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Oligophyly may be defined as a restrictive factor in evolution leading to minimization of
the number of phyletic lines owing to an occasional reduction Ły ',,"un. of mass
extinction as well as to their recovery from scanty survivors. The monophyletic origin of
the vast majority of taxa finds its explanation in this succession of events, namely in the
diversity reduction (DR) - rediversification (RD) sequence. In turn, the recovery from a
few or a single ancestral species (near-monophyly or monophyly) causes a number of
consequences for the evolution of emerging new taxa. They produce a particular class of
systematic groups called genealogical domains. Such groups display an exceptionally
close affinity and a similar evolutionary potential exhibited i-.e.an aUundantpar;Uehsm.
In other words, the paucity of ancesĘ (oligophyly) explains why both the mónophyletic
origin and evolutionary parallelism are such common features of the phylogeny in most
fossil groups. Parallelism is caused by the similarity of apomorphic iendencies
lknown
as .underlying synapomorphy'in phylogenetic systematics), wńch are among the most
characteństic features of evolution within a genealogical domain. It is now evidenced that
the vast majońty of Late Silurian monograptid faunas are descendantsof only two species
- survivors from the severe lundgreni Event. Numerous
cases of heterochrónic parallel-Sit*ian
ism and evolutionary repetitions observed within the repertoire of the Late
monograptid faunas may be explained as a far reaching effect of oligophyly. Each
ancestral species established its own genealogical domain displaying certainipomorphic
tendencies. The same is true for the monophyletic origin anO
radiation of Llan"*iy examples
dovery monograptids. Whilst graptolites provide numerous graphió
substantiating the oligophyly concept, it is clear that the phenomena discussed are of a much
more general nafure.
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'...Classification

consists in grouping beings according to
their actual relationship, i.e. their consanguinity, or descent
from common stocks'.
(Charles Darwin in his letter of 26IaIy 1843 to George R. Waterhouse.
In; F. Burkhardt (ed.), 1996 Charles Darwin's Letters).

Introduction
Ever since Darwin, a far-reachinggoal of systematicshas been to understandclassification in terms of evolutionary history. In this sense,biological systematicsmay be
considereda historical science (Ghiselin 1996).However, it is clear thatclassification
can be neitherexplainedby nor deducedfrom the generaltheoriesor rules of evolution.
Classification may be derived from the knowledge of the course of evolution, understood as a narative about the events which happenedin the evolutionary history of
a given group. Hence, in the light of the Darwinian tradition, the current task of
systematicsis to search for the main evolutionary events, or turning-pointswhich
shapedthe major featuresof the evolution of a given group or taxon. In this way, one
could also comprehendthe essentialpatternsof classification within large systematic
groups developing during long time intervals.
In the presentpaper I shall focus on biotic crises that led to mass extinctions, as
factors shapingthe importantfeaturesof the futureevolution in the group of survivors
and thereforedefining also the major featuresof their classification. Moreover, I will
use the history of graptolites to support most of my considerations,although it is
obvious that the phenomenadiscussedhere are of a fairly generalnature.

The concept of oligophyly and its implications
for evolution and classification
One of the most obvious resultsof mass extinction is reductionof biological diversity,
expressed both in the number of taxa and in the number of lineages which they
represent.This effecthas been well analyzedtn numerousinstancesand the dynamics
of such changesin diversity acrossthe extinctionhorizons has beencarefully recorded
for a numberof bioevents(Walliser 1996).Lessunderstandablearefurtherconsequences of the reduction of diversity for the subsequentrecovery for the patterns of
radiation,and for the essentialfeaturesin the evolution of surviving lineages.
From thestandpointof phylogeneticsystematics,the crucial factorof thepost-event
situationis the paucity of phylogeneticlines amongthe surviving groupsof organisms.
The results of mass extinctions may be comparedto the bottleneckeffect at the level
of evolutionarylineages(Urbanek 1997).Thereforerecovery startsfrom scantyancestral taxa, frequently from a single species or only a few taxa, representingan even
smaller numberof lineages.I have termed(Urbanek t997 p. 0Ą this commonpattern
of survival and recovery 'oligophyly' (from Greek oligos - few, scanty, andphylon tribe, race),emphasizingin this way the initially stronglyreducednumberof surviving
phyletic lines, later subjectto recovery and re-radiation(s).Hence, such bottlenecking
leads to an unusually low diversity among the survivors and, consequently,to a great
phylogenetic uniformity of recovering assemblages.Urbanek (1997: p. 123) found
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Fig. 1. Main phyletic elementswithin the Late Silurian monograptidfaunas are representedby Pństiograptus
dabius-relatedclades and by Monograptus (Uncitntograptus) uncinatus-relatedclades, both survivors of the
lundgreni Event, as well as by the subsidiary cryptogeneticelements.Radiation pattembasedon the datafrom
Urbanek 1997, simplified; datum lines provide approximatenumerical age (afterHarland et al. 1982)for the
lower boundaryof Ludlow (baseof the nilssoni Znne, Ę| Ma) and for the lower boundaryof Piidoli (baseof
parultimus Zone,414 Ma) in order to define the time-scalefor the processesdiscussedherein.

only three (and possibly even only two) phylogenetic elements in the entire Late
Silurian monograpid fauna. I ascribed this paucity of phylogenetic elementsto the
severeeffectsof the lundgreniEvent, survived only by representativesof two lineages:
one representedby Pristiograptus dubius (Suess,1851)and the otherby Monograptus
uncinatusTullberg, 1883.It is now evidencedthatthe vast majority of later monograptid fauna are decendantsof those two species( Fig. 1).
Oligophyly, which can be understoodas scanty ancestry(monophyly,near monophyly or stronglyrestrictedpolyphyly), led consequentlyto an unusually close affinity
among all derived taxa. They constitutewhat may be called a genealogical domain
characterizedby the proximity of common ancesffy(Sluys 1989).Among the charac-
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teristic features of evolution in such genealogical domains are widespreadhomeomorphy and especially parallelism as well as the occuffence of repeatedlyevolving
characters in several ingroup taxa. Numerous cases of heterochronic (diachronic)
parallelism and evolutionary repetitions which are part of the evolutionary repertoire
of the Late Siluńan monograptidfauna (Urbanek t996, |997) may also be explained
as a far-reachingeffect of oligophyly. It is clear from the data that oligophyly should
be included into evolutionary consequencesof mass extinction (some of theseconsequenceswere alreadyrecognizedby Jablonski 1986).
In more generalterms,oligophyly may be defined as a restrictivefactor leading to
minimization of the number of phyletic lines in the course of evolution due to the
occasional (or episodic, seeBoucot 1994)bottleneckingof lineagesby meansof mass
extinctions. Therefore 'minimization of polyphyly' is not merely a methodological
principle of contemporaryphylogenetic systematics,but an objective fact of nature
documentedfor alarge number of lineages.In otherwords:the evolutionaryhistory of
many groups passedthrough recurring periods of near-extinctionand recovery from
a few survivors,which representsan evolutionarystrategyinvolving minimal polyphyly (= oligophyly or near-monophyly).ttt this respect,most taxa began under similar
initial conditions,characterizedusuallyby the scarcity of existing lineagesand underwent a subsequentrecoveryfrom a stronglylimited numberof ancestors.Consequently
they share an essentially similar evolutionary potential. In this way, similar initial
conditions determine,to a large extent,the course of fuither evolutionary history for
such groups, which above all is the function of the 'propinquity of descent' (using
Darwin's 1859:p.4t3phrase).Moreover,itisclearthattheprincipleof
amonophyletic
origin of 'natural' systematicgroups would only be a mental scheme imposed upon
natureby their students,werenatureitself unableto createcritical situations,when only
a single, or very feq phyletic lines can go through 'the eye of a needle'.
I focus my attentionherein on the processesoccurring in time, but it is perfectĘ clear
that similar processesmay occur also in space and geographical distributions provide
many instancesof monophyly (Mayr 1969:p. 1a0).Dispersal acrossgeographical(and
ecological) barriers as a rule reveals a selectivepattern.In the majority of casesonly one
species of a given group has the ability to transgressthe barrier, to colonize the new
environmentandproducea new centerof dispersalon theotherside.Such eventsarefully
compatible with the oligophyly paradigm, being just an alternative scenario.The only
marked difference between the laffer scenario and the previously suggestedone is the
replacementof mass extinction, by the ecological mechanism of barier selectivity. tn
both cases, however, new groups originate and diversĘ from a limited ancesĘ, thus
reinforcing the case for a monophyletic scenario. Moreover, it follows that the mźNs
extinction is not a necessaryprerequisiteof oligophyly, althoughcommonly it is.
The classical definition of monophyly as given by Haeckel (1868) was subjectto
differentredefinitions,both less (Simpson 1961)and more (Henning |98f) restrictivę.
The monophyly criterion for the recognition of taxa at different levels has received
much criticism (seeBorkin 1983for the review of earlier views and Baum 1992for the
' recent standpoints).However, the cnteńa of monophyly and monophyletic ońgin are
beyond the scope of the presentpaper.Sufficę it to say thatmonophyly remainsone of
the paradigmaticconceptsof systematicsand a more or less strictly defined principle
of monophyly or, in other words, the principle of exclusion of polyphyly is widely
acceptedboth in routinesystematics(Scotlandl99f; Whiting & Kelly 1995)and in the
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systematicconceptsconcerningthemajororganicphyla (Starobogatov1994;Cavaliersmith et aI. 1996;Nielsen et ąl. t996). Almost universal occuffence of monophyly
(however,with notableexclusions due to hybridization and symbiogenesis)is usually
explainedby the essentiallynon-repetitivenatureof eventsinvolved in the emergence
of biological taxa, understood as unique complexes of traits and correspondingly
unique sets of genetic information. Such unique combination of charactersimplies
a uniqueancestry According to this view, a multiple origin of a naturaltaxonis a highly
improbableor extremd rare event.
However, the phenomenonof parallel evolution, when taxa with strongly similar
complexes of homological traits are producedindependently,accountsfor a situation
when uniquenessof taxa is ręducedand when a multiple (polyphyletic)origin of taxa
can not be excluded a priori. One of examplesare cynodonts,a group of mammal-like
reptiles consideręd to be immediate ancestors of mammals. Numerous species of
advancedcynodonts attainedalmost a mammalian grade of organizationand may be
consideredpotential
ancestorsof mammals.Hence,Tatarinov(1976:p.207)is inclined
to think that mammals originatedfrom more than onę cynodont ancestor.Yet in spite
of this reasoning, Kielan-Jaworowska (1996: p. 620) has summarized most recent
developmentsby stating that 'in the present state of knowledge, the monophyletic
origin of mammalsappearsmore probableand is supportedby most palaeontologists'.
There is, indeed, a remarkable asymmeĘ between the supply and demand in the
phylogeneticmachinery.From numerouspotentiallypossible ancestorsof a new group
which appearsdue to parallel evolution, a very few or only a single one are usually
realized. This contradiction is, in my opinion, resolved by the oligophyly concept,
which assumesthatmonophyly is ensurednot solely by the uniquenessof the biological systemsinvolved but also by theperiodic bottleneckingof the lineagesdue to mass
extinctionor dispersalselectivity.The oligophyly conceptoffers an historical explanation why the criteria of monophyletic origin could as a rule be met in classification.It
also provides an answerwhy, in spite of the widely spreadparallelism in the evolution
of many groups,in most casesrecognizedtaxa are not polyphyletic. This is so because
their origin is usually precededby a drastic reduction of diversity (and hence of the
number of parallel lineages)to a very few or to a single evolutionary lineage, which
then may experiencerecovery or transformationand subsequentre-radiation.

Restrictive

function of mass extinction

in graptolites

The startingcondition for oligophyly is in most cases a drastic reductionof diversity,
a function executedby mass extinctions.There is an ample literaturedealing with the
dynamics of extinction sunrmanzed quite recently by Benton (1995) and Sepkoski
(1996),and a generalmodel of recoverywas offeredby Courtillot & Gaudemer(1996).
A general survey of the Ordovician and Silurian Bio-Events including i.a. data on
graptolitesis provided in Barnes et al. (|996) and Kaljo et ąl. (|996). The most
common method of data analysis employed in such surveys is based on tracing how
frequency distributionsin the total number of taxa changeacross critical horizons in
large systematicor ecological groups (diversity curves), a method inadequatefor my
reasoning.From the standpointof the oligophyly concept,I am interestedinsteadin
the fate of particulartaxa like generaor species,or even individual lineagesand in the
decreaseof intragroupdiversity ata low systematiclevel. This differencein approach
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is best expressedin the understandingof the No parameter,the initial number of taxa
prior to recovery. This parameterseryes in some mathematicalmodels of recovery
(Courtillot & Gaudemer 1996)to calculate the value of N(t), the number of taxa that
occur at time t. In most cases Ns is simply the initial number of taxa in a given
assemblageor a large systematicgroup' while for my purposeĘ should be re-defined
as the initial number of taxa in a given lineage at t = 0. Hence, in the case of thę
lundgreniEvent, the pristiograptidlineage in the overlying dubius-nassaZone (t = 0)
has Ns = 1, whereasfor the uncinntus lineage No - (1), where brackets indicate the
Lazarus effect involved in its survival (Urbanek L993). Therefore for the entire
monograptidstockNo = 1+(1) and for the graptoloidsin generalNo -4. The redefined
Ns parameterclearly indicates that each dubius and uncinatus derived phyletic line
originated from a single ancestor and consequentlyeach produced a monophyletic
group displaying propinquity of descent.
The analysis of the patterns of change of graptoloid taxa across the extinction
horizons given by Storch (1995) basically meets theserequirements.A more recent
study by Melchin et al. (in press)presentsa high-resolutionanalysis of diversity data
on a global scale for the entire Silurian but pays attentionmostly to the numerical
abundanceof species with only a few remarks on extintion/survivalof lineages or
supraspecific taxa. However, some important data are summarized with regard to
individual bio-events,which are importantbecauseof their exceptionalmagnitudeand
global significance, or due to an exceptionally good palaeontologicalrecord or both.
Several are discussedin greaterdetail below.
The terminal Ordovician (ate Ashgill) mass extinction belongs to one of the five
greatestbiotic events recognized within the Phanerozoic (Raup & Sepkoski 1982).
Planktonic graptoloidswere heavily affectedas the vast majority of their species and
approximately tI Late Ordovician generabecame extinct. Relic assemblagesoccurring within the extraordinariusZone were extremelyimpoverished,composedof a few
obviously non-specializedsurvivors the world over.
The effectsof this major biotic crisis were best summarvedby Barnes et al. (1996:
p. 160)who wrote:'atthis time flateAshgill, A.U.], all graptoloidsbecameextinctwith
the exceptionof threeor four diplograptidspeciescurrently assignedto Normalograptus andGlyptograptus.Itwas thesefew taxa which subsequentlygave rise to a totally
new,rapidly evolving faunaof the Silurian'. The first sentenceof the quotationmay be
considered a superb summation - of the restrictive impact of mass extinction on
diversity while the secondsentenceis a concise descriptionof oligophyly, understood
as recovery from a few survivors.
Re-diversification during theEarly Silurian camefrom two independentstocks:newly
emergingmonograptids(in thepersculptus Zone) and generalizeddiplograptid survivors
such as Normalograptus. Uniserial scandentcolonies of early monograptidsrepresented
an evolutionarynovelty with a greatprospectivepotential (a uniserial eventaccording to
Rickards 1988).However, in spite of the fact that the trend towards a uniserial arangement of thecae(partial reductionof the secondthecal series) was displayed in a number
of Late Ordovician-Early Silurian diplograptids,thereis strongmorphological evidence
thatmonograptidscould be derived only from a particular diplograptid stock, displaying
a certaintype of early deveĘment. Thus, from the very beginning,the theca_ th 1'
grows upwards (p apomorphic feature) while otherwise, in the diplograptid type of
development,th f initially exhibits a downwarddirection of growth.It is only in its distal
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portion thatth 11startsto grow upwards,which resultsin a characteristic'J'-like shape
(a plesiomorphic trait). Diplograptids which display this type of deveĘment (e.g.,
Glyptograpfizs) should be excluded from the list of presumed monograptid ancestors;
Akidogrqptus or Parakidograptus, for the samereason,is a far more probablecandidate
for this role (Li 1990;Koren & Bjeneskov 1997).
Although we still cannotfinally resolve the problem of the origin of monograpidsby
presentinga morphocline, both the morphogeneticconstraintsand the course of events
revealedby straĘraphy point to their emergencefrom a single species or from a group
of very few closely related diplograptid species (mono- or pachyphyly). But even then
their characteristic feature,namely the aperturalbudding of the first theca, developed
gradually, and early monograptids from the persculptus-vesiculosus zones, like all
diplograptids,still displayed subaperturalbudding due to the perforationor resorptionof
the sicular wall (Melchn1994; Koren'personal information).Adaptive radiationstarted
within the vesiculosus Zone at this early stageof the morphological evolution, whereas
those monograptids that had already become uniserial representedstill a fransitional
groupof 'diplo-monograptids'.Atrue monograptidconditionof the initial bud development, so characteristicof and persistentwithin the later Silurian uniserial graptoloids,
representsmost probably a parallel acquisition, attainedindependentĘin a number of
lineages. This may be interpretedas evidence for their similar apomorphic tendencies
(undeĄing synapomorphy) and, in the consequence'may also support the stafus of
Monograptina as most probably a monophyletic group.This early diversification marked
thebeginningof an enormousLlandovery radiationof monograptids.It was accompanied
by an almost simultaneousdffierentiationof the genusNormalograptus Legrand, 1987,
a stem group for the Silurian diplograptids, making many attemptsto modernizeby a
number of novelties its otherwiseconservativebiserial orgarization (Koren' & Rickards
1996).Therefore,both the monoserial and thebiserial stemgroup of Silurian graptoloids
display an exffemedecreasein diversity, only later subjectto a rapid re-radiation.
Although less deleteńous in its general effect, the lundgreni Event (late Wenlock,
Homerian), was equally devastatingwith respect to monograptids.Among the diverse
ta:ra which had comprised the pre-extinction assemblage,multiramous cyrtograptids
were subject to final extinction, while single strped monograptids and plectograptine
retiolitids were severely affectedby mass extinction.The only monograptidthatsurvived
the lundgreniEvent in siru was Pństiograptus dubius,laterthe ancestorto the majority
of Ludlow monograptids.Its phylogeneticrole hasbeendescńbedabove.The re-appearancesof sometaxa with distinct Wenlockian features|Monoclimącis micropomn,Monograptus(Uncinatograptus)uncinatus]suggesta considerablesignificanceof theLazarus
effect in the recovery of the Ludlow graptoliteassemblage.However, the only factor of
lasting effect for the further deveĘment of the Late Silurian graptoloid fauna was the
re-appearanceof Monograptus(Uncinatograptus)uncinatus,which was to becomethe
ancestorof Ludlow hoodedmonograptids.PristiograptusdubtusandMonograptus(U.)
uncinątus represent extinction-resistantlineages, displaying a relatively generalized
morphologyas is the casewith many survivingtaxa (Kaiser & Boucot 1996).The entire
Late Silurian monograptidfauna is composed of only thesetwo phylogenetic elements
plus some speciesof a cryptogeneticorigin, such as M. (Formosograptus)formosus (Fig.
1). Some of these enigmatic forms may be eventually assigned to the dubius or the
uncinatus stock, the ancesĘ of others staying open for long or maybe for ever.But the
fact remains that the vast majority of the Ludlow monograptidsmay be safely derived
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from only two ancesfralspecies(Urbanek1993,1997).As shownby Jaeger(1959,t99l)
and Koren' (1991,I992),therich Gorstianmonograptidfaunawas precededworld-wide
by an extremeĘ impoverished assemblageof thedubius/nassa7-one,directly oveĄing
the lundgreni exttnction.The few survivors of this interlude gave rise to the diversrty of
monograptids as well as of plectograptines(retiolitids). The evolutionary potential of
thesesurvivors of the lundgreniEvent might be justĘ comparedwith thatrepresentedby
the diplograptidgeneralistsfrom theextraordinańusZonethat had survived thepacificus
Event of the terminalOrdovician (Koren' & Bjerreskov 1997).A striking similarity in the
course of events in both biotic crises provides foundationsfor the oligophyly concept.
The crucial feature is the presence of diversity lows preceding the recoveries and
re-radiations.
Summing up, it seems safe to conclude that major graptoliteradiations are relatedto
recoveries that followed drastic reductions of diversĘ Such sequencesof eventshave
been observedin numerouscases prior to any theoreticalevaluation and belongs to the
canonical wisdom of classical palaeontology. Recently, this relation was called by
Walliser (1996) the extinction-radiation(E-R) sequencę.He sffessedthe significance of
this somewhatparadoxicalpatternwhen extinction eventsultimately causean increasein
diversĘ I would restatehis reasoningby emphasizing ratherthe reduction of diversity
as an immediate effect of ęxtinction,precedingthe ensuing radiation.A strongdiversity
reduction (DR) is a necessaryprerequisiteof major rediversdification, RD (usually an
adaptiveradiation),producing in this way the following sequence:DR-RD (Fig. 2). The
causal factor here is most probably relaxation of competition and vacancy of niches
emptiedby mass extinction (Urbanek 1993).Major radiationsare frequentĘprecededby
changesdefining crucial adaptationsof divergentevolutionarylines, like the invention of
the nematophoric (planktonic) sicula during the dendroid/graptoloidtransition or the
appearanceof a uniserial scandentrhabdosomeprior to the radiation of monograptids.
Structuralfoundationsof a new adaptivetypes were sometimesformed during the early
radiationphase,as the 'early schism'within thedubius stemlineageafterthe lundgreni
Event (Koren' & Urbanek 1995).However, even in the former case some new and most
crucialfeaturesof organŁation,such as theloss of bithecaein the anisograptidancestors
of graptoloids or the aperturalbudding of the first theca in early monograptids,were
addedto the primary foundationsas evolutionary improvements,so the emergenceof a
new structuralplan (Bauplan) was additive ratherthen saltationary.
Small-scale radiations follow a different pattern;they utilize the already existing
adaptive innovations as was the case with cucullo- and neocucullograptids.These
radiationsareusually variationson a theme,as theyrepresentmodificationsof a certain
basic type (Urbanek 1996:p. 125).They are not precededby a decreaseof diversity;
in fact they increaseor maintain it. Moreover, such small adaptiveradiationsproduce
very closely related groups (which again may be consideredgenealogicaldomains).
A good example is Lobograptus, where all species are descendingfrom a common
ancestor(Inbograptusprogenitor), the terminal speciesbeing separatedby only 2-3
speciationeventsfrom it (Urbanek1966,1995).Apattern of diversificationessentially
resemblingthat in Lobograptus is diagrammaticallyshown in Fig. 2 as subgroupB-H
immediatelyrelatedto its common ancestorB'.
According to the oligophyly concept,recovering lineages producedfirst a closely
relatedgroup of taxa,termeda genealogicaldomain.But it is obvious in the examples
that further divergence contributed to a rapid increase in within-group differences and

ACTA PALAEONTOLOGTCA POLOMCA (43) (4)

BC

557
L
:i:::li::l
l:::il:l:
ii;t!ili

i:l:il':':..::,::':'r.:i:':!.
l;iili:l
llr:rill:
|'ł|iIiili
tlililtl
:it:tliil:l
ll::lilii
t!::ltl::i
ilrirl:l

iti:iar:iii:iiitli:l:ii::iil:

REDIVERSIFICATION
PHASE (RD)

*--N

Fig. f. An ideogram showing the diversity reduction (DR) _ rediversification (RD) sequęnceduńng the
recovery after mass extinction.Note that the only survivor (A) experiencean adaptiveradiation during the
RD phaseof the recovery.The end productsof particularclades (B-L) producea group of taxa displaying
a proximity of common ancestry.This is particularly true of subgroup B-H immediately related to its
common ancestorB' and displaying similar apomorphic tendencies,which in turn are distinctly different
from thosein K-L (an effectof theearly divergence).Data from Koren' & Urbanek 1995and Urbanek 1996,
1997, generalued.

eventually the most characteristic features of such domains, and the proximity of
common ancestryfaded away. Such was the course of eventsduring the early Llandovery radiation,when monograptids,probably monophyletic in origin, soon lost the
nature of a coherentgenealogicalgroup and split into a number of subgroups,each
displaying their own apomorphictendencies.The same is true for the late Homerianearly Gorstian radiation of monograptids,the survivors of the lundgreni Evęnt. Their
early divergenceproduced a number of evolutionarylines each displaying a diffęrent
evolutionarypotential,with a specialposition occupiedby linograptids.From the very
beginńng they exhibited an ability to form compound colonies (an apomorphic
feature)while retainingthe plesiomorphicthecal characters.A vast majority of monograptidsreveal aplesiomorphic overall colony shapewhile exhibiting various apomorphic tendenciesin their thecal characters.
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A theoretical framework for understanding
the implications of oligophyly
A striking feature of evolution in genealogical domains (monophyletic groups of
closely related taxa) is parallelism usually understood as an effect of repeatedly
evolved characters,acquired independently by close relatives. One of the major
debatesin the recentphylogeneticanalysis concernsthe recognition criteria for parallelism (Webb 1994, 1996). An opinion prevails that true parallelisms are based on
homologous structures,whilst convergences rely on the analogous ones. Hence,
parallelism representsa special case of homology,which Plate (1922:p.7) named
'homoiology'.As definedby Sluys (1989:p.352),'homoiologies are presumedto be
independentevolutionary derivations,which develop from similar homologous precursors'. Abundant parallelism provides evidenceof propinquity of descent(Gosliner
& Ghiselin 1984:p.260), and its presenceis a common featurefor numerousgroups,
both extantand fossil (such groups were listed by Gosliner & Ghiselin 1984:p. f64,
and Sluys 1989:p. 351).Parallelismsare especiallyabundantin particulargroupsof
organismsdefined above as genealogicaldomains.
It seems obvious that a group recovering from a single survivor or from a few
closely relatedones eventually forms a genealogicaldomain (Urbanek 1997).A case
study of parallel evolution in two genealogicaldomains of Late Silurian monograptids
is given below. Such domains are first of all characterizedby the proximity of their
common ancesĘ and by similar apomorphictendencieswithin all taxa or clades.This
is best expressedin frequent instances of parallelism caused by both the common
inherited genetic factors and the resemblanceof the epigenetic system.The capacity
repeatedlyto develop synapomorphies(derived sharedcharacters),called the underlying synapomorphyby Saether(1979,1983)and Sluys (1989),may be consideredone
of the most characteristicfeaturesof evolution within a genealogicaldomain.Parallelism in them is frequently ubiquitous (rampant)and involves repeatedly evolving
charactersthat are homologues.In turn, the presencęof such parallelism is an indication of a common ancestry(monophyleticorigin) as shown by Brundin (1976).It is
especially true when parallelism is confined to a certaintaxon (inside parallelism) and
occurs in various subgroupsof this taxon.
The conceptof underlying synapomorphyimphes apresumed common evolutionary
potential in a given group basedon persistenthereditaryfactors whose expressionmight
be blocked and maintainedin the genotypefor millions of years (Sluys 1989;Urbanek
1996)or re-activatedin thepresenceof someothergenesand/orin a certainenvironmental situation defining the direction of selection. Therefore some authors appeal to the
notionof canahzedevolutionarypotential(Sluys
1989),assumingthatatthelevelofthe
eprgenotype,potentially available geneticinformation is usually organtzedinto a number
of developmentalchannelsowing to certain developmentalconstraints.The subsequent
on- and off- switching of the genes (sometimesby a single mutation) may representa
repeatedappearanceof an apomorphic characterin various clades. While I focus my
attentionon genotypic (mutational)and epigenetic consfraintsit is clear that selective
factors are also necessaryto produce such effects. A remarkable featureof underĘing
synapomorphyis mosaicismin theexpressionof certaincharacters.This situation,itr my
opinion fits in with the fossil record,where 'new featuresare often 'cut and pasted'on
differentgroups at differenttimes' (Shubin 1998).Such a patternof parallel evolution
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differs from classical orthogenetic schemes demanding a linear progression of key
featureswithin eachlineage descendingfrom a common ancestor.Moreover, when I refer
to evolutionarypotential,I usually havein mind close relatednesscreatedsecondarilydue
to oligophyly while orthogenetic concepts emphasized the significance of hereditary
potentialcreatedduring the earliest stagesof the phylogeny of a given group.
The underlying synapomorphyconcept has sometimesbeen cnticized (Kitching
1996)forintroducingthenotionof acommon ancestorwithapresumedlatentpotential
only later exhibited as apomorphictendencies.According to the critics, such a reasoning has a relatively low explanatory potential and introduces a sort of undesirable
predeterminationto the understandingof evolutionary change (see also a similar
criticism of latentpotentialconceptin Tatarinovt976: pp. 191-1gf).Ibelieve thatthis
controversymay be solved by interpretingthe underlying synapomorphyas an unexpressedcapacityof the entiregenomeor epigenotypeto develop certaincharactersdue
to the appearanceof even little specific mutations.It is of someinterestthatessentially
the sameexplanationwas suggestedalreadyby Darwin (1859:p. 161).
The recent studies on genealogical domains and evolutionary parallelism have
developed rather independentlyfrom similar concepts of the past. But it is worth
mentioningthat 'the law of the homological series of variation' describedby Vavilov
as early as t9ff is, in a way, just anotheraspect of the same theme (see also Wake
1996).What Vavilov meantby this law were analogousspectraof the phenotypicand
genotypicvariation amongrelatedtaxa, when strikingly similar traits occur with such
a regularity that the presence of a character or a morph in a given taxon could be
predicted on the basis of its presence in another taxa. The presumption of close
relatednessprovides an explanationfor the homological seriesof variation.There are
goodreasonsto believethat 'analogousvariation'describedby Darwin (1859:p. 159)
in domesticatedanimals and cultured plants is essentially the Sźlmephenomenonas
Vavilov's homological series of variation (Kozulina 1988;Ghiselin 1996).
Vavilov's ideas stimulated thinking of some palaeontologiststo mention only
Bulman (1933)andRozanov (1974).Bulman descńbedtherepetitionofsimilarthemes
(such as the number of the stipes and their direction of growth) in the evolution of
different graptoloid lineages as 'programme evolution' and compared them with
Vavilov's homological series of variation.Rozanov used a similar explanationfor the
appearanceof strongly similar structuresin the evolution of parallel lines of Cambrian
archaeocyathids.He concluded that the structuresin question may reasonably be
consideredhomological. Moreover, the morphological traits in a homologous series
may be aranged into a grid-like classification scheme,to some extent similar to the
periodic system of elements. Empty cells permit prediction of the possibility of
occunence of some structuraltypes,yet unknown but potentially likely to exist.
one may conclude thatboth concepts_ that of the homological seńes of variation
and that of the underlying synapomorphy- rely on the coffespondencebetweenthe
behaviour of genetic factors and the patterns of phylogeny. It seems also safe to
generalizethat palaeontologicalmaterial aboundsin instancesof parallel evolution,
Vavilov's 'law' being only a specialcaseof this mode of evolution.
Recent phylogenetic studies emphasize the essentialdifference betweenparallelism
and convergence.The latter concerns analogoussimilarity based on non-homologous
sfructures(Sluys 1989).According to Gosliner & Ghiselin (1984:p. 258), 'convergence'
means that the taxa began with different initial conditions and, by different pathways,
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arrivedat a similarcondition'. The meaningof .parallelism'emphasŁesthe significance
of a common evolutionarypotential,while 'convergence'putsemphasison the role of
selection.This correspondsto a primary and sftaightforwardmeaning of both terms in
classical evolutionary theories but paradoxically makes them theory-laden.This fact
explains why they were subject to such different approachesby different evolutionary
theories:whilst neo-Darwiniantheories,emphasizingtherole of naturalselection,usually
underestimatethe significance of evolutionary parallelism, the anti-Darwinian (autogenetic) theories, stress especially the role of parallelism due to a common initial
evolutionary potential as a factor determiningthe course of evolution (e.g.,Schindewolf
1950 among palaeontologistsand Lubischew t982 źtmongneontologists).The latter
theoriesre*ogruzeparallelism at the expenseof divergenceand adaptiveradiation,whilst
to a selectionistevolutionaryparallelismsmells of intracausality(or autogenesis),
thatis
evolution without selection,merely due to internal factors of organisms.
To make mattersworse, many cladists have also been inclined to diminish the role
of parallelisms because they obscure the significance of synapomorphiesin establishing the phylogenetic affinities and underminethe universality of the principle of
parsimonyin the constructionof phylogenetictrees.Some have deniedthe importance
of parallel evolution as a phenomenon,some as a methodological problem or both
(Hennig l98f; Eldredge & Cracraft 1980;Wiley 1981;Patterson 1982).Views have
even beenexpressedthatthe conceptof parallelism shouldbe omittedfrom systematic
studies(for an overview and critique of this radical approachsee Gosliner & Ghiselin
1984: pp. f57-f58). The reasonablesolution is that the cladistic approachshould be
combined with the relaxation of the parsimony pńnciple when we ale dealing with
rampantparallelism (Sluys 1989).
Nevertheless,the fact remainsthatparallelism,overestimatedby somestudentsand
underestimatedor even deniedby someothers,is not a pecuharityof evolution in a few
groups,but a generalrule. Exceptions are fairly few and in some groups(atthe rank of
order or suborder)parallel evolution often exceedsdivergentevolution.In my opinion,
this is largely due to the effect of the initial oligophyly (followed only by a modest
divergence),upon the funher evolution of many groups.
It is also clear that evolutionary parallelism is intńnsically related to monophyly.
Parallelism in evolution of homological charactersis an expression of close affinity
betweenlineages which, in turn, in most casesmay be ascribedto their monophyletic
origin. This point has been raised many times (Schmalhausen1947, 1969; Remane
1964;Mayr 1969;Ivanov 1988)but may be betterexplained only now in the light of
the oligophyly concept. From the same principle it follows that although parallel
evolution is a frequentmode of phyletic change,it is punctuatedby mass extinctions
that minimize the degree of polyphyly and in most cases ensure a monophyletic or
near-monophyleticorigin of the emergingnew higher taxa.No wonderthatSteinmann
(1908) who visualized the entire history of the living world as eventswithin innumerable parallel lines, attainingindependentlycertain levels of organization,or 'phyletic
stages' (such as fishes, amphibians,reptiles and birds or maillmals) refuted the mere
notion of extinction and acceptedonly pseudo-extinctiondue to phyletic transformation. I believe also that mass extinction is crucial for subsequentevolution of recovering groupsbecauseit createsproximity of common ancestry.
While classical palaeontologyputs a strongemphasison evolutionaryparallelism,
the pendulumhas recently swung towardsthe undervaluingratherthanovervaluing of
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the significance of parallel evolution. Among the minority of studentsconsiderĘ
evolutionary parallelism equally important to divergence I would mention Tatarinov
(1976)with his penetratinganalysis of this evolutionary patternin therapsids.

Parallelisms and evolutionary
Late Silurian monograptids

repetitions

among

The Late Silurian monograptidfaunais composedessentiallyof only two phylogenetic
elements,each descendingdirectĘ from a single survivor of the lundgreni Event as
mentionedabove:eitherfrom Pristiograptus dubius or from Monograptus (Uncinatograptus) uncinątus.Each survivor eventually produced a monophyletic genealogical
domain displaying numerouscasesof heterochronic(diachronic)parallelismbasedon
independentlyacquired homological traits. The dubius-relatedgenealogical domain
was composedof a conseryativestem lineage,representedby the persistentP. dubius
itself, as well as of two progressivelines (named'A' and 'B' line respectivelyin Koren'
& Urbanek 1995 and Fig. I herein). The primary divergencebetweenlines A and B
(the 'early schism') involved only incipient slenderness(line A) orrobustness(line B),
but later each stock revealed a fairly different evolutionarypotential.Representatives
of line B combined their ancestralrobustnesswith the developmentof paired lateral
(bilateral)ear-like lobes or elevations (e), which were called 'blinders' (Fig. 3). The
primary characterstateis expressedas triangularlobes (ColonograptusPfibyl, 1942),
whereasthę advancedone displays apffi of lateral spines,frequentlyshiftedfrom the
lateralto thepostero-lateralposition(SaetograptusPfibyl, 194f). Both astogeneticand
morphological transients occur between these two character states, providing, in
conjuction with their stratigraphic occurrence, a justification for the origin of all
spinose monograptids(saetograptids)from a single ancestor,namely Pristiograptus
praedeubeli (Iaeger,t990), which, in turn,is an immediatedescendantof Pństiograptus dubius (Suess, 1851).All saetograptidsbecome extinct as a result of the leinąlardinensis Event (Urbanek 1970),while most of the A-line derived taxa disappearedat
the kozlowskiiEvent. This releasedthe dubius stem lineage from competition,which
resulted in the late Ludfordian and early Ridoli in a new diversification of the
conservativepristiograptids,which were strongly reminescentof the morphologies
known from the Gorstian.As suggestedbyUrbanek (1993:p. 39) the extinctionof the
majority of intragroupcompetitorsexploiting largely the silme resourcesproducesan
effect of escapefrom competitionand results in an ecological release.Certain aspects
of this issuewere discussedagainby Koren'& Urbanek (1996:p. 146).
Thus both the late LudfordianPseudomonoclimacis latilobus (Tsegelnjok,1976) and
someearly Pńdoli monograpids,Istrograptus,Neocolonograptus,reveallateral apertural
lobes mimicking thoseof the B-line of the early Ludlow. In general,aperturalelevations
(e) were generatedat least threetimes: in the Gorstian (eG), in the late Ludfordian (eL),
and in the early Pfidoli (eP)' in the lattercasę_ at leastin two parallel lineages(Figs 3, 4).
This was interpretedby Urbanek (1996,1997) as an example of iterative evolution from
the conservative dubius stem species, or, in other words, as a case of a heterochronic
parallelism. The similarity is based on the homology of the structuresinvolved, namely,
the aperturallobes are made of the same specific skeletal tissue (fusellar tissue), displaying an identical arrangementof growth bands and showing the sźlmerelation to the
thecalwalls and the aperture(Urbanek 1996).This homological resemblanceof morpho-
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Fig. 3. The morphology and degrees of expressivĘ of the paired lateral elevations on the thecal aperture
(e) which evolved within theHomerian _ Gorstian (eG), Ludfordian (eL) and Pńdoli (eP) iterativelineages
deńving from the Pristiograptus dubius stem line: Colonograptuspraedeubeli_Colonograptuscolonus_
Saetograptuschimaera; Pseudomonoclimncislątilobus displaying a low and a higher degreeof expressivity; as well as Neocolonograptusparultimus-Neocolonograptusultimus-Neocolonograptuslochkovensis
lineage. Diagramrnatically from camera lucida drawings; the same data were used to plot Fig. 4.

logical traits does not imply, however, a true synapomorphybecause the charactersin
question were acquired independently, and at different times, every instance being
connectedwith a distinct morphocline.Instead,it is a neat example of an undeĄing
synapomorphyas defined above.Neocolonograptidsof early Piidoli age are so remarkably similar to the earlier Ludlow colonograptids that they provide evidence that the
dubius stemlineagefeaturedessentiallythesameevolutionarypotentialduring thePfidoli
time as during the late Wenlock and Ludlow. This questionwas discussedin some detail
a non-cladisticunderstanding
in Urbanek(1996:pp. 12f123).Hehas also substantiated
of thePristiograptusdubiusstemspecies(seealso Koren' & Urbanek 1995),becausethis
stem speciessurvived a numberof speciationeventswithout a significant alterationof its
evolutionary potential.Therefore an application of the 'nodal principle'demanding that
after each speciation the ancestral species should be grven different binominals seems
unjustified.Although separatedby at least 5 Mą both Colonograptus andNeocolonograptus as well as Istrograprus(Fig. 4B, E, Ę.were deńved from the same persistent
species, namely Pństiograptus dubius (Fig. 4S-S'). Thus they representa case of
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Fig. 4. The distribution and degree of
expression(characterstate)ofpaired lateral apertural elevations (e) or lobes
(such as shown in Fig. 3) within iterative
clades (B-D that branchedoff the Prźstiograprus dubius stem lineage (S-S')
and displayed apomorphic tendencies
parallel to B line. Explanations:B - CoIono8rąptus praedeubeli_Saetograptus
chimnera lineage, C - Pseudomonoclimacis latilobus,D - aberrant?petri,ENeocolonograptus parultimus-N. lochkovensislineage,F - Istrograptustransgrediens lineage displaying isochronous
parallelism to E.

a heterochronic(diachronic)parallelism within a grcup of closely relatedtaxa (a genealogical domain).In spiteof a considerabletime intervalseparatingthe origin of both the
lineages,their ancestorwas the samespecies,thelong lastingPristiograptusdubius, and
they should be considered monophyletic by definition and by virtue of biological
reasoning(Urbanek 1996, 1997).
Hence, the history of the dubius-relatedB group of Late Silurian monograptids(or
genealogicaldomainB), may be restatedin termsof theunderĘingsynapomorphy(Fig.
4B-F). The recurrentgenerationof morphologicallysimilar forms,basedon homological
structuresdisplaying striking resemblancein minute details, may be considered as an
expressionof common apomorphictendenciesor as underlying synapomorophy.
The history of the uncinatus-relatedgroup may be visualized in the following way:
the bulk of the late Wenlock hooked monograptidsprobably representeda monophyletic
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Fig. 5. The apertural apparatusin hooked monograptids of the late Wenlock, early Ludlow (Gorstian) and
latest Ludlow (Ludfordian), seen ventrally and laterally. Note that the ancestral species is devoid of any
additions to the single hooked apertural lobe while late Wenlock and late Ludlow ones are provided
(encircled)either with lateral or anterolateralprocessesor spines displaying a differentdegreeofexpressivĘ; x, y, zare homologicalpoints. After Urbanekt996, modified.

group, and their common ancestorbelongedto one of the few survivors from the severe
murchisoni Event, which sfronglybottleneckedmonograptidlineages(seeŚtorch 1995).
Some of the late Wenlock representatives,in addition to the unpaired aperturallobe,
exhibited to a various degreepaired aperfuralspines as is the case within thepriodonflemingi group (Fig. 5). The latest Wenlock spinose monograptidsof fhe testis group
assigned to Monograptus (Tbrstograprus)featured a specialized overall rhabdosome
shape and extremely elongatedspines. While all spinose monograptidsbecame extinct
following the lundgreniEvent, the non-specializedhooked monograptidssurvived displaying only the Lazarus effect (Urbanek 1993).They were ancestorsto Monograptus
(Uncinatograptus)uncinątusrecognizedfrom thenilssoni7nne of thebasalLudlow and
showing a single aperturallobe with no spines.This species was the ancestorto all the
Ludlow hooded monograptids.They all lacked lateral spines with the exception of the
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Fig. 6. The distńbution and degreeof expressivity
of aperturalprocessesor spines associatedwith the
hooded aperturallobe (shown in Fig. 5) within the
clades related to Motwgraptus (Uncinatograptus)
uncinatus as interpreted in the light of the underlying synapomorphy concept. A common Wenlock
ancestor of the stock (A) acquired an ability to
develop lateral additions, which remain silent in the
deńved lineage B, but are expressedto a various
degreein C fMonograptus (Morc graptus)fletningiboth
pńodonf arrdD fMonograptus(Tbstograpźłs)],
late Wenlock. Lineage B survives the lundgreni
Event displaying a lazaras effect (L1) and reappears in the early Ludlow (B') to disappear for a
certain interval again Q,f). Within the Ludfordian,
the lineage is subject to certain diversification and
splits into a somewhatmore robust (E) and a more
gracile (Ę lineage, representedby Monograptus
(Slovinograptus) - a possible forerunner of other
Late Silurian gracile hooded monograptids(G, H).
The reappearanceofthe lateralprocessesand spines
remarkably similar to the late Wenlock ones is associated with lineage (D IMonograptus (Uncinatograptus) acer-M. (U.) spineusl, while lineage (I),
after anotherLazarus discontinuity (L3), produces
hooded Piidoli monograptids (K, L) such as Mono7raptus ( Uncitnt og rapfłs,)spsp. and M onograptus
(Dulebograptus).
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of this
(U.)protospineus- M. (U.) spineuslineage(Figs 5, 6I). Sequentialrepresentatives
lineage demonsffatea morphocline, showing a gradual developmentof antero-lateral
spines(Urbanek1996andFig. 5 herein).Thus thelobate-spinosemorphotypereappeared
in the latest Ludlow, as can be seen on the simplified cladogram, showing only some
better known species (Frg. 6). The apertural spines in late Wenlock and late Ludlow
monograptidsare homological as they are made of the sameskeletaltissue,producedby
inrelationto the
thesuperpositionof growthbands(fuselli)andoccupythesźlmeposition
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main apertural lobe @g. 5, encircled). However, being acquired independently,they
should be classed as homoiogical as defined above and represęnta doubtless case of
homoplasy. A striking similarity in the overall shape does not exclude some highly
characteristic differences in minute details (Fig. 5, encircled) - while in the Wenlock
species spines are lateral, in the Ludlow ones they are situatedantero-laterally(Urbanek
1996, 1997).A rather deterministic course of eventsin this case still leaves some room
for contingency in the historical change.The significance of such subtle details for the
recognitionof homoplasyis pmticularlyemphasŁedby Webb (|994,1996).
It is also clear thatclassificationin suchgroupsas late Silurian monograptidscannot
be based on morphology alone,becausemorphological similarity may be misleading.
This explains also why genera play rather a subsidiary role in all considerations
concerningMonograptina:the charactersusedfor distinguishinqthegeneradisplay too
high a degreeof evolutionaryrepetition.In all such casesthe eńpirical knowledge of
the course of events (the stratigraphic sequence)may help to establish the true nature
of similarities used as a criterion for distinguishingtaxonomic groups.
The history of the uncinatus genealogical domain may be describedin terms of the
underĘing Synapomorphyconcept, and the recurrentderivation of the lateral spines in
addition to the single aperturallobe was probably causedby certain apomorphictendencies in the ancestralspecies.This underlying synapomorphy(in this case the capacĘ to
developlateralspinesin additiontotheregulmhookedorhoodedaperture)remainhidden
(unexpressed)in most of the taxa within the uncinatus genealogical domain, being
revea]ęd only within certain subgroups (Fig. 6C' D' J) probably due to the subtle
differencęs in the genetic background caused by selection. The hidden evolutionary
potentialimplies thepersistenceof certaingeneticand epigeneticfactorsthroughgeologically long time intervals.As in the case of the dubius-relatedgenealogicaldomain B,
where the ability to form paired lateral aperturallobes ('bhnders') was maintained for
approximately 5 Ma, the potential to form lateral spines on the unpaired lobe was
preserved in the uncinatus stock for a similar time span (Urbanek 1996, 1997). The
reasoningof apalaeontologistisessentiallythesameasthatusedrecentĘbyphylogenetic
systematics(Saether1983:p. 355;SĘs 1989:p. 358):there-appearance
of homologous
traits resultsfrom re-expressionof persistenthereditaryfactors or/andfrom re-activation
of ancientdevelopmentalpatterns.Both may be maintainedin thegenotypewithoutbeing
expressedfor millions of years. Such a model of evolution suggestedby these recent
phylogenetic sfudiesand implying a substantialretentionof genesdistinctĘ differs from
the earlier schemes,based on classical population genetics,which assumeda steady
replacementof genesin the course of evolution (allelic model of evolution).

Convergence

amongst Late Silurian

monograptids

Convergenceis a result of selection acting on non-homologousstructuresbut operating
in a similar direction. The best example of convergenceamongstSilurian graptoloidsis
that representedby the resemblancebetweenthe Cucullograptinae (a group essentially
limited to the Gorstian) and theNeocucullograptinae(theearly Ludfordian). Both gtoups
evolved apertural apparatusesdisplaying a striking similariĘ' but based on a quite
dffierent skeletal fabrics (Fig. 7). While the Cucullograptinae used the regular fusellar
tissue (Fig. 8C), the Neocucullograptinae newly invented and applied for the same
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Cucullograptus

----a
process

Neocucullograptus
Fig.7 . Convergence as revealed by the morphological similarity in the structure of apertural apparatusof
the thecaetn Cucullograptus andNeocucullograptusseenin reverse,obverseand in venhal view: Ar-A:,
apertural apparatusin Cucullograptus aversus rostratus Urbanek, 1960, early Ludlow, latest Gorstian;
Bt_B:, aperturalapparatusin Neocucullograptus inexspectatus(Boućek, t932),late Ludlow, Ludfordian.
Note that in both cases the aperture is provided with a hypertrophied left apertural lobe forming a rostral
processwhile displaying a quite different microstructureof skeletaltissue (afterUrbanek t966,1970).

purposea peculiarmicrofusellartissue(Urbanek t966, 1970 and Fig. 8A, B herein).ln
effect,the aperturalapparatusesin both groupsare fully comparablein essentialtopography as well as in some minor details, such as the presenceof similar but not identical
additional structureson the main lobe (nrbularrostral process,differentplates etc.).
In spite of this overall similarity, theseaperturalstructureswere producedat different
times (neocucullograpidssucceedingcucullograptids)and from a differentancestry The
common ancestorof all cucullograptidswas Lobograptusprogenitor Urbanek, L966,
which in turn,originatedfrom ?I-obograptussherardne(Sherwin,I974), an immediate
product of the early divergence from the Pristiograptus dubius stem species (the
so-called 'early schism' of Koren' & Urbanek 1995). The common ancestorof all
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Fig. 8. Skeletal tissues of some neocucullograptids seen with an optical (A-C) and a scanning electron
microcope (D). A, B. Bleached fragments of apertural lobe in Neocucullograptus inexspectatusrevealing
the structural pattern of microfusellar tissue (m). C. The standardfusellar tissue from a bleached fragment
of a metathecain the same species. D. An early phylogenetic form of a microfusellm addition (ma) to the
aperture (ap) of a fusellar portion of the theca (f) in Bohemograptus praecornutus UrbaneĘ l97o (early
Ludfordian, MielnikI.G. 1 bore core);A-C approximatelyx120, D approximatelyx3f0.

neocucullograptidsis Bohemograptusbohemicus (Barrande, 1850), precededby an
earlier species, Bohemograptus urbaneki, displaying a close similarity to the earliest
lobograptids as well as to early linograptids (Urbanek I97O; Rickards et al. 1995).
Thereforeneo-andtruecucullograptidsarerathercloseĘrelated.Yet,inspiteofthis, they
developedquite different,althoughanalogousaperfuralsffuctures.MoreoveĘ they are so
different morphologrcally not because they źtreso different genetically but due to the
contingent nature of evolutionary change. The reason lies in the invention by the
Bohemograptuslineage of a new peńdermal tissue_ the above-mentionedmicrofusellar
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tissue - prior to its diversification and adaptive radiation. This new skeletal material
appearedfirst as small andundifferentiatedaperturaladditions(Fig. 8D), which only later
were transformedinto large and complex strucfures,the genuineaperturallobes (Figs 7,
8A-C). The novel materialhadbeenutilizedinthemorphogenesisof neocucullograptids
by 'evolutionarytinkering'(or bricolage)as definedby Jacob (1983).Once inventedand
'close at hand' (depositedmound the aperture),it found an application in new structural
designs.This is the only way how it could have happenedto replace the regular fusellar
material of which the thecaeof most graptoloidswere made.
The resemblance of the apertural structuresin cucullo- and in neocucullograptids
representsa bordercaseof convergenceandparallelism.The relationshipof both lineages
is close enoughto expectthathomeomorphymight have beencausedby theevolutionary
parallelism ratherthanby theconvergence.However,fabrics areclearly non-homologous
andin thecaseof neocucullograptidsthey arehighly specific. On theotherhand,however,
the soft parts of the zooids (their cephalic disc and lophophore) exhibited a parallel
evolution in both groups, expressedi.a. in the developmentof asymmetry and other
common morphological traits. This may be expected because of the not too distant
relationshipbetweenthe ancestorsof both lineagesand theprobablepresenceof a largely
common geneticendowment.Both groupsrepresenta very similar adaptivetype, which
Urbanek (1996, 1997) defined as 'operculate'. They repeatedessentially the same
adaptivethemeonce in the Gorstian, and thenin the early Ludfordian, althoughthey used
quite a differentstructuralbaseeachtime. Such repetitionsare a remarkablefeatureof the
evolutionary history in the Late Silurian monograptids.
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oligofilia i paraleliznt ewolucyjny: przykład graptolitów
sylurskich
ADAM URBANEK
Streszczenie
Jednym ze Skutków wymierania masowego było zmniejszanie się liczby przeżywĄących linii ęwolucyjnych, z re1uły reptezentowanych także przez nieliczne gatunki.
odradzanie się faun następowałowięc od nielicznych przedstawicieli danej linii ęwolucyjnej i w konsękwencji tworzące się nowe grupy taksonomiczne miały monofiletyczne
lub prawie monofiletyczne pochodzenie. Ten czynnik systematycznię ograniczający
ilośćrównolegle rozwijających się linii filogenetycznych otrzymał'nazwę,,oligofilii''
(od gr. oligos - skąpy, nieliczny i phylon - ród, plemię, Urbanek 1997). W wyniku
działania oligofilii odtadzĄące się taksony stanowią szczególnie blisko spokrewnione
grupy monofiletyczną określane we wspótczesnej systematyce filogenetycznej jako
domeny genealogiczne. Znamtennym rysem ewolucji takich grup jest powszechny
paralelizm ewolucyjny, świadczącyo istnieniu określonychtendencji apomorficznych.
Znajdljetowyraz w mozaikowympojawianiu się danej cechy apomorficznejw różnych
kladach na|ei,ącychdo tej samej domeny genealogicznej (zjawisko,,ukrytej synapomorfii'', ang. ,,underlying synapomorphy'' Saether 1979,1983). Historia odradzania się faun
monograptidowych późnego syluru po zdarzeniu lundgreni, daje się dobrze zinterpretować w świetlekoncepcji oligofilii i domen genealogicznych. ChociażLgraptolity dostarczają szczególnie interesujących faktów na poparcie koncepcji oligofilii, nie ulega
wątpliwosci, Że zasadatamaogólne znaczenie. Wskutek działaniaoligofilii odradzające
się fauny złoiLonęsą Z grup monofiletycznych, z których kaźLdaskłada sie z blisko
spokrewnionych gatunków obdarzonych podobnym potencjałem ewolucyjnym. warunkuje to częsty paralelizm ewolucyjny, stanowiący charakterystyczny rys zapisu paleontologicznego, odnoszącego się do historii ńżnych grup. Jędnakże dalsze działaruę
o li gofilii zapobiega polifiletycznemu p owstawaniu potomnych taksonów, b owiem większośćrównoległych linii ulega eliminacji w wyniku wymierania masowego, Zasada
oligofilii pozwala ztozumieć paradoksa|ny związek między monofilętycznym pochodzeniem większości taksonów szczeb|a ponadgatunkowego, ich w znacznym stopniu
równoległą ewolucją oraz równl'ężzmonofiletycznym pochodzenięm powstających
z nich grup potomnych.

