcprcscnrs â wxstclll dùplicadon oî efforts AIso,
àr leâsl one ol the sysems (Ncmâid) wlts not kept up to
dJre and rs no lonser avirlJble lhe\e.rre \h.,n.umrng'
thal âIe often seen in the development of compu ter 1dent1-

Gower's similarity coefllcient hrs bccn uscd by othcr
nematologists. in pal1icular Rey r/d/ (1988)andViscardi
and Brzesk (1993: 1995) lt is one of the most poweful
of the dozels oi similârity coelficients thât have been
proposcd ovcr the years rnd similàrity tools ârc ccrtâiDly
very useful tàr identifica tion, as long as they are not used

M u hir a r idte s tal ist i. s

ln 1988 we sa\,!, the introducnon of a new approâch,
mulrivariate stâtistics with ctuster analysis (Rey & Mâ-
hàiân, 1988) This stalistical âpprorch is somcwhal snn
ilar to similÀrity coefficients in ihe sense that alt of the

cha.acters are üsed simultâneously to dete.mine the .el
uli\e pro\imrr) ol rhe unhown ro dll rhe:pecir, c^n
sidered, but thc (àtisticâl mùltivàriate .pproach is much
more powerful than a srmple matclnog coelficient ând it

Vol 2(t), 2txx)

makes it possible ro give a measure of the distances be-
tween the various entiIles-

Like any other appronch, â cluster ânâlysis is only âs

good as the data riuses, and the results âre âfiècied by the

chorce ol châraclers Maûy ÿatistical tools. in identificâ-
lion and other lields, hâve bee proposed and have been
used by people who had very irttle knowledge of dre un-
derlying assumpiions For identilicatron. the tàct thai the
spelimen hlls closesr to species x does not necessffily
mean that it belongs io this species Wrong answers ob'
tained with staiisticdl systems and the reluctance of sonle
flematologiÿs to use â meihod they do not fuly uflder'
stand coriributed to dre relâiive tàilure of this approach.

Even wlth a good choice of characters ând with no
erors in the datâ entered, ihe specimen might belong to
a new species, in which cÂse the only nght answer would
be drat there is no answer TIxs may be rndicated by

'he clu,rer InJl)\i\ asher lhe dinrce ol rhe ,pecrmen

1o âll species considered is statistically significant), but
this woùld not be â definire ânswer, just â possibility
(with only â cel1âh percertage ofchances drat rt is true)
Lambern and Ciancio (199,1) used clusLer ânâlysis to
srudy the relationships betweer specres in the X,/Àrnemû
onericanun grcW,b]utùtey conclxded thaL this method is
rmpractical for identifi catlon

Foftuner and Mnggenti (1991) used another mulhvâri-
âte âpproach, a discrin nant tuncnon anâlysis (DFA),
with bcLtcrrcsulh n) difierentiàte Hirs.hnan icUa ott.de
rrcn H- belli They succeeded in selecting seven charac-
ters dnd a multivariate space thâicould be used to idcnrily
,m unknown specimen belonging to one of these two vcry
similar spe.ies. Still, it took â 6-month study ro dclclop
lhr. merhod lor ,h( diflerenriâriôn ,,1onl) rw,' ,lrerie,
This is .etainly not an approach that could be cxtcndcd
to the thousands ofexisnng nemâtode spccics.

The next two td)ls. MARINEMA and PARANEMA
devehped in I 985 by Tarjên ( 1989), are good cxâmplcs in
nemâologyoiwhat became the mostcomnonly uscd âp
proâch to computer idennfication the computcrisation
ol the traditional dlchoLomous kcy- Computers do allo!ÿ
for â rnajor improvenenr over pdnted keys: mulliple en
Lry The user can aow sclcct which chdrac ters ro entet ând
in which sequence Hopefully, he willuse reliable charac-
ters first Thls does not solÿc Lhe prob lem of lack of a sulï-
cicnt nümber of reliable idenrlication charâclers. bur it re-
dxces the risk oIeârly c.tastrophic error Compurors dso
nake it possiblc to introduce some meâsure of degrêda-
tion in thrt some systems require two (ormore) characrer
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rniÿnalchcs bcfore.ejecting I specics (Prnkhursr. 1993)
The uscr is âllowed to rnâke onc or more mistakes belore
thc idcntification làils This is nor rrue gmcelirl degrâdâ
tion (whcn the user enlers onc cror too mâny, the syslem
làils dally) bui the risks ol a wrong answer are indeed
reduced However, üis approâch rcquires even more char-
actcrs thnn â regular key, which mcâns thât the probability
of nnhing cnors is in fact ncreasÈd.

Mültiplc cntry keys (akâ polyclxvcs) are very nuch
in favour inside ond outside nemâtology Inroducing ihe
1996 Câmhridge symposinû on infomâtion technology,
plant pxthology Ând brodiversily, Sco(t (1998) gives a

lisl ol l I 'diagnostic tools': xll ùc various sorrs of keys

tnulli cùtry keys, graplxcal keys ordicho(omous keys)
Grâphicâl keys are a speciâl subclâss of dichoronrous

keys where thc choices are presented in rhc lorm of
inlages illusttuting the various opLions insrcàd ol text, as

in tradrtional kcys. A goodexample ofgrâphicâlkcys lor
nematology cân bc seen in the web page (htlpr/iânrwww
ùnl edu/ranr/plnrpâLh/nematode,&ey/nemakey hlm) prcpa
red by Tarian, Esscr and Chans

Graphical kcys càn be used in two modcs Thc user
can browse through the key, hoping to see an imagc thrr
'kDks like' ihe specimc, to he identified, or can use rhc
grrphicâl key rr a dichotomous manner. m which cnsc rhe
grâphicrl key is only â vâriânt ol the dichotomous key,
\ùith dâLi presentedin â grâph;câl insread of a rextuâl wry
Graphicàl kcys are aestheticxlly plcasing rnd rhey elicit
grcxt initirl intereÿ liom poLenriâl ùsers, but rhey sufl-cr
from rhc sâme linxtatlons âs thc other elirnination rools

OuLside nenutology, graphical keys arc used by ETI,
a general idcntificêtion prqecr bâscd in Amsterdam rhar
plans ropublish identificâtion âids où CD ROMS 1àr vân-
ou s biologicxl groups (Schalk, I 998) In spire of iheir pol-
ished appeârâncc, ETI identitications aids rely on a d1-

chotonous âppronch. with all the hnitâtions xnd dansexi
of this rnethod

Table 2 shows th t keys have been uscd cxtensively
in nernatology. either as ÿand-rlonc trogrnms such as

DORT (Zullini & Màrganelli. 1989) or Ns applicarions
built on rop oi comnercial sprcâdshccrs (Yo WelMin,
1996: Ryss, 1997a, b) 1t would seem thar biok)gisrs who
create compùtcr identification systems rend ro use rhe

electronic mùdium to do whai thcy uscd to do on paper
In sorne cases, prinled descripnons ând kcys rre bodily
trânsferred loâD clectronic medrum. such âs rheCD ROM
ot MeLoido$ e syrtematics ând idenrilicitlion prepared
by Eisenba.k (1997).

It may be ihat it lâkes â computer sciendsr ro rake full
advantâge ofthe potcntiêl ofcomputers and rhe next three
approaches havc bccn developed oulside of biology

Thc lcrm 'cxpet system' is uscd wirh many dillèrcnt
meânings- PxDkhùrst (t993) calls cxprt systems applicr
iions such rs his own PANKEY Drllwitz s CONFOR or
Lcbbc's XPÈR alihough thcy are not based on rules bur

A tflre experL syslem is based on les, sùch as the one
proposed in Tnblc:1, eniered into â gcncral purposeappli-
cation câllcd ân expell system shcll (which includes rhc
expen syslcm cngire butno rules) We havenotbeenâblc
to locâLc rny rule based identificrtion systems inncmàtd
ogy What was oflginâlly conceived as ân experl sysrem
re, !a.rtri.tu by Drederich and Milron (1989) cÿolved into
thc more suitable corcept oiexper workstxtion described
by these authors in Diedcrich ard M ton(1993!,b).The
'experl systcm' oi Câltsoÿa and Kulnngieva (1995) is ,r

complctcsystem widlsonlebùilr in experiise. bur i rs iden
riTicâLion ipproâch is bascd on I polyromialkey

It would be theoreticâlly possible ro design a tool thaL
wotrld construct the rulcs âuromaricâlly lïom the pub-
lishcd diagnosis, âs mos( cxpetsysteûr sheUs inclùde ver-
ilcàtion funclions thrt check the pcrtinence and consis
tency of the rulcs md nrke sure thcre are no incompxri
biliries.

However, thc exdmple in Tâblc 3 shows thar ân cxperr
sysrem is .r f.ncy way to wrire a key k is rrue thar it
olicrs severâl inportant funcrions unknown in a key: ir
ùses all characters sinrultaneously instead of sequ enriâlly.
itprovides exlrà functions such âs rhe ability ro explàin ro
some extent its rcâsming in a diâgno§is or idenliticâtion,
and it grves â dcgree of conlidcnce it has in the rnswer

Table 3. ExtûqLe ol d rule î,r d bpaùetiuLl ùrû s)sietu lù
th( in?ntifrdiit t olPt^tylenchts l,l)

If
ltisal'ùt.,l.n hnr
ir has hlo lip ânnul,

ir has m erDty srEmatheca (mrlcs lbsent)
it hrs a smoorh rxriend
,t has lourliæs in the htcral lield
it has ! stylet more than t9 /1m long
ir hd\ âvulva ar 82 89./. olbody lengLh
ir has bÿ anguh.lip region

]t is t'. brath|atu\



Howeve( it rvould be drlficult to difierentiate tiom the
intÈrlàce âlonc â rùlc b.tscd cxpcn system lronr r mâtrir
bascd nulliplc entry key Ir both cascs thc slstcmasks thc

u'er loexler ûe charJcler' it needs. rnd in hoth cJ'e! rl i\
susceptible to taulty dâtâ

Neural neruork, sork rn â reO drnerenr qJ) .rnce

lhey âre modelled on connÈctions of nodes in a manner
sùggested by the connection oi ncù()ncs in thc br.rin-

Typicàlly, a neural network includes severâl levels of
nodes, ollen rhrcc levels, ând the nodes in one level âre

â11 inLcûclàtcd 10 rll thc nodcs in thc ncxr lcvel(s) Neurâl
networks can be ùained to lnd correct answers (using â
'training data set ) or they cân lom by Lhcmselvcs hy
trying to find some pattern in the training dat. set

Revrewing neural networks, Boddy et 11/ (1998) con-
cllde lhat, while thrs apEoach has a huge potentlal for
idcntificrlior, it should no1 bc considered as a pânâcen
bccrusc oi 4 limitations ir the drta (if Lhcrc is no paL

rern q:rhin lhe dru ureJ lu rrlin rh( n(r$orl: ir JJnnul

be expected to discem onel), ii) lâck of surtable data sets

lbr ûaining (suitâble dâtâ âIe dâta rhat reflect the extent
ol individuâl vâriârtun). ând ii, Lhc ncccssity to cntÈr ftc
spccimcn vâlucs lor âll thc chàrâctcrs thâ( wcrc uscd to

However. the main drawbnck ol neùrâl networks is
thât it is not cleâr how they rcach their conclusions. ln
partrcular, the choice of the rumber of nodes m the ûnddle
lâyer is sclcctcd from hit ând miss cxpcrimcnts râ1hcr

lhnn trom dcsign princillcs ând hgic This 'blâck hox'
rspect nrâkes mo§t biologists wary of neural networks,
all the more so when they conside. the pefornancelevel
statedbypropo e tsof tlns approach: Boddy 

"ral 
(1998)

indicate l0-20ûl. wrong rejecrions ol lnown taxi As
neurâl nerworks ùc not âlwrys 1007, right, ând as their
lofdc is rot clc,rr 1() thc ùscr, thcy,rrc not the general
idcntilicâtion tod we are looking lor, porticularly when

Bq,e t rule and probttbilistic s)st.ns

Bayesiân systcms rc bascd on Brycs rule. which is â
mâthemrticâlwry «);dentiiy the species to which .l spec
nnen belongs The rule says that the probability of having
species x given the avarlable evrdence (charâcter data) is
eqùal to the probabiliry of observng the evidence if we
are rn fàct looking rl species x. times Lhe probability ol
observing spccics r in r srmple, dividcd by the probahil
ity ofobsefling üe evidence:

vol 20),2000

P(Species/Etitlcnce)

= P(Ëÿiten :e/Spe. ie r ) P(Spccics)/P(Etiltn,::t)

1tu, rule r.:ard ro bc 6â\i('r,, rll iJ.nrili,xri!,n Jp
proaches. F=or exùnple, many biologists arÈ reluctânt to
use probabilities ln species identificâtion, but â dctcnnin
istic .pproâch such as a ûchotornous key is in fàct using
BNyes rùle with âll probabilities equal to 1007..

Problenrs crop up when Bayes rule rs used, not as â
thcorctical lrrmcwork, but for doing practicâl rdennlica-
tions One ofthe stumbling blocks in lhe reâl world is the

delinitioû of the a pri"r, prob:rbility lbr observiDg a par
ticulâr spe.ies P(Specres) in Bayes rule Vr'âlker (scc

Appendix A in Fonuner 1993â), explâins ùâr 'itI hrve o
identily r nenrriode from California, the pflor probabililÿ
that it bebngs to a specres known ooly liorn Mnnchurix
is low' Prior probabilixes can be given whcn idcntilicâ
tn)ns are made in â well known envronment by experts
who haÿe âlre.dy done many idenfuhcatrons in this con
texi dnd who know \ÿhât to expect Ilowcvcr, rhc slud]
oi biodiversity requires a system âble lo recognisc â11 thc
species present in any enÿironmcnL, nrcludnrg biobpes
never studred before W:rlkcr indicates thlt 'if you do not
know prior probabilities, you sny Lhcy arc all eqù.|', but
rnuny biolotrsl' s rll conr(tu1 rhr rh(rr i\ n,, puinl in u.
ing for prdctical idenüfication x merhod Lhàt rclies on pre
oisely delined probabrllties ifit is impossiblc to give these
probâbilities and if ânificial vâlucs (âll priors equâl) are
u$ed In answer to Walker Pankhurst sâid thxt 'You .re
norgoing to get probability dârâ from most bidogists We
can'tgetit foryou ind wc don't needto, we can do betier
thàn thal We don't need rulcs, we.an't give you proba
biliùes, butwe cnn providedota matrices'(Appendix 

^ 
in

Fortuner, 1993)
After thrs bflef revicw ol the existing approaches to

computer identilicâtion ând the difficulties ihat are appâr-
ent to thosewho try to use thcnr. wc crn now lookat these
problerns and try to Eoposc wrys to resolve these dllTcul
ties. These problems crù be separatedinto twocategorics:
those that are linked to thc database and drose that relâtc
drecdy ro the idcnLificolion tools themselves-

Problems âssociated with computer idetrtifcation
and possible solutions

PROBLbMS LINKED TO THE DATABASIi

The major Eoblem is thal, so fâr, each database linkcd
to â particùlâr lool includes only a small subset oI charâc
ters rs selectcd by Lhe outhorofthe tool. Notonly does rhis
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linlt the ficcdom of ihe userlor sclecring rhe châracrers 1t)

bc used butit causcs duplication ofellort Even when rhe
Mmc âpproach is fbllowcd for several tools the âuthors of
the diftèrent Lools oiten select ùfièrenl sers of characiers
This mcûs thêt a sepnrâlc rnd ;ndependent dâtâbâsc must
be crcated for câch tool

ObvnNsly, these chnâctcr scts .re more diftbenr whcn
dilïerent idenlilicâtior approaches ffe uscd. and ever
more dilièrcnt wheD we cornpârc idenrifrcarion databâses
«) laxonon c datâbxses While irls rrue thâr ident;ficatior
châr,tcters and taxonomic characten should bc sclecred
occording to diflèrent criteria,lt remâins rhxr m,lny châr-
âctcrscanbe used in bolhcâses. Selec tion of â small châ.
âcter set for cach tool meâns thât scparâte databases musr
be crexlcd each time al grcâr cosr

A second problem is ûat the lormrl under which the
characreÿs ,rre recorded is fâr from uniform. tn fact. eâch
â(horis lree to crcllte his own tàrmat. For crâmlle, even
quanlitrLiÿc dâta can be recordcd in rnany ditrerenrwxys:
ns me surements wift or without stât1s tical pffâmeters, a§

approximate v.rlues, as fuzzy vxlrcs, or as coded clâsses
otdara (Table 4)

Mosl character formats do not §uppor metadarâ (dâtr
àbort the data) nor general statemenLs âbou11he data Ar
exarnple ol â gcneral stâtement would be: 'in a cylndroid
orgrD. the width in lrtcral viev/ is equâl ro rhe diâmeter
in cross section' Generâl stâiemcnrs and meradatâ arc
needed for embedûng expcrlise in rhe idenrilicârion rù, s,

which is the oûly way we can creâtc identification rools
that cân bc usedby nonlâxonomists

Most identification databâses ârc not kept up ro drre.
They are often creâtcd by one author or onc rean for a
specific project! rhen the authoror tcâm generally goes on
ro orh.r I,r,jetrs xnd hr\ nrirher lhe Ume nor rhc inrercn
in Lhe lnrge efibrt nceded to add new dcscriprions âs they

Table 4. Uarious ÿù!: to re. oùl the sntue chara.tzr: bod\ lenrth
oIu hlpotheli.oL nehluble spe.ies

1'OSSIBLtr SOLUTIONS'T'O DATAAAST PROBLEMS

For nematode biodivcrsity srudies. we need to be âble
to identify any nemaLode encountercd, which meâns ihàl
we need a dâtâbasc rhât holds rhc description of âll the
species descflbed in this biologicâl groùp Thrs dârâbâsc
must solve the dârâbase problems wcjùsr descnbed

This meâns thât.
. 'l'he charâcteÉ in the database mù§r nor be setecred
beforehand lnsteàd, all characters that havebeenusedand
descnbed tbr any pù.pose, be i1 taxonomy, rdenriii.ation
or jùst description. must be included.
. The chârJr r.r\ rnun b( u.Jbl. h) an) id(nrihcârn,npro
grâm, rlhich olcourse meâns rhai rhey musr bc refolmar-
tâble into fonnêis usable by rhe various progrnms This
meâns Lhà1 the general ùrtâbâse musr record the .hârac-
ters in Lheir mostbasic form. because ir is cisicr to creare
â complci chamcter liom basic dâtâ thân thc orher way
âround, cven if the la er wcre always possible
. Thc JJrabr.e must rn.luJe de\cfi ptrùn\,,l Jll rhe,pecrc\
in the group considercd These descriprioüs musr bc no1

only ât the species level (? 9., thc dNta found ln published
species descriptbns) butalso rt the popularion lcvel(e.g,
descnptions olother popxlâtions ofexrsting spccies) and
ur lhe \pecrmrn le\el rîctu:rl ilàrJ u.d b) ta\,,nornin,
for describing species ând populanons). I( is rrue rhar
taxonomists have the weird hahit of spendiDg â lor of
time and effons in galhenng dâta, and rhcn of thro.wlng
it all awâl after they hâÿe pùblished a summary accounr
of these dâtà (in the lorm of specres descr;prions), bur
tlns ûâdition must be chângedifwe ârc serious abour rhc
study ol biodiversity- To study divcrsiry, diversity must
bc recorded, and divcrsity exish Dor jusr betwecn one
spccics and the nexr, but al§o berwecn poputations oteach
spccies dnd between sFcimens ol cach populà(tun The
g.nerJldrtJba.e mu,r "ene â\ â Jeto\ ory tor \|e(rmen
dcscriptions, as lhis is the besr way ro âccount tor rhe
whole extent of spec;fic diversiry
. The databxsc must suppofl metadara ând genent stâtc
ments Thc only way to cope with rhc dcclining popula
tion olexperts is to capture their expcrtise and record ir in
thc dâtâb$e so rt cân be enbedded into the rdentification

. The dâtÂbase must he nÉnaged by a person or a Broup
ofpeNons specilically appointed ior this purpose.

IMpLEMENTATIoN oF THE cEN!R^L DATABAsE

Before â gencral databâse c be creârcd properly,
two questions must b€ answcrcd: i) $,har dâtr shoutd be

658 8:tO /lm

stundlrd dsiatioû :18 /zm
2-l (MLh clas 2 = 50ù750 /rm and

class l:75G1000 /rm)
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recordedl and ii) ùnder whât fornut sh(Nld the daLn bc

ln spite ofseveral drawbacks. thc only wây lo creâie a

general database is to use publisheddatâ (Dicdench 
"rdl,

I 999). These drâwbâcks are:
. Published dâtâ are only as relnble as the aùthorsoleàch
publicâtion but this is irue also ofnew data that would
be gathered for rhe puryosù ofcrcâting the database: even

1t it were possible lo gather new dâtâ ior the general

dàlàbâse, there is no guaJaniee that ir would be morc
rcliablc thrn.rl lcr( some of the publNhed dâta
. Each pùbli.ation includes vrlucs lbr only a smâllfiac-
tion of all possible chræters. typicâlly 50-80 characters

outofseveral thousand possible chârâctcrs (nemâtodes m-
clude aboxt 227 structures described by up to 20 propcr
ties), which meâns that there are many missing dâu in
publishcd dcscripûons It should be noie.d that it would
be impossiblc in prâcticc to record thousands of chdrac
ters ior cach of the 12000 or so species of nematodes.

AIso, missing charâcters lhat are needed for I particular
apptication cân âlways be recorded l.ter æd ddcd kr Lhc

dâ1âbâse This woold ensure rhat the character \ÿould no
longerbe missing the next time it is ne.eded.

. Thcre i\ n^ unilorm l'ormar rn publrshed descriprion..
hut it is possiblc b crcâte unitoûnity by refbrmatting the

The advantages ofusing published dâtâ are:

.ltrs an easyway ùo start a generaldatabÂse housing b.sic
descnptions lor the thousands of exisiing species More
dâtâ càn be âdded lâ1er bùr we cân stân with â complete
drt$ase (in the sense that it will includc âll thc dcscribed

. It is possible to exirâct, reto.mat, and store dâta mùch
fàsLer than ii would La}e to lind, process, meâsure, and
record châracters from new specmens. Using an extrac-
lion/lbrmâlriDg tool such âs Terminâtor (Diedench 

"t 
dl ,

1999), one species descripiion can be processed in less

than t hour (includlng 0 5 hour for puttirg the prifted de
scription inlo ân clc.tronic formât ând hâll ân hour 1or

the âc1ùâl dâLâ cxlrâclion), whereA it world take several
wccks to obta;n Nndproccss ncw spccimens

A gene rdl Jomar J'or the ddta

The dâtâ extrâclcd from published descriptions mustbe
put into a single format and this fom,rr mùsr bc â vcry
bcsi. one. ltu' cdn be done b] u'rns Jn uberd) e\rning
l-omât or â ncw iomât

vol 2( I ), 2000

For idendlicâtion, â 'descriptive lângùâge ibr tâxon

omy', or DELIA. has beer developed by Dalhvitz (1980)

ând it is used by mâny biologists, mâinly borânists Using
DEL:rA, any chÂrac ter can be coded in a unitàrm wâÿ For
example, in a Deltn code lbr Graminae, if chârâcLer num-
bcr 5 rcicrs to culms (whcLhcr woody or hcrbâccous) ând

stâte number I to 'woody and persistent', this character
will bc coded 5,1' fbr the genus Pftr.rs-ûr,r (Dallwitz,
1993) Thc mâjù problcm with DELIA is thât, whilc it
is ûue that the code itself is unitorm ând can be used by
generic idcntiÊcâùrn programs. nothing h$ bccn donc h)

entàrce udformiry in the characters represented by the

codes Anotherâùthorcould very wellhaÿe proposed stâte

1 tbr 'woody' and state 2 for 'persistent'. To suppof gen

eral sratements about thedata, itisnecessary that the char-

acters themselve§ âre uniform ln addition. DEIITA does

not support rnetadata (except as 'comments" which can-
not be eàsily expbited by applicaù)rs)-

ln conputer science, datâ is classically rcpresented
cntity âttribute vnluc This wâs uscd, e.S , by Lcbbc

(1991) to represent taxonomic characters. The decompo-
sition of trâd;lionâl chârâctcrs iDto thrcc bâsic compo
nents m.kes it theoreticâlly possible to suppod general

stâtements SLill, this decomposi tion âlone is not suliicicnr
to rssure uniiomity ol charàcrenj. For ex mple, Lebbe
(1991) decomposed ûe character 'number of teeth of the

pod' inlo ân entity 'pod' ând ân aftribute num

ber of tæth' This Âttribute' is in fact a mixture of an
entliy (teeth) atld a lrue aitribÙte (number)

Strict rules and guidelines âre necessary to create a

truly unilorm chârâctcr scr ând to mrke sùre thNr non

unifornities do not creep bâck into the datâbâse. DiedÈrich

"t dl tlanl\ propù.eJ ro lullus J {ritr dc(,,ml)o\ition
inlo orgàns, propcrtics rnd states or valùes Diederich
(1997) determined thaL xll morphologicrl .nNlomic l
properties wc hâvc cncountered to date belong to â small
set ofabout 20 basic propenies' that âre the sâmeforâ11
orgâns in dl ncmârodc spccies and in fact in any biologi-
cal species Other rules and guidelines are needed lor thc
detinition of â Iisr oistruclures, which includes the orgaN
and orean pafis arranged under râditionâl sys@ms

Thc tâsk of cxtâcting âùd reformatting the data from
published descriptions and redescnptions of âll ncmâ
todes species can be seen as daunting, bui Diederich eral
(1999) hâve demonsirâled prool oi coDccpt ft» .n elec
tronic tool rhât thcy dcsigned for that purpo§e The pro-
totype tested (called Terminâtor becâusc it works from
tcrms) wâs âblc to cxlrâct Dd reformât dre data in âbout
0.5 hoxr per description Currently, there ârc âbout 12000
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dcs.ribed specics of nemxLodcs plus a numbcr of re-
descriplions of known species thâr might doubte lhis ro
tâl Processing 24 000 descripûons woutd tâkc 12000 h,
which is âbour l2 person-yenrs. This is a significant
amountoTtimc. butitcân bc done in srages (focusing firsr
on ûe major group, ând ir can be enrrustcd to severâl

|crÿ,n\ uhoiJ( û,r nece!,dril\ f\Fnen.(d rd$,n.'rni\t\
(because thc finâl versioD oiTerminator would have em
bedded cxpenise thal can assist the opcrâbr) The end rc
sults would bc well worth the eÊfon, as rhc rcsuhing darâ-
base could be used by any iden.ilicâLion rool as wcl âs
purely taxononic tools

Thc database must also lnclüde mcr.dât i/ d,rx
âboùt the dâtâ (Diederich ?r da, 1989: Diederich & Mit
ton. l99l) and suppon relârionships berwecn drra ar the
e.tity, prcpert], ând state or vâluc levels. An exâmlle of
the use ofmctrdatars providcd by rhe endorsemcnt of the
dala cntered by thc user Any idenrificarion toot or rp
proach is only âs reliable as thc dât ir uses Thercftre.
the applicâlion must be âhle to eÿaluale (hc reliabilny ol
thc data Diederich and Fonùner (1996) hâve proposed an
endorsement iactor brsed on the vaiucs of a dozen typcs
of mctêdâtâ. Thc cndorsemenr Iâc1(» can be used, e.&,
to §elect those characters rhar are reliable cùough to be
trusted to eliminate câDdidare species (ùsing a key) or 10

weigh characters for rhe cornpùtxLion oia sinnhriLy coef
Êciert. Primary identiiicàlion characrers (Fonuner 1989)
are chàracters that âre easy to sec ()rgan \,ÿeli visihlc,
prcperty not ambiguous) and rhât Nre norvâriablc (orwith
well dclined variabilily) within the lâxon while mâling it
possible to diffcrentiate berwccn separate tâxâ. Visibilny,
ambiguity, va.iability are sorne ofthc dozen orso types of
meLxda ta proposcd hy Diederich eral (1989)_

Findlly, thc àlntinistrâdon ol ihe dârabasc must be en-
trusred to â person or ê team tbr which ihis would consti-
tuLc one of the primary dn(ies This rvould ensurc rhat the
drt base is pcrmâDendy kcpt ùp-to-dale The admnislrâ
ror uiiuld hâre ri, rnler eâch nru pubLsh(d dc\(riptron
This would rcpresent â l'cw hundred descriprions perlcrr
or about one person month of work The darabâsc could
also servc âs.r rcpository for indlvrd uâl spec irnen descrip
tions provided by ruthoff betbre publicâtion. Àlso, every
lim.' rhe drrdbâ\. i\ u\ed J,rrin: rn rdenrihcâri,,n .e-ron,
the ùser would have to enier the dcs.riprion of rhc speci
meDs to be identified These dâLàcân be sâvcd. v idâred.
then added to the list of dcscripiioîs Ar the momen(, â
mâjonry of nemâtode species hâve been described fronr
Lheir typc population only This is noL good enough ro
study biodiversiLy but a gencrildatabase would cenainty
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boost the quântity ofdatâ âvailable Thc darabase âdmin,
istrator wou ld have thc dùty to ensure rhe retiâbiliry of the
drLr with the âssisrance oi ân edirorial board composed
ofemine.t lâronolrllsts. Bccause ùe creatioD ol rhe driê-
base is sùch a hugejob ir will neÈd specialfunding, wlxch
rn(rn. rh.'e qrll br r.\ources i! ilihte ür kcrt up tô

A final poinr is thar thc d abase shoùld be avâilabte
onlme olcr the lntemct. wh ich wor'ld âssure agencrrtand
world wide dlstribution of knowledge

PRotrLtiMs LINKED to IDENTIFIc^TIoN TooLs

The diflicu ltics rhâ r hinder rhe devetopmcDt of compur
erised identificàtion will nor .ll be solÿcd by a gencral
databâsc. even if it is brsed on sound p.inciples As we
have sccn. r number of d i1T cultiÈs stem from lhc ideniifi-
câ(ion tools themsclves

The first md most signilicaDr drawba.k seen in âlt ex
rsting t(DIs is ihe làcL thar eâch tool relies on single
rpproach. be it clïninaüon (kcy9, compârison Gimilânty
coeflicienh). or other âpprorches such rs expert sysleüs,
neurâl nclwffks, or Bâyesiân systcms A rypicrt idenûfi
câ(ion session uses in facr sevcral approâches to reach n
,!,nclu\ron. lhc idenrrher hr\r u\e\ rn\t,,nl recopniri,in ro
select a group ofcandidares, which c n be anyrhing trom
r lanrly ôr . Jer ro r g nu' or e\cn rn r po:.ihte \|ecre\.
Thcn, if the group recognised on srghr nrctudes seÿcral
species, thc idcn tifier ehnin.res lhe spccies thâr ârc obvr-
ousiy direrenitrom Lhe specimcn Ii onty rcliab te charâc
ters (pnmart, rden{ificâtion chrâcters) arc used. chânces
ltrc that thts elirniration pro.ess wilt notendwirh âlingle
specres and the rernâiDing caDdidare§ musl bc lrccessed
lufiher usilg other rpproachcs- In theor). i1 is possiblc ro
usc several of rhe existing rxns during â parrlcülàr iden-
titcNtion, bùt rhcse tools ârc not compltible ânrl rhe data
would havc 10 be entered âgain eâch time (plus rhe pardâl
resulLs ohLained with onerool woutdnor be nvailablc wirh

Second, the approâches and n)ols used do lror depcnd
onl] ,'n lhe crcum,runce. or crch rdenrificruon *\jion.
Wc ha\e ,e.n rhrl .omr hinlo!i{: nrongt) rrjecl rn}
probabilistic tool whilcorhers aJgue thar Biycs, rule is rhe
only game iû town A generxl idenülicârion sysrem nrust
accornmodate the preferenccs of ail ùscrs, which me.rns
thrt no single âpproach should be ibrced onro â11 usc.s.

The most common âpprcach climrnarion also câ.
rics the greatest sk ofreaching a \,!,rong answer.In spite
ofspecilic improvemenrs rnade possible by coml,urerised



keys. ihis very poweriulmcLhod must be made more reli

Compfler rool' arc olren ren r' J^$rr rnd requrfln!
nore data ent y than corresponding paper ards For ex

âmple, Tardivel ândMorse (1998) compared a pflnted di
chotomous key io the computeriscd version of lhe same

key and lo a multiple entry key They lbund that both com
puter keys were slower than thc pâper key (because many
rnore choices had to be mâde belbre an answer coùld bc

reached) and ihat, while the multi âccess key was slightly
more rccurate than üe prinled key, thc othercornputerkey
wâs lhe least accrute of thc thrcc. Underÿandêbly, mosl
people are reluctani to spend morc lime reaching a less

SoLU IIoNs fo IDENTIFICATIoN TooL PROBLÈMS

{ geneml rden,rh.'rti,'n ")\rcm mu\r nol rely un J \in
gle appronch hur must help the rdentifier wilh âll pos

sible âpproaLhes by providing him \,!,ith a set oi lools
(Diederich & Milton. 1989, 1993) The user will thcn

he lrce rn \elefl lhc l^ul decmed mon rtprùfriJlr,,1
each step oian identili.rtion session (bui a guidancelool
should also be available upon rcquest to recommend a

course ol âcrion ro le* e\perienr.J u..ar 'lhe \arrou'
tools mustbe iûlegrated, in ihe sense thllt thc dâtâ ând rhe

resnlts tiom one tool must be âvailxblc with âll the other

The set of tools apprcach willsol!e the Eoblemcaused
by the reluctance ol some hnrlogisLs to use unlàmiliar
nEthods When all possible appR)âchcs lrle âvrilable,
each user will be free to select thosc liked besl Neural
netwo.ks. Bayesian systems, "r., will be included(ifand
whcù thc ncccssfy trâinins dah or pnois hâve beet ob
tàined), bùt other morc trrditrond âpproâches will àlso be

'1 he prohlcrns lirkcd ro the ùse ofunreliable dàtr, pâr

ticularly with non dcgüdâble approaches such âsdichok)
mous keys, cnn be s{rlvcd in two ways: fiIst, an evrlua
tion sysiem such as thc cndorsement làcior could be used

.o 
'elecl 

onl) reliJble (hJrrcl. r. lhrdegmdalron-.en\rli\e
lools. Second, tlle avÀ abi lity o l othcr âpproaches would
make it unnecessary io .ondnuc uslng a key when all re
hable châracters hâve beeD cxhâ sted.

The set of tools app.oâch xlso obviates the problem
linked to the large âmounl oi dâta requred by some sys

tems The experien.ed ùscr ol â printed key cân proceed

directly to the pùt ol the key lhat holds the likely an

swer On the contrâry, nrost compulerised keys do not oi
f'cr such short cuts. and the ùser must enter data that are
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nceded only to eliminate dre non relevant potions ol the
\fl,ii\fcrie! I .ing a rool rhâr,uppon5 rn\nfl re(orni
tion would Fovide electronic short cuts equivalent to the

prrcLicc oiexperh using a fàrniliar pflnted key
Thc concept of 'promorph' (Fortuner, 1989b) cân be

uscd 1() implement these short cuts A prornorph is a form
rh.rr rdn be recognr,ed il hr'r glance. belore oh'enrli,,n
ot delailed morphology The deliniiion ofpromorphs de

pends on the level ofexpetise oi the use. Whcrc thc gcn

eml public will see only a worm'. àny phDr nemaLolo

gisl cân recognlse a tylench' Gtylet-bearing nenratode),

ând an (rpen rx\onorni\l crn.ry lhrl lhe \pc(imcn i\.
. s , â 'helico' of even a member of the d/â)rr?rd' pro
morl,h Eâch pronorph is âssociated wlth a lisr of possible
species thât are quiie independentof taxonomical .onsid
crrtions For example, the promorph scuteUo inctùde§

nor only the species in the genus S.r/c/lor./"l?, but also
members of other genera that, at firstglance, may be con

tused wrth rhis genus, ? &, H?litotÿl (hus ÿulgdris (lot
lunet l99l)

THE Tools oF 
^ 

cI,NERAL I IltiNTl l,lcAl loN syslLM

lhe lir.r ru,'lJev. l,'p.,1 loru g. n,1rl iJ, nrifiru rn,n \).
tem mustbe an exporltool âble to exir c t selected chârac
lers tiorn the generâl dâtabase and reformat them so ihey
cÂn be ùsed by existirg identi6cation tools For exâmple,

a DELIIA fonnat expot functron would make it possible

to use the vârious DEIîA tools. Other expot functions
would make it possible to use the general dâtâbase wnh
vxrious mxonor ic tools This would ensure thâr thc im
plementation of . generêl identificaiion system would ûot
mcnB thât all lhe time ând eilort spcùl ovcr Lhc ycars in dc
vÈlopinBtools thÀt âll hÀvc somcùsc, Àlbcit linritcd. halc

Also, rhis would assure thar the general ideniilicatlon
system is ât lcâsr âs good âs thebcsL âvailâble independent
tool- Il r powertul ne\À, method is ever publisbed, betler
in s()ne $pccr thân â11 cxisting tools ol thc gcncrâl
idenLiiicâtion systcm. â ncw cxpoa lunction would mâkc
it possihle «) ùsc thc gencritlditlâhàse with this ncw tool

Including ân export tool in the geneflrl identiiicâtion
systcm woùld give âccess lo âll (he âpproâches thâl hrve
bccn used in the pasl lbr identiiicàtion and tâxonomy, but
il would not solve nll the problems we l§ted. For thN.
wc would need new tools ànd new tunctions, specilically
designcd ând built lirr (his puposc



For exâmple. a tool based on instanr rccognidon coùld
be u,ed r,, narrou rhr li..lJ,,t (andidJre.peci.\ r,, r
parlicular promorph II the user is an expcfl in rhe field.
this promorph can be dcfined at the lowest levcl, eÿen a

pârticul.r species. This would cutdown tremendoùsly the
amount of data ertry nceded and it would mâkc sure rhat
o ly rclevant dâtâ 1s required lroln the user (in lncL, this
could bc ùsed to enhnncc ûe existiûg tools: if ân cxpeft
c]âins to rccognise species x, it can be assumed thât thc
primâry identificailon chârxctcrs oi species x are in facr
prescnt in the specimen, and Àn export tool could enrer
these châ.acterc in, sây, Pankhursr's PANKEY âs iI rhey
werc characters enercd by the user)

The set of tools should implement somc âpproaches
lhat nced veryhttle inpuL from rhe u§er (burinput inrcnsi
ve xppronches must bc âvailêble as well, ifnccdcd) For
exâmple graphical idcnlilic ion, browsing textuâl and
gaphicâl descriptions, ând instant recogniùon should bc

An climination tool using â mtrlri enrry key or exper
system âpproach is a very powedul way to eliminatc
all lhr \tecie\ ob!rou.l\ Jitrerenr tronr rhe.pecim.n. r\
long as it is used wrth pnmrry identification châncrcrs
only A ncw elinim[on tool could be bunt bâsed on rhe
endorsement fâctor we dcscribed earlier This could be
used to selcct r neÿofspecics. which is a group ofspc.ies
that shaE ihe samc sct oT pri mary idènri CrcàLion chùâcièis
(Fotuner I989b)

Aner elrminrrun oI the obt i^u.l) irreleranl.pecre.. d

complrnson tod could rânk thc rcmaining specres accord
ing to their sinnlaritl with ihe specimen, âs me6ured by
vârtuùs silrxlanty coefficients Wirh â browsing rool the
uscr could look ât the actual descnptions (by rexr or im
:tges) of the top-rânked species. Finâlly. â diâgnostic rool
could verify thâi â11 rhe key chnâcLers for dre selecred
species â.e presenl wiLh the correct stntc or value in rhe

Elery identification scssion is differenl. An expen mây
recognise .r species â1 firsr glênce and go di.ecdy ro the
diâgnostic tool to verily rhat his hunch was righr A( rhc
opposiE end, a beginner nay hâve no idcâ where to srârt
and âsk the help of thc gùidance tool This tool would op-
erate in the bdckground ând keep track ot the hisrory of
each idcDtificâtion sesshn Based on the po;nt reached by
the ùscr. itwould Fopose the mosrlogicalDext srep uÿng
one ol the avârlable compurer tools or dirccLing the user
to ân alternative mcrhod such âs molccùlar identiticadon
for the few specics where identilicnLion markers have becn

2il

developed This tool would probably inclüdc expe( sys-
tem mlcs and heurisiics. However rhe uscr mùÿ alwâys
bc in charge and must have tull lreedom for the selec
lion ol rhr ru,l,. rh( dir.r r,, enrer. thc (dnJiJzre \pecre.
lo considcr. the ttueshold vxlùes, and all rhc orher aspecLs
ofideùdfication At the sâmc tirne. the userwotrld alsobe
able to câllthe guidance tool iorfielp, ifso dcsired

Obviously, the data and rhc palial resu lrs obrâined with
one tool woùld be nvd able wilh the orher rook, xs rhey
would all be inLegrated \rlthin x single system.

Conclusion

WiI the Genisys concepts ând rools be sulticienl «)
make generâl prâctitioners in biohgy use electronic idcn
tilicationl Only rhùir implemenhrtun can answer rhis
quc\rion. bur ue beli,\. rhal necesir\ r xU.ed by rncreâ\
ing prcblems in m.rnâging biodiveBity studies will dic
Lâtc that scientists use the best tools possible or fall bc
hind There is somctinres â lag bctween the avâilâbil;ty
of a method and ils widesEeâd use, bur we bclicve that
pressing problems willyield no choice.

li should be nored thar a Ccnisys ser of tools woutd
include all avâilâhlc êpproaches ànd rhis should hclp
even an expcrr identifier do bener This âlone should
cnsure a widèr usàsc Non expert users may be rlùcrâRr
at first to rrusl themselves lo do identilicârions. bùt rhe

disâppcâr.nce of taxonomists in mant lxborarories w l
lorce them to tâle Lhe plunge. lr is hoped thar rhey wil
find thc guidnnce tool Iriendly and hclptul and rhâr rhcy
will obtain conectrcsùlts.

Il the biodiversity oi nemarodes is ro be studied. ne
màtode identilicâtions will have to be perfbmed on a
Iârge scale, but trâditional rdenûficrs (nemarodc uxoDo-
mists) will not be avâilablefbr rhis dury Exrsring priùted,
molccùlar, and computerised ûen ri ficàtion aids cânnot b€
lrusled to non-taxonomisis for idcnriÂcation of âlt of the
specimcn§ collected. Only a generâl identiticarior sysrem
such âs the one outlined here cân solve rhrs problen
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