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ABSTRACT

The extinction of conodontsat the end of Triassictimes is studied.
Thepossibilityof randomextinetionis considered.Extinctionandorigin-
ation rate averagesfor lineagesof the Phanerozoicmarine invertebrates
are not coherentwith the dynamics of this group. Their extinction rate
diminishedsincethe LowerTriassicto the UpperTriassic,but the lineage
origination rate diminishedsincethe Ladinianaswell, andthe cladehad
negativegrowth rate, and the probability of extinction was high. Diffuse
competitionwith betteranimal designsbelongingto PaleozoicandMod-
ern evolutionary faunasand, in a more secondaryway, a decreaseof
availablemarineareasandspreadingof environmentswith abnormalSa-
linity in the WesternTethysarepointedout as possiblecausesof theirex-
tinction.

Key words: Conodonts,Triassic, Extinction, Internalism, Environ-
mentalism.

RESUMEN

Se estudiala extincióndc los conodontosal final del Triásico.Se in-
vestigala posibilidadde extinciónpor simple azar. Las tasasmediasde
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originacióny extinciónde linajes de invertebradosmarinosfanerozoicos
no son consistentescon la dinámicade estegrupo. Su tasade extinción
disminuyódel TriasInferior al Superior,pero la tasade originaciónde li-
najestambiénlo hizo desdeel Ladiniense,y el dadomantuvotasade cre-
cimientonegativa,conla consiguientealtaprobabilidadde extinción.Las
posiblescausasque se proponenparasu extinciónson la competencia
difusacon mejoresdiseñosanimalespertenecientesa las faunasevoluti-
vaspaleozoicay modernay, de unamaneramássecundaria,un decreci-
miento de las áreasmarinasaprovechablesy la apariciónde ambientes
consalinidadanormalen elThethysoccidental.

Palabrasclave: Conodontos,Triásico,Extinción, Internalismo,Am-
bientalismo.

INTRODUCTION

Extinctions havebeentold to be importantevents in the history of
life. Their negativecontributionis reflectedin the elimination of many
taxaand in evolution-theycanundo largetrendsor otherevolutionaryis-
sues(Gould,1985). Onthe positiveside,theypreparetheglobal biota for
newevolutionaryexperiments(cf DeRenzi, 1988).

Mass extinctions are generally thoughtas the result of externalim-
pactsagainstthe biosphere(e.g. falí of largemeteoritesor internal activity
of the Earth, such as vulcanismon a largescale).But the biospherehasa
specificaldynamicsinvolving severalorganiclevelsandtheir interactions.
An exampleis the kinetic model for changingdiversityacrossthe Fha-
nerozoicmarinerecord(Sepkoskí,1978, 1979,1984).Threeevoutionary
marinefaunas(Sepkoski,1981)areconsidered:TheCambrianfauna,the
Paleozoicfauna and the Modern fauna.Their interplay causesthe de-
cadenceof theCambrianandPaleozoicfaunasandthe solitary expansion
of theModern faunasincethe Permo-Triassicboundary.When newdata
havebeen available, macroevolutionarypatternsseemto remain (Sep-
koski, 1993).

Conodontsare componentsof both Cambrianand Paleozoicevol-
utionaryfaunas.Theybelongto a long-livedgroup,but their contribution
to thesefaunasis not relevant(Sepkoski,1981).The Permianextinetion
did not affect them (Clark, 1987a).A revival for thegroup took placeat
the Early Triassic, but they finish their geologicalexistencein a piece-
meal fashion during the Rhaetianafter a declining situation. Only two
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Fig. 1.—Riquezade géneros(basadosen elementosdiscretos)para los conodontosa travésde
su rangogeológicocompleto(deClark, 1987b).El númerodegénerosaparecidosencadaépo-
ca (línea continua)sccomparacon el númerototal de génerosextinguidosduranteel mismo
período(líneadepuntos).
Fig. 1 —Cienera(basedon discreteelements)riehnessfor conodontsin their completegeologi-
cal range (from Clark, 1 987b). Numberof generaappearedin each period(solid line) com-
paredwith total numberexhinctduringthesanieperiod(dasbedline).

speciesremainedand they disappearedin two different momentsof the
Rhaetiantimes

Their extinction posesseveral problems and some approachesto
them are found in two seminalpapersof Clark (1987a)and Aldridge
(1988). Wasit a Galtonianextinction with thenormal extinction andspe-
ciation ratesof marinePhanerozoicinvertebratespecies?Triassic cono-
donts form a small group of species,and origination and extinetion pat-
ternscan be tracedduring the period.This can shedsomelight on these
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questions,but the natureof the Triassicfossil record mustbe takeninto
accountas well. Since importantpunctualextinctionscan be maskedin a
patternof backgroundextinction,polycohortanalysisbecomesa clue in
evidencingtheseepisodic situations.The extinction of the clade in the
World at the end of the Triassictimes will be consideredunder these
premisesin this paper.

SOME GENERAL REMARKS QN CONODONTA

Conodontsare animals of uncertainaffinities representedby tiny
skeletalelementspreservedin the geologicalrecord sincethe Cambrian
times until the end of the Triassic;conodontelementscan be found in
natural assemblages,clustersor reconstructedas apparatuses.Theseco-
nodontelementsare composedby francolite,a carbonateapatite(Clark,
1 987b). Sincetheyareoriginally phosphaticpieces,theycanbe preserved
casier than other skeletal parts and therefore,conodont elemcntscan
«survive» to díagenesisand metamorphismwhereas other comnion
groups cannot. They appearin a variety of sedimentarymaterialsde-
positedin a wide rangeof marineconditions.There is no generalagree-
mentabouttheir taxonomicalposition. In orderto avoid discussions,we
refer to them as Clade Conodonta.They are classsified in terms of
speciesgroupedin highertaxonomic categories;thesespeciesare recog-
nizedon the morphologicalbasis(morphospecies).Qn the otherhand,by
the reasonsgiven by Raup (1985),weprefer to talk aboutlineagesrather
thari species,andahoutlineageoriginationrateinsteadof speciationrate.
When origination is used for other taxonomiccategories,it will be mdi-
cated.

Froma historicalpoint of view, theyshowa cyclical decliningpattern
of genericdiversity parallel to genericextinetion with severaldecreasing
peaks,as shownby Clark (198%). A relative revival occurredduring the
Triassic times, but the generic richnessdid not reach the level of the
UpperMississipianmaximum(Fig. 1).

PROBLEMSRELATED TO THIS STUDY

Analysisof patternsof extinction andorigination requirespreviously
the considerationof taphonomicalbiaseswhich could hide paleobiologi-
cal aspects.Differential preservationplays an importantrole in interpre-
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ting a historical record (De Renzi, 1992). Due to their mineralogy,the
elementsof the CladeConodontaare exceptionallypreservedin many
fossilizationconditions.Thus,its recordis notbiasedby differentialpres-
ervation(cf. Aldridge & Smith, 1993).

An importantbiascomesfrom the age of rocks(Raup,1972;Raup&
Stanley,1978).Becauserock outcropareadecreaseswith geologicalage,
the fossil record becomesgradually rarefiedandthis characterhasto be
consideredwhen evolutionaryratesin veryoíd initial recordsof a clade
are studied(De Renzi, 1992). Lineage numbersare very biasedby this
trait of the fossil record;but this trouble is not so muchimportantwhen
researchis focused on numbersof supraspecifiecategoriesas genera,
families or orders(Raup& Stanley,1978; Sepkoski,1978).Sincecono-
dontsare distributedbetweenthe Cambrianand the endof the Triassic,
theseremarksmust be considered.Budurovand Sudar(here) havear-
rangedthe amountof conodontTriassic species—lineages—(107) in the
World accordingto their stratigraphicaldistribution and their order of
appearance;theyaregroupedin 26 genera(17 arebasedon platformele-
mentsand 9 are defined on blade-likeelements)(Budurov & Stefanov,
1972; Budurov, 1980; Budurov & Sudar, 1990; Budurov & Trifonova,
1994,andBudurov & Sudar,in press).Although the lineagelevel is the
most affected by rarefaction,lineagenumbersfor epochsof the same
Periodareaffectedby the samebiasandit is valid to work with them.

Conodontfossils presenta widespreaddistribution reflecting thatof
oíd species,and theyrangefrom pelagicto benthicorganisms.Excluding
somekinds of environments(extremely shallow waters,representedby
stromatolitic facies; hypersalincconditions, brackish waters and very
deepbasinalbottomsas representedby their sediments),fossils of cono-
donts are very frequent in normal marine conditions (Clark, 1987b).
After the Permian,the ratio continental/marinesedimentswas high. A
more open marine characteris only developedin certain areasof the
world. Therefore, the observedstrong decreasein invertebratespecies
richnessduring the Triassic could not only be producedby the Permo-
Triassicextinction but by the dynamicalevolution of the Earth crustas
well (Marquez-Aliaga& De Renzi, 1990). Restrictedconditions and
deep-seabasinscould affect conodontlineagerichnessin that time. Thus,
the Triassicrecord of this group might partly be explainedby environ-
mentalcontrols.

Another questionto be consideredis the characterof the conodont
skeletal parts.Discrete skeletal elementsgeneratea taxonomy that has
producedgood resultsfor stratigraphicalpurposes(Utilitarian classifica-
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tion; Aldridge & Smith, 1993).A morenaturaltaxonomicalapproachcan
be obtainedfrom reconstructionof apparatuses;multi-elementassemb-
lageshavebeenfound,but a conodontanimal could havemorethanone
apparatus(seealso Clark, 1 987b). However, our study is basedon dis-
creteelementsonly.

METHODS

Threeapproachesaredevelopedhere: 1) probabilistieanalysisof ex-
tinction; 2) estimatesof extinction and origination rates,and 3) polyco-
hort analysis.AII theseproceduresare applied to the stratigraphicaldis-
tribution of the 107 lineages.Absoluteagesfor TriassicStageshavebeen
takenfrom Harland et al. (1990). Minor divisions (ammoniteor cono-
dontzonations)are intercalatedbetweenwell datedtime points, but ab-
soluteagesfor theseintervalsareunknown (seebelow).

The possibility for Galtonianextinction of a cladeis analyzedaccord-
ing with theproceduresdescribedby Raup (1981, 1985).Cladal branch-
ing canbe subjectedto constantratesfor originationandextinction (time-
homogeneousmodel).Let be X the origination rate and ~t the extinction
rate.WhenXis different from ~t,theformulaappliedis

(/is time andn is thenumberof lineagesatthe beginningof theinterval).
Extinctionandoriginationratesare really probabilities.Becauseof alí

the reasonsgiven aboyeaboutthe Triassicrecord of conodonts,our esti-
mateswill be very crude images of the real situations.Both ratesare
measuredin temporal intervalslimited by two absoluteages;e.g.Griesba-
chian. Accordingto populationecology,extinction andorigination rates
areanalogousin structuretu birthandmortality rates.For a giventempo-
ral interval At, birth (ororigination) rate X=1/N (S/At); N is the number
of individuals (lineages)at the beginningof the interval (thoseentering
the interval andcoming from the precedentone) and 5 is the numberof
births (origination events)producedduring the interval. Death (extine-
tion) rate hasa similar definition: g=1/N (E/át), whereE is the number
of individuals that died (extinct lineages)during the interval. The growth
rateis definedas R=X-k (seeSepkoski,1978).

Polycohortanalysiswas developedby Raup (1978), althoughthere
areothereonsiderationson this procedurein Hoffman& Kitchell (1984)
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Fig. 2.—Riqueza enlinajes deconodontosduranteel Triásico.La riquezaseda enel puntome-
dio de cada piso como su número total de linajes. Or, Oriesbaquiense.Nml, Namnialiense.
Spth, Spathiense.An, Anisiense.Ld, Ladiniense.Cm, Carniense.Nor, Noriense.Rh, Retiense.
Fig. 2—Conodontlineagerichnessduring (he Triassic.Richnessis given at themiddle point of
eacb stage as its total numberof lineages.Gr, Griesbachian.NmI, Nammalian. Spth, Spathian.
An, Anisian.Ld, Ladinian.Cmii, Carnian.Nor, Norian. Rh, Rhaetian.

andRaup (1987). In our paper,we usethe pseudo-polycohortapproach
(Hoffman & Kitchell, 1984),by usingalí taxa in eachtime interval.Rauj~
(1978) outlinesthe essentialtechniqueas follows: membersof eachco-
hort becameextinctor survivein consecutivetime intervals; thus, a taixo-
nomic survivorshipcurve can be tracedfrom thesedata.This curve may
be drawn by regressionanalysisor it may be approachedby connecting
the points for survivorshipby straight-linesegments.A linear regression
can result in illusive examplesof Van Valen’s law; i.e. the extinction rate
is constantduring time (seeRaup, 1987). The secondprocedurepro-
posedby Raup shows inflections in the slope of segments.They reflect
changein the extinction probability as causedby environmentalchange
or somethingrelated to the internal aspectsof the pattern mortality.
Whensuccessivecohortsexhibit inflectionsthatcoincideat the sametime
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point, this indicatesthat an externalevent has troubled ah the cohorts
crossingthatpoint.

In our case,absolutetime markersare not evenly distributedalong
the Triassicdurationandnarrowersubdivisions(biozones)arenot dated.
However,thesesubdivisionsarenot evenlydistributed in the wholedura-
tion of eachstage.Then, absolutetime for them may be consideredap-
proximately proportional to the extension of each subdivision in the
whole stage.By this reason,a qualitativeapproachmay only be carried
out.

Tabla 1.- Probabilidadesde extincióngoltoniana1) con los promediosdeX y L’ propios de los
invertebradosmarinosfanerozoicos(primerafila), y 2) paravaloresdet’ creciendocon peque-
nosIncrementos(filas 2 a6): Los valoresaltosdeprobabilidadestánsubrayados.
Tuble 1.- Probabilities for Caltonianextinetion 1) with averagesbr X and ti of themarineFha-
nerosoieinvertebrates(fi rs! row), and2) for valuesof ~t i ncreasing b’v small steps(rí.w 2 to row
6): High probabilityvaluesareunderlined.

RESULTS

Generalconsiderañons.—Aglanceatthe raw datashowsactimaxof Ii-
neage(specific) richnessin the Anisian andthe Ladinianfollowed by an
irregular decreaseuntil final extinction in the Rhaetian(Fig. 2). Fromthe
end of Permianuntil the Ladinian,the lineagerichnesswas growingwith
a small decreasein the Spathian.Let verify wheterthe Rhaetianend of
the cladewas a Galtonianextinetion when the startingpoint is the early
Ladinian richness(the largestrichnessassociatedto a well datedpoint;
18 lineages).Using 0.09 for lineageorigination rate average in marine
Phanerozoicinvertebrates,and 0.095 as mean extinction rate (Raup,
1981), the probability for Galtonian extiuction given by formula (1) is

X R

0.09 0.095 -0.005 0.008

0.09 0.1 -0.01 0.014

0.09 0.15 -0.06 0.29

0.09 0.2 -GAl 0.73

0.09 0.25 -0.16 0.93

0.09 0.3 -0.21 0.98
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0.008,a relatively low value.By increasingin smallstepsthe extinetion
rate, the eventis possiblewith a moderateto high probability (seeta-
ble 1).

However, taking into accountdic considerationabout the absolute
durationof the Triassicbiozonesmadeaboye,agrossomodoassessment
for meanduration of conodontlineagesmay be carriedout during the
Lower, Middle andUpper Triassic. Thesevaluesdiffer very much be-
causethe threeepochsareverydifferent in durationandhence,theirbio-
zonesas well. For thc Lower Trias, the biozonedurationaverageis smal-
ler than 1 My, andabout1 My for the Middle Triassic.However, for the
Upper Triassic,biozonesperhapsrangebetween1 and2 My. Therefore,
sincemanyconodontlineagesembracemorethantwo biozones,difieren-
cesin meanlineagedurationareexpectedaccordingto their stratigraphi-
cal position. Then, lineagemeandurationfor conodontsincreasesfrom
the Lowerto the UpperTríassíc.

AGE
MEAN EXTINCT. 0~1G. RATE

DURATION RATE
(Mr’)

(MV> (Mr’>

Lower Trias

Middle Trias

Upper Trías

—0.5 —2 —1.9

—I —1 —1.4

—5.5 —0.2 —0.1

Tabla 2.- Valoresaproximadosdeduraciónmediade las especiesde conodontosparalas tres
épocasdc los tiempostriásicos;las (asasdeextinción estáncalculadascomoinversasdelasdu-
racíí’nesmedias (ver el Lexto). Las tasasde especiaciónestán calculadassegúnel procedi-
mientodeStanley (1975,1979)(ver el texto).
Table 2.- Approxim-atevaluesof meandurationof conodontspeciesfor thethreeEpocbsof tbe
Triassictimes;extinct,onratesarecaleulatedastheinverseof meandurations(seetext):Speci-
ation ratosarecalculatedaccordingto Stanley(1975,1979)(seetext).

From the studyof the extinction rate ~t, which canbe estimatedfrom
the meandurationDas 1/U (Stanley,1975,1979),resultsthat theextinc-
tion ratedecreasesfrom the Lower to the UpperTriassic (table 2). Orig-
ination rates are calculatedby assumingconstantgrowth rate (Stanley,
1975,1979),althoughthis approachis consideredvery crude(seebelow
-a detailed analysis of origination and extinction rates, and taiMe 3- and
Discussion). Therefore, R=l/T ln(NT /N<>); NT and N

0 are the number of
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lineagesat the beginningandat the endof the interval T. Since X~R-4-1í,
calculation is possible. From this viewpoint, origination rates show a pro-
gressive decline, from relatively high values (Lower and Middle Triassic)
to a 10w value (Upper Triassic) (table 2).

This shows variabte rates for diversificationof the Clade Conodonta
in time (time-inhomogcneous model). There are 8 lineages at the begin-
ning of the Carnian, and the Early Carnian-Late Rhaetian interval dura-
tion equals 27 My. Consequently, the extinction and origination rates for
the Upper Triassic predict that Galtonian extinction would be a very
probably evení at thai time (P0=0.7 5).

Detailedanaiysisoforigination and extinetionofConodontaduring tite
Triassic.- This analysis is carriedout for eachStagewhoseabsolutedura-
tion is well known; results are presented in taiMe 3. High values (>1) of
origination (X) and extinction fi) rates are observed from the Nammalian
to the Anisian. Since the origination rate is usually larger than the extinc-
tion rate for this interval, the growth rate is positive. except during the
Spathian Stage, with lower values for both rates and negative growth rate.
Re hrgest values for both origination tate and growth tate are reached in
the Anisian, in which the richness is extremely large and prepares the lar-
gest richness br the Ladinian. From the Ladinian to the end of the

STAGE N 5 E At X R

Gr 5 2 6 1.6 0.25 075 -0.5

Nml 1 21 17 1.5 14 11.33 2.67

Spth 5 10 14 0.8 2.5 3.5 -1.0

1 31 14 1.6 19.38 8.75 10.63

Ld 18 20 32 4.5 0.25 0.4 —0.15

Orn 6 7 8 JI.. 6 0.10 0.11 -0.01

Nor 6 11 14 13.9 0.13 0.17 -0.04

2 0 2 1.5 0 0.67 —0.67

Tabla3.- Valoresdelas tasasdeespeciación,extincióny crecimientoparacadapiso delTriási-
co. Lossímbolos,comoenel texto.Gr Griesbaquiense;Nm Nammahense;Spth= Spathien-
se;An = Anisiense;Ld = Ladiniense;Cro Carniense;Nor Noriense;Rh Retiense.
Table 3.- Valuesof speciation,extiíiclion aí,d growth rate for caeSTriassic.stagc.Syrnbolsas iít

tez!. Gr = Griesbachian;Nm = Nanimalian;Sptb Spathian;An = Aoisian;íd = Ladinian:Cm
— Camino; Nor Norian;Rh = Rbaetian.
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Rhaetian,origination and extinetion ratesdecreasestrongly (<1), being
extinction always larger; thus, the growth rate Ls negative. These data
make up a more refincd approach to thc inhomogeneous character of co-
nodontdiversification.

Polycolzort analysis.—Limitsof biozones are starting points for co-
horts. Ammonoids and conodonts cstablish 41 limits from the Permo-
Triassic boundary to Ihe Rhaetian base. There are, thereforc, 41 cohorts
for conodonts.This analysissbowssorneprincipal momentsfor import-
antamounlsin extinction (Fig 3). Many cohortsdiminishthe percentage
of survivors al the Ladinian-Carnian limit (baseof Prankitessutiterlandí
zone; this has a precedent with a critical point in the poseidonzone)and
many others became extinct during the Trachycerasaonoideszone. The
Mojs-isovicsiteskerri zone (its base is the Carnian-Norian limit) and the
Cochiocerassuessizone are also terminal points for several cohorts. Only
two cohorts reach the Rhaetian and the praclical extinction of the clade
could be placed at the Cochlo<erassuessizone. Cohorts during the Lower
Triassic Lave short live compared with those of Middle and Upper Trias-
sic.

DISCUSSION

A conodont taxonomy can be based on discrete elements or/and ap-
paratuses. In this paper, we are constrained to work with discrete ele-
menís because apparatuses of Triassicconodontsarenot availableatthis
stage of rescarch, although this would be -a more natural approach. How-
ever, some possible causes for extinction can be supplied.

First, we are going to discuss our results with reference to those
reached by Clark (1987a). Absolute ages surveyed by Harland et al.
(1990) are more refined than the previousones.Clark could only calcu-
late rates for the whole Scythian but not for its substages (Griesbachian,
Nammalian and Spathian). Qn the other hand, the oid estimate for the
Middle Triassic was 1<) My, whereas the new estimate is 6.1 My. Diversity
reductions and expansions during the Lower Triassic are explained in

funetion of negative and positive growth rates and large oscillations of
both origination and extinction rates (see table 3). Ihe Nammalian was
the interval of maximum diversification (2.67), although the extinclion
rate reached ILe highest value of the whole Period (11.33). Qn the other
hand, the Middlc Triassic has a very expansive phase during the Anisian
(thc highest origination rate, 19.38, and the highest growth rate, 10.63).
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However, the decline of the group begins in the Ladinian (negative
growth rate) andnot in theUpperTriassic,which follows the samepat-
ternof theLadinian,with smallerandsmalleroriginationrates.

A discussionabout the deviationsof estimatesaccordingto Stanley
(1975, 1979) proceduresis needed.Lineagesare evenly distributeddur-
ing the Upper Triassic. Qn the other hand, growth rates are relatively
similarduring theUpperTriassicbecauseX and ~i.vary veryslightly (table
3) and this is the condition for a time homogeneousmodel. Therefore,
the extinction and origination rates inferred from mean duration are fairly
closeto the averageof thatobtainedwith the formulaegiven by Sepkoski
(1978>andusedaboye.Differencesare strikingfor tLe two kindsof esti-
matesin the Lower andMiddle Trias, dueto the inhomogeneouscharac-
terof bothEpochs(seetaLle3).

Polycohort analysis shows that crisis during the Lower Triassic are
minimal. During the Lower Triassic, survivorship unes do not seem to ex-
hibit simultaneous inflections reflecting external deletereous factors, and
they show a more constant extinetion probability pattern (van Valen
model) than an episodic one for this epoch. Only at the end of the Spa-
thian is possible to see the sharp declining of three cohorts (Fig. 3). Thus,
high extinction rates are perhaps not related to critical events during this
time. Clark (1987a) asked about a possible conodont extinction concen-
trated in a specific moment of the Scythian times, that the crudeness of
the temporal scale did not make possible to infer. Polycohort analysis
does not seem to show any special time for extinction during the Scythian.
The raw data disíribution exhibits a piece-meal extinetion for th¡s inter-
val. However, episodic alternation between no extinetion and more or
less pronounced extinction characterizes the Middle Triassic, and also
the Upper Triassic, but in a minor degree. Several critical momentshave
Leen detected for these two Epochs (see fig. 3).

Explanations for conodont extinction can be internalist or environ-
mentalist. An internalist explanation could be as follows: They declined
through the Upper Triassic after a clímax in the Ladinian; a possible cau-
sal factor could be that they competed disadvantageously with other bet-
ter fitted animal designs. Their Triassic revival could be related to the
Permo-Triassic extinetion affecting more stenotopic Permian competitors
versus the better capability of the remaining conodonts to evade extinc-
tion, Lecause of their more eurytopic character and widespread distribu-
tion. This could be supported by the assertion that conodonts were very
little affected Ly the Permo-Triassic extinction related to other groups
(Sweet in Clark, 1 987a). However, a problem arises when the lineage
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durationis considered.The meanlineagedurationincreasesconsiderably
in the Upper Triassic. Large duration of lineages is not the best condition
for a gradually decrease of diversity leadingtowardsextinction.Hut orig-
ination ratesdiminish as well, and they are lower than extinction rates.
Extinction becomespossiblebecausegrowth rate is negativesince the
Ladinian times. This is neatlyan internalistcausefor extinction.

Let analyze the problemfrom an environmentalpoint of view. The
paleogeography of Triassic times is changing from the Permo-Triassic
limit until the end of the Period in the Mediterranean region. Lower
Triassic sediments were deposited in non-marine conditions for large ex-
tensions in this area, due to an inherited Upper Permian paleogeography
of the Tethys; in the Middle Triassic, this region was invaded by the sea,
and a regression took place on broad extensions in the same zone during
the Upper Triassic (Middle Carnian; see Hirsch, 1986).

The conodont evolution depended on the ecological requirements of
this group. The range of favorable environments for conodonts was en-
larged when new areas were invadedby the sea.Thistook placesincethe
Middle Triassic, when the sea entered the Mediterranean region and the
World underwent a major provincialization (Yin, 1991). This is accord-
íng with Clark (1987a), who considered the Permianas an anomalously
low interval of diversification. Therefore, the progressivetransgression
was the cause of the rising of origination rates. When the regression took
place in broad zones in the region during the Upper Triassic, the distribu-
tion of available biotopes for conodonts was reduced again. There is no
indication of provincialism in this time. The climax in the Middle Triassic
and the declining during the Uppcr Triassic seem coherent with the
changing paleogeography. Furthermore, conodonts are related to fossils
of stenohaline organisms (see aboye). Hallam & El Shaarawy (1982) re-
marked a salinity reduction of 4w end-Triassic sea caiísed by a transgres-
síon of a shallow epicontinental sea from the Alpine region into north-
western Europe during the Rhaetian. Diminution in lineage richness for
Livalves, foraminifers and ostracodes, and disappearance of síenohaline
elements, such as ammonoids are the evidencesfor this inference.A re-
cent review by Fiirsich (1993) remarksthatthe samegroupsof organisms
can live associated to abnormal salinity (from hypersaline to Lrackish wa-
ters) because they YCphyS!O1O3 ~P~t’9’2~ tsxtt> y~g~es,and
their populationalanswersaresimilar. Under this light, and sincespeci-
ation dependson a geographicalground,the reduction in conodontIi-
neage richness since the early Upper Triassic could be related to two
main factorsaffecting to WesternTethysas an importantregion: 1) age-
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neral reductionof marineareasduring theUpperTriassic;2) an abnor-
mal salinity during the Rhaetian.However, the relative importanceof
paleogeographical changes during the Upper Triassic of the World can-
not be assessed in the actual state of knowledge.

Let return to the internalist viewpoint: Conodonta cannot be con-
sidereda successfulclade during the Paleozoic.Family richnessof this
group is lower than the richness of othertypical Paleozoiccladeslike Ar-
ticulata or Crinoidea; but they are similar in family richnessto other
clades not so relevant; e.g. Stelleroidea or Blastoidea (cf Sepkoski, 1981).
Although Aldridge & Smith (1993) use a multi-element classification,
their data on the family record may supply a good information. Crosso
modo, the number of conodont families suffered a continuous reduction
since the Ordovician climax and only four families arrived to the Lower
Triassic, according to the data of these authors. Two of these disappeared
in the Griesbachian and the Dienerian (Lower Nammalian) whereas the
other two became extinct in the Carnian and the Rhaetian. This family
richness dynamics is coherent with the observedpatternfor lineages.The
use of the family level is advantageous becauseit removesrarefactioncf-
fects when Paleozoic and Mesozoic recordsarecompared.

Severalquestionsarise. Gould (1989) concluded that many evol-
utionaryexperimentscarriedout in Cambriantimes(Bauplánepreserved
in the BurgessShale)werenot successful.According to Gould, thereason
of their rapidextinetionwas bad luck, not a lack of fitness.Badluck may
be interpreted in terms of critical cladal size, in a parallel comparison
with the critical population size. What happened with conodonts? Their
large time span (around 300 My) is not coherent with extinction by
chance. In fact, our calculations show that a relatively high extinction rate
and negative growth rate during the Upper Triassic made the removal of
the group a very probable event (taLles 2 and 3). A possible scenario
could be as follows: conodontsproliferatedduring the EarliestPaleozoic
times, once they overcome the critical cladal size. Their design was com-
parable in fitness with that of other groups. Whenbetter adapted animals
emerged, disadvantageous competition with them began (diffuse competi-
tion with increased speciespacking —cf. Sepkoski, 1978— could be a
credible mechanism). This occurred probably since the Silurian; in this
time, the Ordovician family richness (35) is cut by more than half (14).
The Permo-Triassic mass extinction could remove many competitors as
pointed out aboye (mass extinctions are decoupled from fitness estab-
lished during «normal» times; see Gould, 1985); hence the fact that their
last Triassic flourishment occurred (Figs. 1 and 2), although spreading
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provinciality during the Early and Middle Triassic could play a role as well.
Ihe last Upper Triassiclineagescould probablyLe successfulas generalist
animais —their long durations seems to suggest their gerteralist character—;
but reduction of marine areas and diversification of competitors could pre-
vent any attemptof origination of new lineagesin more specializedways
(on the otherhand,generalistlineageshavea very small origiriation capa-
bility.) Small crisis gradually diminishedthe impoverishedrichness(see
polycohortanalysis).Thus,this meantthe extinction of thegroup.

CONCLUSIONS

Conodonts made up a minor group dwring the Paleozole and the Early
Mesozoic. Their cladal ramification fit a time-inhomogeneousmodel and
they becameextinct within the Rhaetiantimes. The impoverishmentof the
group -at the family level- is gradualsincethe Silurian, after the Ordovician
acrne. Diffuse competition with betteranimal designscould diminish their
origination rate to be lower than extinction rate in the Ladinian and the
Upper Tr¡assic(probably,the last lineageswere generalist).Environmental
causes were not probably the principal agents for this extinction, Lut they
could play a role as well. Pseudo-polycohortanalysisevidencessorneintra-
Triassicextinction episodespossiblycausedby small crisis.Since the cono-
dont diversification seemspartly relatedto the availablemarineareasand
provincialization, the decrease of these areas in some regions of the world
would be a new challengefor the group; an abnormalsalinity could be an-
other important factor in regions initially occupied by them, becausethese
organismswere mainly stenohaline.Theseenvironmentalfactors also con-
tributed to the extinction of the group.
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