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An especially great contribution to the knowledge of the Palaeozoic sedimentary cover above the
cry stalline basement in the EEP was made between 1957-1970. It was the time when a wide-scale study
of subsurface geological structures in the Poli sh Lowland was conducted in association with mineral
resources prospecting. This project involved drilling of hundreds of deep boreholes, 100 per cent of which,
in the early period, were completely cored. As a result, new research material became available, so plentiful
that its detailed analytical study was beyond the capacity of the Poli sh Geological Institute. Silurian
deposits were revealed or pierced in more than 320 boreholes. Their preliminary faunal documentation,
especially that concerning graptolites, con siderably enriched the general knowledge of the Silurian System
not only in Poland (Fig. I) .

Until the mid-1950s, sediments of thi s age had only been known from the outcrops in the Holy Cross
Mountains and in the Sudeten. Their stratigraphy was chiefly described by CZARNOCKI (1919, 1942),
SAM SONOWICZ (1916, 1934 ) as well as by DAHLGR UN and FINCKH (1934) and FINCKH (1932), FINCKH et
al. (1942).

The materials analyzed mainly by the Poli sh Geological Institute and by the oil prospecters pro vided
a deep insight in the stratigraphy and tectonic structure of the Paleozoic cover of the Platform area. A rich
and varied fauna contained in the drilled sedimentary series was the source of fascinating and frequently
unique pal aeontological material.

The mo st interesting among Silurian deposits were the unfolded series encountered in the Polish part
of the south-western EEP over a large area of 100 thousand km 2

. The Tornquist- Teisseyre (T.T.) lineament
forms the SW boundary of the Silurian sediments not folded in Caledonian time (Fig. I).

The Silurian sediments deposited in thi s part of the Platform are fairly thick. Their thickness increases
as the Platform slope plunges south-westwardly, reaching a maximum of 3340 m (ToMCZYK 1976) in the
borehole near Slupsk.

Unfolded platform Silurian deposit s were recorded for the first tim e in 1936 in the Leba borehole
below Zechstein. The borehole wa s drilled on the ele vation of the same name by the former German
Reichsamt fur Bodenforschung in 1935/1936. The section obtained was 609 m thick (664 .5- 1273.4 m)
and represented only the Upper Silurian . Its preliminary de scription was made by DAHLGR UN and SEITZ
(1944) and TELLER (1962). Over one hundred further boreholes drilled close to one another in 1960-1975
confirmed the conclusions of both of these earlier studies (TOMCZYK 1968, 1976 ) (Fig . I ).

Chelm IG-I (Fig. I), a borehole drilled by the Polish Geological Institute in 1954/1955 , was another
well within the SE-most edge of the Polish part of the marginal EEP, where Silurian fossil-bearing strata
were demonstrated palaeontologically. Here, at a depth of 1207.4-1607.4 m, an almost 400 m thick Pfidoli
Series was penetrated in sedimentary continuity below the lower Lochkovian (TOMCZYK and T ELLER 1956;
T ELLER 1960). It contained a rich graptolite (TELLER 1964) and benthic (KOREJ WO and T ELLER 1964) fauna
similar to the one known from the pre sent Pridoli Series of the Prague Basin (HAVLICEK and STORCH 1990;
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Fig. I
A structural map of the marginal part of the EEP (Poland).

Selected Polish boreholes: I - Leba, 2 - Zarnowiec, 3 - Hel, 4 - Slupsk, 5 - Lebork, 6 - Koscierzyna, 7 - Gdansk, 8 
Lutom, 9 - Paslek , 10 - Bartoszyce, 11 - Toruri, 12 - Szczawno, 13 - Ok uniew, 14 - Mielnik, 15 - Chelm, 16 - Ciepiel6w,
17 - Okragle Lake. Selected boreholes outside Poland : a - Brest-l , b - Pishcha-16, c - Tomashovka-406, d - Gushcha-40 15,

e - Yegorany-409.

PRIBYL 1940 , 1981 , 1983 ; HORNY 1955 ; KRIZ et al. 1986 ). At that time this was the second locality in the
world with this kind of faun a. Its stratigraphic positi on and correlation, especially in relation to the British
sequence which at that time was genera lly accepted and regarded as cl assical , posed an uneasy task for
geo logists and palaeontologists.

A number of boreholes drilled in SE Poland and the Bug Depression (TOMCZYK 1974a-d, 1975 a-d,
1977 ) in later years have co nfirmed the results obta ined for Chelrn IG-l sec tion.

The next we ll of imp ortance drilled during the second half of the 1950s was the prospecting we ll
Mieln ik IG-l (Fig. 1) located in the eas tern part of the Podl asie Depression . It yie lded an interesting and
rich Lower Ludl ow (Go rstia n) gra pto lite fauna and also , above the leintwardinensis Zone, a new Earl y
Lud fordian fauna subse quently studie d by URBANEK (1963 , 1966, 197 1). His studies shed light on the
evo lutio n of th is gra pto lite fauna, revealin g a new, heretofore unknown stage in the development of
monograpt ids whose mass occ urrence was recorded for the firs t tim e in the Poli sh subsurface Silurian.
The study of the Late Lud fordian grapto lite faun a, based on the Mielnik IG-l material (URBANEK thi s
volume p. 89) supplements the preliminary results present ed by TSEGELNJUK (19 76a, b) for Volh yni a and
Podoli a.

The information conce rn ing thi s fauna which began appearing as ea rly as the beginning of the 1960s
(TELLER 1966, 1971 ; URBANEK 1963, 1966 , 1971) did not bring a ready response fro m specialists in the
field. It was not until some tim e later that similar fossil assemblages although less num erous (with the
exception of, probably, Volh yni a and Asia, were encountered in various sequences around the world:
Can ada - JACKSON and LENZ (1963, 1972), JACKSON et al. (1978 ), LENZ and JACKSON (1971 ); Volhynia
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- TSEGELNJ UK (1976a, b); Central Asia - MIKHAILOVA (1971 , 1976), KOREN' (19 83, 1986 , 1989); Au stralia
- JENKI NS (1982); Morocco - WILLEFERT (1962); Prague Basin - PRIBYL (19 81 1983); STORCH (1995).

Silurian deposit s associated with the late Caled oni an movements in th e SE branch of th e Caledonian
geosy ncl ine running through Poland have also been reco rded in several points along the T.T. lineament
marginal zo ne. Th ey have been pen et rated by deep borings wi thin the narrow Koszalin-Chojnice belt
(T ELLER and KOREJWO 1968a, b, c; T ELLER 1969; DADLEZ 1967) and also in SE Pol and (TOMCZYK 1962;
DADLEZ 197 4a, b, c). It is not impossible that these dep osits (mainly Ordovic ian and Silurian ) have been
parti all y overthrus t ont o the EEP (DADLEZ 1967 , 1974c) (Fig . I ).

New materi al supplied by the boreh oles s ince 195 6 wa s studied from the point of view of stratigraphy
by T ELLER (1960-1990), T ELLER and KOREJWO (1968a, b. c) and TOMCZYK together with TOMCZYKOWA
(1958-199 0) . Pal aeontol ogical research of the grapto lite fauna has been conducted since 1954 by T ELLER
(1962 , 1964, 1966, 1975, 1976, 1988) and URB ANEK (1954, 1958, 1960, 1963, 1966, 1970, 1976) .

Oth er faunas have been described by KOREJWO and T ELLER (1964), TOMCZYKOWA (1971 , 1975),
TOMCZYKOWA and WITWICKA (1972, 1974), NEHRI NG (1973), NEH RI NG-L EFELD (1985 , 19 87 ), WOLSKA
(196 9), WRONA (1980), and Z BIKOWSKA (l97 3a, b, 1974). LANGI ER-KuZNI AROWA (1967, 1971, 1976)
carried out pen etrating petrographic studies . JAWOROWSKI (1965 , 1966, 1971) and JAWOROWSKI and
MODLlNSKI ( 1968) conducted sed ime nto log ical and some stratig raphic research.

The res ults thu s obtain ed pro vid ed a complete picture of the development of the Silurian deposit s and
faun as in the Polish part of the EEP. This places the Poli sh Silurian amo ng the best recognized in Central
Europe , a fact , which for reasons unknown , has been overlooked by man y research ers (COC KS et al. 1992).

The problem that requires furthe r wo rk is the lithost rat igraphic subdivision of the sed iments . The
subdiv is ion suggested by TOMCZYK (1962 : pp . 10- 23, 110) wa s highl y useful at the ea rly stages of
investi gati on s, but is now inadequate for the present state of knowled ge on the subject.

Havin g di stingui shed the Paslek , M ielnik, Siedlce and Podlasie Bed s, TOMCZYK ( 1962: p. 119, tables
2 and 10) did not specify eit her the lith o- or the chro no stra tigr ap hic cri teria necessar y for thei r di scrimi
nation , nor did he define the nature of the units recog nize d. In later years he never reconside red hi s orig inal
sche me, bu t instead, only offered numerou s interpretatio ns and co rrelations of it.

In some of his pap ers the above author maintains that the uni ts recogni zed by him corres pond to bed s
(TOMCZY K 1970), in othe rs, to region al stages (TOMCZYKOWA 1983) or eve n to fo rmatio ns (TOMCZYK and
TOMCZYKOWA 19 83). The same di screp an cies are evident whe n ana lyz ing the various co rre latio n tables
co mpiled by these autho rs (TOMCZYKOWA 1988: tabl e I ; TOMCZYK 1990 : table 16).

The entire Silurian in Pol and fits we ll in the ex isting internati on al chro nos tra tigra phic subdivis ion, the
region al nam es introduced by TOMCZYK( 196 2) having a purel y local significance. Th ey are the equivalents
of the nam es of formati ons, groups, members, and bed s in an informal lithostrati graphic subdivision; it
is not until they have been red efin ed in conformi ty with the Poli sh stratigra phica l cod e that some of them
may acquire a formal status .

The unfolded platform Silurian deposits of Poland and the fauna they co ntain are fully comparable from
the point of view of both their chrono- and bio stratigraphy with coeval sed ime nts of othe r regions in and
outside Europe. Furthermore, the younges t Seri es of the System (Ludlow and Pfidoli ) are much more
co mplete in Pol and than are their co unterparts in the regions of classical development (e.g ., Britain, Bohemi a).

THE WESTERN MARGINAL ZONE
OF THE EAST EUROPEAN PLATFORM

Wh at is understood by the western marginal zo ne (Fig. I ) is the region NE of the T.T. Iineament that
cuts Pol and diagon all y and ex tends from Koszal in in the NW to Dobruj a and the mouth of the Dnester
Ri ver to the Black Sea in the SE. Bath ym etricall y differentiated , thi s area was, during th e Silurian , cov ered
by an epico ntinenta l sea (POZARYSKI 197 4a, b; TYSKI 197 4). As such, it di spl ayed a varied carbonate- do
lornitic-marl y sed imentation and is richly fossiliferous. Th e epico ntine nta l sed ime ntation embraced the
present-day eastern part of the Baltic Sea with Silurian dep osit s cro ppi ng out on se veral islands, e.g.
Gotl and (BASSETT et al. 1989), Saaremaa or Hiiurnaa , and also Western Estonia (EINASTO et al. 1980;
KALJO et al. 1970,1977,1 991 ; KALJO 1971 ; NESTOR and EINASTO 1977, 1982 ), Lithuania (PASKEV ICIUS
1979, 1986), Latvia (ULST 196 8), NE Poland, Bel aru s, and Volhyni a and Podolia (KRANDIEWS KI et al.
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The facie s be lts of the western margin of the EE P (Upper Wen lock time) .

After EINASTO et al. ( 1986) , mod ified.

1968; TSEGELNJUK 1983a, b) where the presence of Silurian rocks has been recorded in numerous
boreholes (Fig. 2).

One of the world's most beauti fully exposed Silurian rocks of the same epicontinental basin can be
found along the north bank of the Dnester River and its tributaries in Podolia (NIKIFOROVA et al . 1972)
(Fig. 3).

Towards the SW, the East European Platform marginal zone features an abrupt overdeepening, formin g
a slope. The epicontinental basin becomes a deep-water one connected to the NW with the SE branch of
the Caledonian geosynclin e. The entire basin displays a predominantly continuous argillaceous-marly
sedimentation. The planktonic graptolite fauna s amassed in these sediments are abundant and continuous
as to allow a study of their phylogeny and astogeny (TELLER 1969).
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The deep-water zone forms a fairly narrow belt parallel to the TT. lineament. Throughout the
epicontinental area and the deep-water basin situated on the Platform slope, Silurian deposits did not
undergo folding at the Caledonian time, the only folded structures having been encountered in the
elevated foreland of the EEP in the Koszalin-Chojnice belt (TELLER and KOR EJWO 1968b; MODLINSKI
1968, 1982; DADLEZ 1974a, c) and also encountered in several boreholes in the SE (TELLER 1964;
TOMCZYK 1968) (Fig. 1).

STRUCTURAL FACIAL REGIONS

In the Palaeozoic, the marginal zone of the Epigothic EEP was fairly labile, which accounted for
a considerable differentiation of the morphology of its crystalline basement and also of the sedimentary
cover (POZARYSKI 1974b). The Silurian Sea was a continuation of the Cambrian basin, limited on the N
and NE by the crystalline Baltic Shield and on the SE by the Ukrainian Shield. The bathymetric conditions
prevailing in the extensive and calm basin together with a moderately warm climate contributed to the
development of a rich and varied organic world . This facilitated a detailed stratification of the sediments,
permitting a reconstruction of the basin's history and compilation of litho- and biostratigraphic schemes
instrumental in interregional correlation.

NE of the TT lineament, one can distinguish several negative and positive structures that had a strong
impact on the development of the sediments and fauna in that region (TYSKI 1974 ; POZARYSKI 1974b)
(Fig . I) .

The largest is the well-recognized Peribaltic Syneclise. It includes Latvia, Lithuania, part of SW
Estonia, a small section of N and NW Poland which stretches from Koszalin to the Okragle Lake in the
east, via the Leba Elevation, the Gdansk Bay, and a narrow belt running from Elblag . That narrow strip
forms the southern limb of the Peribaltic Syneclise in that area .

The Silurian sediments of the eastern part of the Syneclise (Estonia, Latvia, Lithuania) are described,
especially by Estonian geologists , as the East-Baltic Silurian forming part of the East-Baltic Sedimentary
Basin recognized there (EINASTO et al. 1986 ; KALJO 1971; KALJO et al. 1970 ; KALJO and JURGENSON 1977).

Within the Polish part of the EEP slope, as well as in the more shallow parts of the Peribaltic Syneclise,
it is possible to distinguish larger and smaller structures of the second order. Some authors (ZNOSKO 1962,
1963,1964, 1965, 1970; ZNOSKO and PAJCHLOWA 1968; TYSKI 1974; POZARYSKI 1974a, b) associate the
structures with the Caledonian movements, whilst others (VASILIAUSKAS 1965; SUVEJZDIS 1968) ascribe
them to the Variscan movements. Among the most important structures are the Leba elevation, the
Masurian-Belarussian AntecJise, the Podlasie Depression, and also a number of smaller uplifts and
depressions in the SE Lublin Region and in Southern Podlasie (Fig . 1).

The epicontinental Silurian of the marginal zone of the EEP also features two main sedimentary basins,
each having a different configuration. These are the East Baltic and Podolian Basins (EINASTO et al. 1980)
(Fig. 2).

The East Baltic Basin cut deeply into the Fennosarmatian continent forming an open bay whose Nand
NW shores marked the S slope of the Baltic Shield and the NW slope of the Ukrainian Shield, respectively.
This basin was an extension of the Central European Caledonian geosyncline tapering out towards the
East.

On the contrary, the fairly narrow Podolian Basin extended almost meridionally, running parallel to
the SW margin of the crystalline Ukrainian Shield. It descended rapidly south-westerly to become an open
sea (EINASTO et al. 1980).

Connected with the same marginal epicontinental sea, both the basins basically developed along the
same lines. There was a considerable difference, however, in that the Early Silurian transgression began
in the East Baltic Basin as early as the Middle Llandovery, whil st in the Podolian Basin it did not start
until the onset of the Wenlock. Similarly, the Late Si1urian regression, which in the East Baltic Basin was
recorded as early as the Late Silurian (Pfidoli), does not appear in Podolia until the Early Devonian (the
Dniester Formation) (EINASTO et al. 1980) . A transition zone between the two basins has also been
confirmed by boreholes in eastern Poland (TOMCZYKOWA and TOMCZYK 1979).
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The East Baltic Basin (Latvia, Lithuania and the SW part of Estonia) (Fig. 2). - Thanks to natural
exposure s in W Estonia and on Saaremaa and Hiiumaa islands, as well as to numerous boreholes drilled
in Estonia, Lithuania and Latvia, the basin has been well described (EINASTO 1986 ; EINAsTo et al. 1980;
KALJO et al. 1970; NESTOR 1994; PASK EVICIUS 1979, 1986 ; PASKEVICI US et a!. 1994 ; ULST 1968; GAJILIITE
et al. 1967). Throughout the entire Silurian, highly favourable living conditions existed for the continuous
development of fauna. Thi s made pos sible the execute a grapto lite-based orthostratigraphic subdivision
that could be further correlated with the areas featuring the predominance of argillaceous facie s (PASKE
VICIUS 1986). Orthostratigraphic subdivisions based on conodonts, ostracods and ichthyofauna allowed,
in turn , the more shallow facie s of the basin to be connected and correlated with the regions farther West
and South (the Podolian Basin).

Bath ymetric analysis permitted three regions to be distinguished in the basin (KALJO et al. 1983). They
are:

I) The shelf showing a predominance of various carbonates and distinctly subdivided into three
macrofacial zones with a specific rock and faunal composition.

2) The gentle slope of the cry stalline basement with prevailing muddy-carbonate-terrigenous rocks;
the top part is dominated by calcareous marls containing numerous concretions and intercalations of
detrital-muddy limestone, whil st in the lower portions, marl s are fairly uniform.

3) A depression area featuring basically muddy-terrigenous facies and occupying the deepest central
part of the basin. The rock is predominantly dark grey bituminous laminated horizontal claystones
interbedded with marl s (NESTOR and EINA STO 1977; KALJO et al. 1970 ; EINASTO, et a!. 1980 ; KALJO and
JURGENSON 1977).

According to KALJO et a!. ( 1983), there were three basic stages of sedimentation each strongly
influenced by tran sgression s and regression s, changes in climatic and alimentation conditions, extent of
terri genous material tran sport, tectonic development, and fin ally through the rate of sedimentation. The
first stage was of a limited duration, namely from the Early to the Middle Llandovery. It was characterized
by a limited supply of terrigenous material and a rapid deepening of the basin. The second stage, which
began in the Late Llandovery and lasted until about the end of the Ludlow, displayed a fairly intensive
mudd y-carbonate sedimentation in the open shelf area, a marly-muddy type on the slope, and a muddy
one in the deeper part s of the basin. The third stage is associated with the late st Silurian - the Pfidoli ,
and extends into the Early Devonian. During that time the sedimentation of terrigenous material was quite
intensive due to the Caledonian orogenic mo vements to the North.

The Podolian Basin (Fig. 2). - Th e Basin belonged to the same epicontinental area which, in the
Silurian, stretched along the marginal zone of the EEP. Connected with the East Baltic Basin via E Poland,
Belaru s, Lithuania, and Latvi a, the Podolian Basin can be easily distinguished as a separate one (EINASTO
et al. 1986) by its position on the platform, its facial zonation and also by the timing of the Early Silurian
transgression and the Late Silurian regression.

On the western slope of the Ukrainian Shield, the Podolian Basin displays a predominance of
carbonate-marly deposit s interbedded with dolomites. They contain rich, diverse and adequately studied
benthic fauna. Where the slope of the EEP plunged and the sea became deeper, clayey-marly and
clayey-muddy sedimentation prevailed, yie lding abundant faunas (TsEGELNJU K et al. 1983b; KOREN' et
a!. 1989).

Silurian deposits are conspicuously expo sed alon g high escarpments (100-200 m) of the north bank
of the River Dnester flowin g in a deeply cut valley and along its north tributaries. Stretching for about
100 km, between the villag es Naddnestrovka in the East and Dne strovoe in the West , the out crops reveal
Cretac eou s and Tortonian deposits 30 to 50 m thick.

Due to the monoclinal aspec t o f the layer s and their gentle 1_2 0 dip , toward s WSW, the old est deposits
are exposed in the East, and the younges t, in the West (NIKIFOROVA et al. 1972; TSEGELNJ UK et al. 1974).

The Silurian deposits disconformably overlying the Ordovici an rocks, are in turn, overlain by a con
formable and continuous sequence of marine Early Devoni an terrigenous-carbonate sediments. According
to some estimates (NIKIFOROVA et al. 1972), their thickness atta ins 370 m, whil st other authors (TSEGELN
JUK et al. 1983b) suggest a thickness as high as 471 m.

The Podolian section (Fig. 3) features a complete sedimentation cycle starting with a marine transgres
sion in the Early Silurian (Late Llandovery) and ending in a regression and replacement of the marine
conditions by the continental ones in the Early Devonian (NIKIFOROVA et al. 1972 ; PREDTECHENSKY et al.
1983). Carbonate deposits prevail throughout the cycle, with dolomites, some barren or Red Beds also
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Silurian key section of Podolia outcroping along the Dniester tributaries.

After 0 .1. NIKI FOROVi\ et al. (1972) and T .N. K OREN' et al. (1989), modified.

occurrin g at different stratigraphic levels. All this is suggestive of a considerable mobility of the sea
bottom, including the possibility of breaks in deposition . However, on the basis of the continuity of the
fauna (N IKIFOROVA et al. 1972), a break in sedimentation seems unlikel y.
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The western part of the Peribaltic Syneclise (Fig. 1). - Numerous structural boreholes and those
for oil and gas prospecting drilled between 1960 and 1980 revealed, under the Permian cover, an erosional
surface of Silurian deposits varying in age. They were either partly penetrated or bored through. The
thickness of the Silurian rocks ranges from about 300 m in the East, in the southern limb of the Peribaltic
Syneclise (the Goldap IG-I borehole), to about 3300 m in the western part (the Slupsk IG-l borehole)
(TELLER 1969; TOMCZYK 1968) .

The extreme west of the Syneclise featuring a fairly sudden overdeepening of the Silurian Basin that
developed in the marginal zone of the EEP, is dominated by clayey-muddy facies with subordinate
carbonate interbeds. Silurian depo sits rest on an uneven Late Ordovician surface of the epeirogenic
Taconian phase. The chief faunal elements are graptolites which serve as the basis for biostratigraphic
subdivision (TELLER 1964, 1969; URBANEK 1966, 1970), although Late Silurian (Ludlow, Early Pfidoli)
deposits in the region of the epicontinental facies development (the Leba Elevation and further East) also
yield an abundant benthic fauna instrumental in achieving a more accurate biostratigraphy (MARTlNSSON
1964; TOMCZYKOWA and WITWICKA 1972, 1974; ZBIKOWSKA 1973a, b).

The onset of the Llandovery Series is marked by the deposition of graptolite-bearing black claystone
interbedded with a barren grey-green variety and having thin intercalations of dolomitic limestone with
scarce brachiopods. In some parts of the basin, interbeds of unfossiliferous red-brown claystone are found .
The thickness of the series varie s, ranging from 25 m near the Paslek IG-l and Prabuty IG-l boreholes
to almost 70 m in the Koscierzyna IG-l deep boring. This is indicative of a fairly varied relief on the
Ordovician surface. The abundant and well -preserved graptolite faunas provide a complete record of the
Llandovery Series from the acuminatus Zone up to the crenulata-spiralis Zone (TELLER 1969) .

The Wenlock Series is characterized by a uniform and fairly monotonous clayey sedimentation with a
growing local proportion of carbonates. The deposits contain a rich and well-preserved graptolite fauna
permitting the recognition of a complete section (TELLER 1976, 1986) . The thickness of the serie s ranges
between 80-100 m, although in places (the Lebork IG-I borehole) it may reach 150 m. The Wenlock
seems to be a time when the Late Silurian transgression in this area reached its peak, whereas the later
Silurian tend s to have a regressive character.

The Early Ludlow (Gorstian) Series is a continuation of the Wenlock clayey sedimentation, but there
is a distinct interval between the two marked by a crisis in the graptolite fauna when almost all Wenlock
representatives become extinct and new lines appear. Thi s event has a global range and is recorded in
every better known section the world over (JAEGER 1991; KOREN ' and URBANEK 1994). The postcrisis
dynamic development of the Gorstian fauna was studied by URBAN EK (1966, 1970) using etched material
from the Mielnik IG-l borehole, the Podlasie Depression. URBANEK established several new graptolite
zone s which were subsequently confirmed not only in other Polish sections but also in a number of coeval
sections throughout the world. The thickness of the Ludlow (Gorstian) Series varie s between 270 m on
the Leba Elevation to 350 m in the Lebork IG-l borehole (TOMCZYK 1968) .

The Late Ludlow (Ludfordian) Series displays a considerable increase in the thickness of the deposits,
800 m at the most , starting from the aversus Zone and embracing vast areas of the western part of the
Peribaltic Syneclise . The muddy fraction becomes more prominent. The graptolite faunas present in clayey
interbeds allow zonal subdivision s from the aversus Zone to the spine us Zone (URBANEKand TELLER, this
volume, p. 35) .

The latest unit of the Silurian, the Pfidoli Series is distinctly regressive, the basin showing signs of
gradual shallowing and general disappearing as a result of the final stage of the Caledonian orogeny. The
clayey-muddy facies gives way to a marly-carbonate one with abundant benthic faunas in frequent
carbonate intercalations, whil st graptolite plankton becomes eliminated.

The western Peribaltic Synecli se, as demonostrated by trilobites and ostracodes (ToMCZYKOWA and
WITWICKA 1972, 1974), contains only the Lower Pfidoli, the absence of its upper part and of Devonian
deposits being probably due to the pre-Permian ero sion.

The southern slope of the western part of the Peribaltic Syneclise can be traced in Poland to the
Lithuanian and Russian borders as a narrow belt extending from the Goldap IG-l borehole in the East as
far as the Zamowiec IG-l borehole in the West. The Silurian deposits recorded here show a greater
carbonate content and reduced thickness. That sedimentation occurred in much more shallow conditions
is evidenced by the presence, in the Early Llandovery, of nodular lime stone overlying Ordovician depo sits
with only a small break in sedimentation. The complex of younger Silurian sediments contains a much
greater proportion of carbonates yielding a rich graptolite fauna. Here again various units of the latest
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Silur ian are sometimes missing; where they do occ ur, marls bea r abundant benthic faunas , es pecially
trilobites, which make careful biozon at ion possible (TOMCZYKOWA 1988).

In thi s reg ion, the development of the Silurian sedimentation is closely associated with fac ial zones
typical of the East Baltic Basin . As a result of the recent Masurian-Suwalki Elevatio n, wh ose Siluri an
dep osit s have been eroded, these zones (Fig. 1) were co nnec ted with the eastern part of the Podl asie
Depression and the Bu g Depression , extending further through Volh yn ia and what is known today as
Podoli a and as far as the Black Sea in the south east.

The Podlasie Depression (Fig . I). - The wes tern Epigothi c EEP was stro ngly res truc ture d during
the Ca ledonian and Variscan times. The megastructures that appeared then had a grea t impact on the
development of the Palaeozoic sedime ntation cover (POZARYSKI 1968). The Podl asie Depression was
formed due to the elevation of the Masur ian-Belaru s Anteclise as late as the Variscan tim e (S UVEJZD IS
1968). The Balti c Synecli se was split into the Peribaltic Syneclise which developed in the Nor th and the
Podlasie Depression situated to the South of it. The Bug Depression and the Lukow-Wisz nica horst
(POZARYSK I 196 8) also appea red at the same time.

Silurian deposit s recogn ized in the Podl asie Dep ression show a considerable fac ial diversit y, as well
as the lack of so me stratigraphic unit s at the base and the top of the series . In the western part of the
Depression (boreho les: Okuniew IG-I , Dobre IG-l , Terebin IG-l , Zebrak IG-l , Siedliska IG-I , and others,
TOMCZYK 1975a, c, d, TOMCZYKOWA and TOMCZYK 1979), var ious parts of the Early Lland overy are
represented by arg illaceous- rnuddy deposit s that ove rlie Late Ordovician deposit s with a Taconian hiatu s.
Their age is well-established due to gra pto lites occ urr ing in all sec tions.

The Ludlow and Pfidoli Series con tinue the argi llaceous-rnuddy sed imentation, althoug h so me parts
have been removed by post-Siluri an erosion. The erosion surface of the Silurian is overlai n by Carbon ife
rous, Permi an, or Jurassic deposit s. The thickness of the Silurian deposits, rangin g within 300-1300 m,
incr ea ses considerably towards SW, es pec ia lly tho se of the Lud fordi an .

The eastern part of the Depression (boreho les: Wrotn ow IG-I , Biala Podlaska IG-I , Terespol IG-l ,
Mielnik IG-I , Stadniki IG-l , Biel sk Podlaski IG-l , and Wid owo IG-I , TOMCZYKOWA 1988) displ ays a
chiefly ca rbonate- rnarly facies, with the base of the sec tion being made up of the most co mplete ly
developed Wenlock and partly Lland overy Series overly ing the Ordovici an stra ta with a sed imentation
hiatu s (PUSHKI N et al. 1991). Abundant graptolites (URBANEK 1966, 1970) and tril obites (TOMCZYKOWA
1988) allow the age to be confide ntly defined .

The Ludl ow is dominated by marly deposits yie lding a ric h gra pto lite faun a which served as the basis
for not only a new zonal subdivision scheme of the se ries (TELLER 1971 ; URBANEK 1963, 1970 , 1971 ),
but also for es tablis hing the presence of a new, heretofore unknown developmental stage of thi s fauna.

The Pfidoli an Series is co mplete only in the lower part , its upp er member havin g been removed by
eros ion. The thickness of the Silurian success ion varies between 9 and 225 m and is incomplete .

Towards SW, the belt co nta ining Silurian deposits tapers out, and, on the Lukow-Wiszni ca horst , they
are co mpletely abse nt.

The Bug Depression (Fig. 1). - In the Bug Depression , Silurian deposits are show n to be present in
deep boreholes: Kapl onosy IG-I , Krow ie Bagno IG-I , Busowno IG-l , Chelm IG-I , Bialopol e IG-I , Narol
IG-l , Terebin IG-l , and Strze lce IG-I ) (TELLER 1964 ; TOMCZYKOWA 1988). So me of the sec tions repeated
ly displ ay the transition fro m the marin e Silur ian to the marine facies of the Early Gedinnian (Early
Lochk ovian ). Argi llaceous- rnuddy sediments prevail , their carbonate-conte nt increasing toward s the top .
Thi s is ev ide nced by fine intercalation s of arg illaceous limestone and carbonate nodul es. Complete Si lur ian
sec tions as well as the Early Devoni an developed in the Rhin e faci es (Gedinnian) can be traced on the
basis of abunda nt grapto lites (TELLER 1964; TOMCZYKOWA and TOMCZYK 1979). Apar t from graptolites,
there are abunda nt and diverse benthic fa una (tri lobites, bivalves, cri noids, brachi opods, and others)
(KOREJWO and TELLER 1964 ; TOMCZYKOWA 1975), revealing stro ng ties with the Med iterr anean (Pa lae
otethys) . The unfold ed Silurian of the Bug Depression ex tends south-westwa rdly as far as the TT
lineament , whilst coeval stro ngly fold ed sequences have been discovered on the fore land of the area
elevated by the EEP in the Rud a Lub ycka and Rawa Russkaya boreholes and also in the boreholes near
the city of Lvov. The thickness of the undeformed Siluria n deposits of the Bu g Depression ca n atta in
1100 m.

The East European Foreland (Fig. I). - Penetrated in only a few well s, Silurian deposit s of the TT
lineament zone are assoc iated with the Ca ledo nian struc tura l complex. Thei r folding and, prob ably, parti al
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overthrust onto the rigid platform occured during the fading phases of the Caledonian orogeny (DADLEZ
1967, 1974a , b; ZNOSKO 1962, 1963, 1964, 1965, 1970 ; MODLINSKI 1968 , 1982; TELLER 1969 , 1974;
TELLER and KOREJWO 1968a, b, c; TOMCZYK 1980).

In NW Poland, various fairly thick members of Llandovery, Wenlock and Ludlow depo sits have been
documented as lying below the Devonian, Carboniferous or the Perrnian deposits of the Koszalin-Chojnice
zone (MODLlNSKI 1968; TELLER and KOREJWO 1968a, b, c; CZERMINSKI 1967; DADLEZ 1967 ; HAJLASZ
1967).

In the boreholes of nearby Rugia, however, FRANKE (1967, 1978) and JAEGER (1967) have encountered
a very thick complex of variably dipping Ordovician graptolitic shales.

In Central Poland (the Warsaw Synclinorium), the Caledonian struc tural complex is rather poorly
known (DADLEZ 1974a, b). Silurian sediment s penetrated in several borings attain a con siderable thickness
and must have been depo sited in a geosynclinal basin. How ever, volcanism and intrus ive magmatism are
lacking, and there are no signs of Caledonian movements. The presence of Upper Silurian folded deposits
has also been recorded in the extreme SE Poli sh part of the T.T. lineament, in the Ruda Lubycka borehole
(TOMCZYK 1962; TELLER 1964), and also not far away, but already beyond the Poli sh border, in the Rava
Russkaya well.
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Thi s series, reco gnized over a vast area of the Poli sh part of the East European Platform (EEP),
represent s a fairl y uniform, horizontall y lyin g complex of clay stones (LANGIER-KuZNIAROWA 1976 ) with
carbo nate intercalations. It is only in the eastern ex tremity of the Peribaltic Syneclise (Lake Okragle IG-I
borehole) and in the eas tern Podlasie Depression (boreholes : Kaplonosy IG-I , Mielnik IG-1 , Parc zew
IG-1 , and others) that marl y-dolomitic-carbonate sedime nts prevail (JAWOROWSKI 1965 ; JAWOROWSKI and
MODLl NSKI 196 8; TELLER 1967 , 1976, 1986 ; TOMCZYK 1968, 1976; TOMCZYKOWA 1983 ).

The description of the series is almos t completely based on the rich gra ptolite faun a encountered in several
boreholes (TELLER 1969). The SW Peribaltic Synecl ise features, in sedime ntary continuity above the late
Lland overy, grey limy claystones in which the prop ortion of carbonate material incre ases towards the top .
Thi s is especially marked by intercalations of grey mudd y limestones up to 20 cm thick. Th e thickness of
the ser ies attain s 148 m (the Lebork IG-l borehole TOMCZYK 1968). There is no sedime ntary hiatus bet ween
these depo sits and those of the overlying Gorstian stage of the Ludlow Series. The more shallow parts of the
epicontinental basin are dominated by marly-carbonate facies (boreholes : Lake Okragle IG-I and Goldap
IG-l , TOMCZYK 1964; MODLlNSKI 1974) whil st in the eas tern Podlasie Depression (boreholes : Mielnik IG-1 ,
Bielsk Podl aski IG-l , Widowo IG-I , Terespol IG-l, and others TOMCZYKOWA and TOMCZYK 1979 ) marly
claystones, limeston es, and dolomit es containing benthi c faun a are more characteristic. Th eir thickness varies
between 40 and 60 m. They overlie the early Ashgill ian with a hiatu s in sedimentation (MODLlNSKI 1973 ),
attributable to the Taconian phase (MODLlNSKI 1967 ; BEDNARCZYK 1968).

Th e neritic faci es were conected via Belarus with Lithuan ia and Es tonia in the north , and via Volh yni a
with Podo1ia in the south (KALJO and JURGENSON 1977 ; KLAAMAN and EINASTO 1982). It is believed that
in the Wen lock, the tran sgression on the EEP attained a peak , reach ing far to the eas t and even joining
the Moscow Basin (KALJO 1971 ).

Prevaling in the wes te rn part of the Podlasie Depression and also in the Lublin Region are arg illaceous
facies similar to those recogni zed in the western Peribalti c Syneclize. Th ei r th ickness att ain s 100 m, and
they grade vertica lly into Ludlow deposits, appearantly without a hiatu s in sedime ntation or any changes
in lithology.

Wen lock deposits are also known from the marginal zo ne of the EEP. They have been recorded in the
Wier zchocina-l and 4 boreholes within Koszalin-Chojnice belt. Dark grey claystones with an appa rent
thickn ess of 50 m, and dipping 20- 500

there, were probabl y associated with the Cal edonian Geo syncline
(TELLER 1974 ).

Development of graptoloid fauna. - Am ong the rich graptolite fauna of Wenlock deposit s, the genus
Cyrtograptus plays a special role. However, in addition to the Cyrtograptids, represented by such species
as C. centrifugus BOUCEK, C. insec tus BOUCEK, C. murclzisoni CARR UTH ERS, C. radians TbRNQulsT, C.
ramos us BOUCEK, C. mancki BOUCEK, C. lapworthi TULLBERG, C. rigidus T ULLBERG, C. perneri BOUCEK,
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C. hamatus (BAILY), C. lundgreni T ULLBERG, and C. urbaneki T ELLER (TELLER 1969, 1976), there are al so
representative s of other groups.

Predominant among the species of the genus Mon ograptus are those having thecae of the priodon type,
e.g. M. priodon BRONNGIART, a holdover from the Llandovery which becomes extinct in the Wenlock;
short- liv ed M. riccartonensis LAPWORTH, a marker of the zone of the sa me name; and M. flemingi
(SALTER), present throughout the Wenlock. M. jlexuosus (T ULLBERG) and M. antennularius (MENEGHINI)
are also present, and represent slender forms with a unique the cal character, the second being the marker
of a separate zone . Another numerou s species is M. belophoru s M ENEGHINI, easily recognizabl e thanks to
a very lon g virgella and unu sual thecae of the flemingi type. M. testi s (BARRANDE) (URBANEK and T ELLER
1974; JAWOROWSKI 1965) a di stinctive form, eo-occurs in the late Wenlock, with C. lundgreni T ULLB ERG,
just as it does in other sequences throughout the world, with C. lundgreni TULLB ERG, occasionally forming
ma ss accumulations (TELLER 1986; LENZ and M ELCHI N 1990).

The genus Monoclimacis is represented by numerous spec imens of M. gries toniens is (N ICHOLSON), M.
crenulata TbRNQUIST, M. hemipristi s (MENEGHINI), M. flum endosae (GORTANI), M. zawadensis T ELLER,
and M . vome rina (NICHOLSON). These species have a great vertical range and eo-occur with other index
species (T ELLER 1986).

Representatives of the dub ius group, abundant in the section discussed, are highly conservative. In
successive ma ss reappearances of new populations, and as compared to the preceding forms, it displays
only slight morphological changes, mainly in the thecal apertures.

Retiolitids are characteri zed by grea t abundance and diversity as has recently been shown in Koze o w
SKA'S-DAWIDZIUK studies (1995) . Th e R. geinitz ianus (BARRANDE) and few Pseudoretiolites sp. pass from
the Llandovery into the Lower Wenl ock Series. Th e Sokolovograptids like S. textor (BOUCEK et M UNCH), S.
parens (aBUT et SOBOLEVSKAJ A) are very common in the Middle Wenlock and onl y S. telleri KOZI:.OWSKA
DAWIDZIUK is pre sent in the lower part of this series. Paraplectograptus eise li (MANCK) is known from the
entire Wenl ock, while in its middl e part occ ur a few Pa. sag enus LENZ, a spec ies rel ated to the genus
Pseudoplectograptus. In the Middle Wenlock Eisenackograptus eisenacki (aB UT et SOBOLEVSKAJA) is abun
dant , while in the Upper part of the series appear seldo m Gothograptus pseudospinosus (EISENACK) and G.
obtectus (KOZI:.OWS KA-DAWIDZIUK) . Th e last three species belong to gothog ra ptids, which in the upp er part
of the Wenl ock Series are represented only by G. nassa (HOLM) (KOZI:.OWSKA-DAWIDZIUK 1995 ).

With the exception of the dub ius group and reti olitids, the grapto lite fauna extending to the top of the
C. lundgreni Zone bec omes ex tinc t. Its ex tinc tion is part of a world-wide cris is . Th e two surv iv ing species
und ergo a sudden radi ation in the uppermost Wenlock (JAEGER 1991 ; KOREN' 1979; KOREN' and URBANEK
1994 ), producing a number of new lineage s whi ch, in turn, initiated the development of the Ludlow fauna.

Trends in cyrtograptids (Fig . I ). - Although Cyr tog raptus wa s the leading Wenlock grapto lite , the
knowledge of its ph ylogeny is inadequate, the prevailing v iew being that it had a polyphyletic origin.
Thanks to their cosmopolitan nature and a ch aracteri st ic architecture of the colonies, representatives of
thi s ge nus are highly su ita ble for interregional correlati on s. However, the Polish sections have not , so far,
yie lded any of the uppermost Llandov ery spe cies whi ch , most probabl y, are the oldest representatives of
thi s group. These are C. laqu eus JACKSON et ETH ERI NGTON known from Arcti c Can ad a and Greenland
(JACKSON and ETHERI NGTON 1969 ; BJER RESKOV 1992), C. sakmaricus KOREN' rep orted from the Northern
Ural s (KOREN' 1968), and C. polyrame us Fu et SONG recorded in China (Fu Lr-ru 1985 , 1994).

On e sho uld not rule out the poss ibility that the presence of these species in the above mention ed region s
is attributa ble to pro vin ciali sm, an idea emphasized by M ELCHI N ( 198 9) and LENZ and MELCHI N ( 1990,
1991 ), as we ll as by RICKARDS et a l. ( 1990) . Th e concept of Silurian faunal provin ces, ho wever, seems
to be argua ble, bei ng sti ll an ope n qu esti on (see BJERRESKOV 1992). What is impo rta nt, however, is the
fact that those oldest multiram ou s co lonies gave sta rt in the Wenlock to a burst of devel opment of
Cyrtograptus whose mult idirection al evolutio n we nt o n till the ge nus bec am e completel y extinc t before
the end of the Wenl ock .

Th e Poli sh materi al made it possible to di stin gu ish all the zo nes based on thi s ge nus, from C.
centrifugus BOUCEK to C. lundgren i T ULLBERG. LENZ and MELCHIN (1989) derive Cyrtograptus from the
Mon ograptus turriculatus or closely related line on the o ne hand, and fro m M. tullbergi - on the other.
From a very ge neral ana lys is offered by RICKAR DS et al. ( 1977) it follows that there ex ist at least four
lines of development, and perhap s even more. DENG BAO ( 1986), however, deri ve s thi s ge nus directly
from the Okta vites spiralis (GEIN ITZ) line or the M. planus (BARRANDE) line, a suggestio n discounted by
LENZ and M ELCHIN ( 198 9) on the ba se of di stinct morphological differ ences.
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Fig. I
Tentative phylogeny of cyrtograptids: A- E main tre nds in morph ological evo lution. further explanations in text.

Am on g the elements of the co lony co mmon to all represen tatives of the genus and sho wing a tendency
to change, the degree of coiling of the pro xim al part o f the procl adium should be ment ioned. This feature
is most strong ly pronoun ced in the ear lier forms coming from the uppermost Llandovery, their tro chosp iral
procladium involving 3-2.5 coi ls (c. sakma ricus, C. solarisi .

In Low er Wenlock forms, the number of co ils decreases to 1.5 in C. centrifugus and 1.25 , in C.
murchisoni (Fu LI-PU 1985 ; Huo SHI-CHENG et al. 1986; Huo SHI-CHENG and Fu Lr.r u 1981 ; Huo
SHI-CHENG and SHU DE-GAN 1981). Full heli ces in the proxim al part , but plani sp iral or low trochospiral
shapes in the horizontal plane are di spl ayed by C. laqu eus, C. multiram is, C. radialis, and C. ramosus.

Many spec ies, beginning with M. polyrameus in the late Lland overy, and on to C. falca tus, c.
lapwortlzi, C. mancki , C. rigidu s, C. perneri , and C. hamatus to as late as C. lundgreni in the uppermost
Wenlock, show a stable tend ency tow ard s stra ightening and graci liza tion of the pro xim al part .

Thecal cl adi a constitute another e lement illustrating the colony development. Vari ation is ex pressed in
their number and rate of app earance. For many species this is an important diagnostic feature (TELLER
1994).
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Of great importance also are changes in thecal characters. These include the shape of the thecae (hooked
or straight), their being isolated or overlapping one another, the shape and morphology of the aperture,
e.g. the presence or absence of apertural processes, and also a distinct bimorphism or even trimorphism
(T ELLER 1994).

One more important character is the 180
0

torsion of the procladium accompanied by a shift of the
thecae from their primary position so that the ventral side becomes inwardly oriented.

On the basis of the above characters one can assign the species recognized so far to several groups
which could be regarded as separate stocks.

The first group (A) would include the late Llandovery forms, C. sakmaricus (A2) and C. solaris (A3) ,

together with early Wenlock C. centrifugus (A4) . They share the folowing characters: trochospiral coiling
of the proximal part, a similar type of thecae, and progressive reduction of thecal cladia. This group might
have derived from M. turriculatus (A,) (MELCHIN and LENZ 1986; LENZ and MELCHIN 1989).

The second group (B) which, according to the present author, comprises C. polyrameus (B2) , c. laqueus
(B3), c. murchisoni (B4), and C. ramosus (Bs), displays an incomplete or closed planispiral coiling of the
proximal part, a fairly simple thecal morphology, and thecal cladia budding at varying distanses from one
another (BJERRESKOV 1975 , 1992; LENZ and MELCHIN 1989, 1991 ; LENZ 1978). The presence of the cladia
of the second [c. laqueus (B3) , C. murchisoni (B4) ] , or third [c. murchisoni (BOUCEK 1933)] order is another
important character of this group. In C. laqueus this feature is expressed in the second cladium alone (LENZ
1978), while in C. murchisoni it is much more common (BOUCEK 1933).

It cannot be excluded that the earliest representatives of the second group constitute a continuation of
the Llandovery monograptids from the Okta vites planus lineage (O ENG BAO 1986).

The third (C) group, represented by multiramous forms typical of the late Wenlock, are C. multiramis
(C,), C. man cki (C2) , and C. radians (C 3) . Their distinguishing feature is planispiral coiling of the proximal
part with an insignificant shift in the horizontal plane; they also have a similar though morphologically
more simplified type of thecae and a larger number of cladia. In an extreme case, as e.g. in C. radians,
cladia bud from each successive theca. The forms composing this stock may be a continuation of the early
Wenlock representatives assigned to the second group (BOUCEK 1933).

The fourth group (0) represented by C. lapworthi (03) and C. inse ctus (04) comprises those forms
whose proximal part is coiled planispirally, whose thecal morphology resembles that of the first group
and whose cladia are considerably reduced. No more than two or three cladia are present as a rule (BOUCEK
1933). Both forms may have derived from the same stem, i.e . from Monograptus decipiens as suggested
by MELCHIN 1989 (0,), but they could also be a continuation of two independent lineages, M. decipiens
(0,) and M. flagellaris TbR NQUIST (02).

The fifth group (E) is meant to contain all the forms with a straightened or only slightly coiled proximal
part, triform thecae, and no more than one thecal cladium (with the exception of C. lundgreni (E6) that
may have up to three) . Thecal cladia bud at an early stage of the astogeny following the appearance of
5-10 thecae on the procladium which undergoes torsion immediately afterward . The group may include
C. [alcatus (E2) from the late Llandovery (LENZ and M ELCHIN 1991), C. rigidus (E3) , c. perneri (E4) , C.
hamatus (Es), and C. lundgreni (E6) . The ancestry may be seen in Llandovery monograptids from the
tullbergi (El) (LENZ and MELCHIN 1989) or fla gellaris (02) lineages.

A 180
0

torsion of the procladium axis, so typical of the genus Cyrtograptus, accompanied by a shift
of the thecae from the external po sition to the internal side seems to be a regularity in all the species, the
differences being in the stage of the as togeny at which these changes might occur.

In many cyrtograptids thecal cladia appear in a rapid succession, budding from every second, every
third or every fourth theca. They may also be irregularly spaced at fairly large intervals . In such forms
the torsion of the axis is delayed until after the appearance of the last cladium, that is until the colony
attains the stage of maturity. In all those forms which have either only one thecal cladium or two or three
cladia spaced wide apart, however, the procladium torsion comes after the appearance of the first cladium,
involving 3-7 thecae (BOUCEK 1933; LENZ 1978,1988; LEN Z and MELCHIN 1989; TELLER 1994).

Rhabdosome torsion is also known in several species of the Llandovery monograptids . This phenome
non has been recorded in M. decipiens volens PRIBYL et M UNCH, and M. minutus from the minor Zone,
and also in M. flagellaris TbRNQUIST, M. proteus (BARRANDE), M. tullbergi BOUCEK from the crispus and
griestoniensis Zones, and M. spiralis excentricus BJERRESKOV from the gri estoniensis and sakmaricus
Zones (BJERRESKOV 1975 1992; LENZ 1978, 1988; LENZ and MELCHI N 1989; TELLER 1994).

The torsion of the procladium is hard to understand and interpret. Since thi s feature is present in
a number of Llandovery monograptids, it seems reasonable to as sume that it was a genetically determined
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trait. The presevation of torsion in cyrtograptid colonies with their extremely complex architecture as well
as in some monograptids, may point to a connection with the colony hydrodynamics, especially in the
forms with only a few thecal cladia.

In the last-mentioned forms, the torsion of the axis might have contributed to the buoyancy of the
colony in the water column; it could also have increased the depletion zone of individual specimens within
the colony. In multiramous colonies branching of thecal cladia takes place in a rapid succession.This
explains why these rhabdosome fragments might have been to short to provide enough space for both
torsion and corresponding changes of thecal characters.

A multiramous colony occupied a large space in the water column and was well balanced, and the
feeding depletion zone of its individuals was great Therefore it would be difficult to find objective
prerequisites for such an overall colony shape except for its adaptive significance.

The assignment of the cyrtograptid species recognized so far to hypothetical groups represents no more
than a tentative picture of the genus development. However, it can be assumed with a high degree of
probability that the genus had a polyphyletic origin. Its possible ancestors may be seen amongst Llan
dovery monograptids. A better understanding of the adaptive radiation of this group at the close of the
Llandovery requires further studies.

GRAPTOLITE FAUNAS OF THE LUDLOW SERIES

Studies on the subsurface Silurian of the East European Platform have contributed to a better know
ledge of the graptolite faunas of what was known as the Lower Ludlow in classical literature (WOOD
1900). TOMCZYK (1962, 1968) introduced the name Mielnik Beds for a series of strata roughly equivalent
in their stratigraphic position to the former Lower Ludlow of British stratigraphers. This informal unit,
which was subject to a number of re-definitions (as Formation or regional stage - the Mielnikian),
represents a convenient subdivision for the local study of graptolite faunas (URBANEK 1966) . One of the
reasons is its close correspondence to the natural intervals in the development of monograptid faunas,
a feature not shared by the internationally recognized subdivision of the Ludlow Series into the Gorstian
and Ludfordian Stages (see HOLLAND 1989). By delegating the Leintwardine (an equivalent of leintwar
dinensis Biozone) to the latter Stage, this subdivision sets the stratigraphic boundary across the continuous
lines of graptoloid evolution. For this reason, we follow a compromise when discussing the development
of graptolite faunas in the EEP; we present first the problem of Wenlock-Ludlow boundary in the light
of the studies made on the Polish part of EEP, then we discuss the recent interpretration of the nilssoni
Zone as the base of the Gorstian stage as presently understood (LAWSON and WHITE 1989), and finally
we discuss the Gorstian to leintwardinesis Biozone interval and the post-leintwardinensis interval.

The problem of Wenlock-Ludlow boundary in the EEP. - The interval in question is inadequately
recognized in the Polish part of the EEP, but the best insight can be found in JAWOROWSKI'S (1965) study
based on Bartoszyce IG-I and Goldap IG-I deep borings, situated in NE Poland (the Lithuanian depress
ion) . He established a detailed succession within the critical interval of the C. perneri-G. nassa Zones,
focusing on the faunal changes in the last representatives of the diversified lundgreni-testis fauna. While
locally, C. lundgreni appears considerably earlier than Monograptus (Testograptus) testis, their extinction
is coeval. Therefore one can distinguish the lundgreni/testis cenozone, although, there is no basis for
distinguishing a separate testis Zone, at least in the region under study. As the top of the lundgreni Zone
coincides with the extinction of cyrtograptids and hooked monograptids of the priodon-flemingi group,
JAWOROWSKI (1965) proposed drawing the WenlocklLudlow boundary at this horizon. He followed at the
same time, the classical approach introduced by WOOD (1900).

Beds overlying the lundgreni Zone abound in Gothograptus nassa accompanied by Pristiograptus
dubius and related pristiograptids. Plectograptus sp. is known to appear in the lundgreni Zone and
continues into the nassa horizon .

The idea that the lundgreni faunal turnover, in one way or other defines, the Wenlock-Ludlow boundary
has always been widely accepted by Polish stratigraphers (TOMCZYK 1962, 1970; TELLER 1969; TOMCZYKOWA
1988; TOMCZYK and TOMCZYKOWA 1980). The boundary in question was usually placed between the lund
greni Zone and the nassa Zone, the latter being considered the earliest unit of the Ludlow Series.
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Further studies resulted in a revision of WOOD'S (1900) classical standpoint. The Wenlock-Ludlow
boundary in the type area was shifted upwards. The nassa and ludensis biozones were included in the
Wenlock as its Homerian Stage, M. ludensis being now considered the senior synonym of M. vulgaris
(HOLLAND, RICKARDS, and WARREN 1969). Correspondingly, the Ludlow Series began with the nilssoni
Zone. These stratigraphic conclusions were accepted by Silurian Subcommission (HOLLAND 1989).

These stratigraphic and nomenclatorial decisions were met with a sharp criticism of JAEGER (1991 : pp.
311-313), supported by URBANEK (this volume, p. 102). As the role of the ludgreni Event is now generally
recognized (JAEGER 1991; KOREN' 1994; KOREN' and URBANEK 1994; KOREN' and SUYARKOVA 1994 ; LENZ
1993a, 1994a) and the principles of event stratigraphy are gaining wider understanding, a return to the
earlier definition of the Wenlock-Ludlow boundary, seems fully justified. In our opinion this problem
deserves to be reconsidered by the Silurian Stratigraphic Subcommision.

The borehole sections with complete coring (such as Zarnowiec IG-I, Prabuty IG-I, Paslek IG-I ,
Lebork IG-I , Bartoszyce IG-I, Goldap IG-I and some others) feature unbroken sequences across the
lundgreni-nassa turnover interval. Unfortunatelly, the faunal assemblages above the lundgreni Zone are
inadequately known and have not been properly studied. The horizon yielding nassa is distinct and usually
thick, and can be easily traced over wide areas within otherwise monotonous clayey-muddy sediments.
TOMCZYKOWA (1988: p. 26; see also JAEGER 1991) reported, however, that the appearance of G. nassa is
systematically associated with a change of lithofacies (an abrupt increase in carbonate content). According
to TOMCZYKS ' (personal communication) this carbonate-rich bed provides a marker horizon which may
easily be traced over the distance of hundreds of km by geophysical sounding. The details of this most
intriguing observation have not been published yet. Moreover, one of us (L.T.) has analysed geophysical
data on some boreholes, and could find no distinct anomaly, which could be related to the above described
marker horizon. This matter evidently needs further consideration.

Progress in the ongoing studies on the critical interval (KOZLOWSKA-DAWIDZIUK), based on isolated
material from Bartoszyce IG-I and some other borings, might soon supply crucial data concerning the
graptolite sequence between the nassa Zone and the ludensis Zone in the Polish part of the EEP. As yet
no index fossils of this interval have been recognized yet (see Table I).

A new interpretation of the nilssoni Zone and the significance of the linograptid trend. - The
studies on three-dimensionally preserved graptolite remains from Baltic erratic boulders and Mielnik IG-I
core-samples (EEP) have revealed a number of new details concerning Neodiversograptus nilssoni (BAR·
RANDE) (URBANEK 1954, 1958; JAEG ER 1959) . Monograptus nilssoni was known as an important index
species of a graptolite zone , defining the basal horizon of the Gorstian in the recent stratigraphic classi
fication. More detailed studies of the morphology and stratigraphic occurrence of early Ludlow graptolites
have revealed, however, that this name enveloped two different, albeit superficially similar species,
distinguished primarily as "nilssoni A" (true nilssoni) and "nilssoni B" (URBANEK 1963). While the true
nilssoni, representing an early linograptid specialization, should be assigned to the genus Neodiversograp
tus, "nilssoni B", later recognized as an independent species Lobograptus progenitor URBANEK, may be
placed in the cucullograptid lineage. An unusual overall similarity between N. nilssoni and L. progenitor
could be explained as the result of an incipient divergence from a common ancestral species. This ancestral
species was later identified as "Monograptus " sherrardae SHERWIN, 1974, from the pra edeub eli Zone of
the Homerian (KOREN' 1992b; KOREN' and URBANEK 1994). Although representing quite different trends,
both species were closely related sharing a number of common (synapomorphic) traits , inherited from the
common ancestor, in turn closely related to Pristiograptus dub ius. That is why many previous records of
N. nilssoni were incorrect as the specimens actually belonged to L. progenitor.

The redefinition of N. nilssoni and of the eponyomous zone was confirmed by PALMER (1971) for
the British Isles and later applied to more remote territories (e.g ., Central Nevada, BERRY and MURPHY
1975) .

The material from the EEP and from the Baltic erratic boulders provides evidence for an early origin
of the linograptid trend and enables one to understand the early phases of the linograptid phylogeny,
namely the gradual transformation of N. nilssoni into a more advanced Neodiversograptus beklemishevi
(URBANEK 1963) which occurred in the parascanicuss-scanicus Zones. N. beklemishevi displayed an
ability to generate more than one sicular cladium which foreshadowed the multiramous conditions char
acteristic of Linograptus posthumus. The last named species appeared at the top of the leintwardinensis
Zone representing a long-lasting taxon which attained its species-specific features during the Ludfordian
time (cf. URBANEK, in this volume). L. posthumus as traced during the Pfidolian was subject to only minor
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changes in a number of cladia (JAEGER 1969). Its characteristic organ, the virge llarium, was obse rved for
the first tim e by TELLER (1964) in Pfidoli an linograptids from the Chelm IG-I boring (E EP), altho ugh
this struc ture must have been acquired ear lier (we ll before the latilobus Zone, that is by the end of the
early Lud fordian. Thi s ass umption was recentl y co nfirmed by STORCH (1995), who found L. posthumus
posthumus provided wit h virge llarium in the kozlowskii Zo ne of Barrandi an .

After having eme rged in the N. nilssoni Zone, the linograptid trend co ntinued its directional evolutio n
to become exti nct as late as the M. praehecynicus-hercynicus Zone. During this co nside rable tim e-span
it und erwen t remark abl e changes which, evaluated taxo nomically, led to the or igi n of three ge nera
tNeodiversograptus, Linog raptus, and Abiesgraptus). Exce pt for the late (ter mina l) diversifi cation of
Abiesgraptus into a number of eo-occurring species (unknown fro m the EEP ), the bulk of the lineage was
represent ed by sequential spec ies (chronos pecies), repl acing eac h othe r in tim e. In th is sense linogr aptids
are unique, as they co nstitute a single line of descent in which large macroevolutionary effects were
attai ned due to phyletic evo lution (see URBANEK, thi s vo lume, p. 235).

Ap art fro m N. nilssoni, linograptids have a minor stra tigra phic significa nce, being represent ed by either
rather rare (N. beklemeshevii or long-lasting (L. posthumusi spec ies . They, however, represent a unique
gro up of truly pelagic mon ograptids with a sophisticated co lony pattern and severa l striking contrivance s,
e.g. virge llar ium, and multiple budding from the sicula.

The above picture of faun al diversit y in the nilsso ni Zo ne has been recentl y completed by the study
of RICKARDS et al. ( 1994) on grapto lite fauna of the Quarry Creek district in New So uth Wales (Austra lia).
Along with the cos mopo litan elements, wh ich enabled the recognition of nilssoni and progeni tor Zone,
a number of ende mic eleme nts were found. In the former zone they are represented foremost by early
multiramou s forms, ass igne d by RICKARDS et al. (1994) to Linograptus (L. orangensisi, as we ll as by
transients between lobograptids and true bohem ograptids tBohemograptus urbanekiy, providing new
ev idence for a close relationsh ip between these lineages (see also URBANEK, this vo lume , p. 237). Unusua l,
however is an earlier-than-expected occurrence of advanced lobograptids such as L. simplex and L.
exspec tatus. As observed by RICKARDS, these spec ies have not been seen in nilssoni assemblages else 
where. In my opin ion these strata may represent a you nger horizon , namel y the scanicus band. Moreover,
thei r eo -occurrence with N. nilssoni disagrees wit h the earlier suggested mor phological order of their
evolutio n. Wh ile certain di fferences might be ex pected when co mpa ring sequence s from remo te areas,
Austra lian nilssoni fauna represents a sort of anomaly whic h needs more co mparative studies in order to
be properly evaluate d .
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Fig . 2
Tentative phylogeny of Cucullograp tinae as illustrated by material isolated from the Mielnik IG-I bore hole (after URB ANEK

1966, modified). Diagram shows also the adaptive radiatio n which occurred in relat ively shor t interva l of time from
nonspecialized "s tem" lobograpt ids.
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Fig. 3
Diagram revealing the origin and evolution of apertu
ral apparatus in bilaterally symmetric lobograptids (5
cucullograptids). Note the gradual increase in the size
of apertural lobe until the beak-like termination is

formed (after URB ANEK 1966).
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The Gorstian to leintwardinensis Zone interval. 
Material etched from core samples of the Mielnik IG-l
deep boring (URBANEK 1966) threw a new light on the
composition of the faunal assemblage and the morpho
logy of the species represented within this interval. The
picture of the diversification of the monograptid subfam
ily Cucullograptinae (Fig. 2), the leading element of the
fauna, surpasses all that could be expected from the data
earlier provided by both in situ sequences (described e.g.
by WOOD 1990; BOUCEK 1936 and others) and Baltic
erratic material (especially KOHNE 1955; URBANEK
1958).

The most general feature of the cucullograptid evol
ution is determined by the fact that the group represents
a distinct morphological type which can be termed "oper
culate". The key feature of the group is the presence of
an apertural apparatus made of paired, laterally situated
lobes that, in ancestral forms, are symmetrical and oper
cular in shape (as in Lobograptus simplex URBANEK
1966) .

Further evolution within the group involved enlarge
ment, shape modification and development of asymmetry
in the apertural apparatus, which in all cucullograptids,
is made up of standard fuse liar tis sue.

The overall shape of the cucullograptid rhabdosome
is fairly stable, except for the replacement of the gentle
dorsal curvature of its proximal part (observed in L. pro
genitor and L. simplex and inherited from their Homerian
ancestors) by a practically straight or slightly ventrally
curved rhabdosome. The habitus is very slender and the
entire subapertural portion of the rhabdosome is very
much alike in all Cucullograptinae.

In contrast, the apertural segments of the thecae dis
play great diversification expressed as species-specific
elaborations responsible for the morphological within
the group diversity. However, all these modifications
may be seen as certain variations of a given "Grundplan"
evident in early lobograptids (stem lobograptids, Fig . 3)
and manifested in juvenile growth stages of more ad
vanced species . This basic structure is composed of
paired, symmetrical apertural lobes produced on either
side of the aperture by arcuate fuselli. In L. prog enitor
these lobes represent incipient elevations while in L. sim
plex they are transformed into genuine lobate projections
of the aperture (Fig. 3). Morphological and stratigraphic
data suggest that L. simplex represents a central species of the entire group - a probable common ancestor
to all the five lineages and one side line distinguished within the Cucullograptinae (URBANEK 1966) . The
pattern of differentiation of the ancestral type of the apertural apparatus (as seen in L. simplex) was not
the same in each lineage. There is only one lineage where a progressive elaboration of paired apertural
lobes is combined with the preservation of primary bilateral symmetry (the exspectatus lineage, Fig . 3).
Together with its forerunners, it constitutes the S-cucullograptid morphological group ("S" in the name
stands for "symmetric"). In the majority of the species the enlargement of the apertural lobes was
inevitably connected with the development of some kind of asymmetry. The bulk of species is charac
terized by enlargement of both apertural lobes combined with the hypertrophy of the right-hand one
(R-cucullograptids in URBANEK 1966). In a minor group of species, however, an increase in the size of
the lobes is usually associated with a strong hypertrophy of the left lobe (L-cucullograptids, ibidem).
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The development of asymmetry in the apertural
apparatus of the Cucullograptinae is a remarkable fea
ture of their evolution because the vast majority of the
Graptoloidea remain symmetrical, and except for
a few cases, the principle of bilateral symmetry is
deeply rooted in their entire organization.

The R-trend is represented by two main lineages:
the scanicus lineage and the invertus-cirrifer lineage.
The evolution of the apertural apparatus in the former
(PI. 3: I , 2, Fig. 4) repre sent s a directional change
within a single line of descent. As to the latter lineage,
the initial species L. imitator produced two daughter
species, L. invertus and L. cirrifer. Fig. 5 summarizes
the morphological results of the splitting. However,
one can generalize that the morphological evolution
of the apertural apparatus in R-cucullograptids gener
ated not only enlarged lobes but also some secondary
structures ("superstructures") such as beaks and ada
pertural or apertural plates. Perhaps the most ad
vanced superstructures produced in this group are
elongated paired apertural spines superimposed on the
apertural lobes in L. cirrifer and giving it a bizarre
appearance (Fig. 5).

L-cucullograptids, displaying a hypertrophic left
aperturallobe, comprise the hemiaversus-rostratus li
neage and the pa zdroi side- line (Fig. 6). The deriva
tion of the Izemiaversus-rostratus lineage from L. sim
plex does not present any difficulties thank s to the
presence of a transient link represented by Cucullo
graptus hemiaversus with slightly asymmetric thecae
and whose asymmetry increases distalwards. Cucullo
graptus aversus aversus exhibits a rudimentary right
lobe and a strong hypertrophy of the left one (Fig. 6).
C. aversus rostratus has some new structures added
to the hypertrophic left lobe, e.g. rostral process, gular
plate, etc . (PI. 3: 3-10, Fig. 6). Hence in this lineage
evolution may be described as gradual oriented
change within a single line of descent (phyletic evol 
ution).

The origin of the pa zdroi side-line (Fig s 2, 6,
broken lines and ?mark), however, poses some prob 
lems. Its strongly convex apertural lobes with a fairly
complex internal structure are strikingly different
from those in L. simplex (cf. URB ANEK 1966). There
is a distinct morphological discontinuity between L.
simplex and Cucullograptus pa zdroi. The latter might

have deri ved from the former, subject to quite a radical restructuring of the growth pattern and arrangement
of the fuselli (growth bands). As yet, no transient s are known to fill the morphological gap between the
stem lobograptids and the highly specialized C. pazdroi.

The Cucullograptinae sequence, as recognized in the Mielnik bore core, was used by URB ANEK (1966)
to improve the zonal subdi vision (see Table I) . According to that scheme five zones should be distin
guished above the nilssoni Zone instead of the three in the classical British subdivision. To achieve thi s
higher resolution it is nece ssary to identify cucullograptid species - an unea sy task in the case of flattened
specimens. URBANEK (1966) considered it advisable to use, for this purpose a rather general term
"cucullograptid band" instead of the less accurate but still commonly used designation, the scanicus
Zone .

Fig . 4
Diagram showing the changes in size and shape of aper
tural lobe s within the Lobograptus scanicus line age . Note
the development of the hyp ertrophy of the rig ht lobe
(R-cucullog raptids , after URBANEK 1966). Abbreviation s:
Rt - right (reverse) view , Lt - left (obverse) view, ad 
adapertural plate , ang - ang ular bending of the upper mar
gin of aperural lobe, b - beak-like ventral termination of
the lobe. dn - dorsal node. idn - inci pient dorsal node ,

vn - ventra l node.
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Fig. 5
Diagram showing the morphological change in the size and structure of apertural lobes in an alternative trend of evo lution
within the R-cucullograptids. namely in the Lobograptus imitator-L. cirri/er and L. imitator-L. invertus lineages (after
URBANEK 1966). Abbreviations: dap - dorsal apertural plate, inc - incision of ventral apertural notch, Ipl - rostra l process
of the left lobe. rpl - rostral process of the right lobe. tll - termination of the left lobe . vap - ventral apertural plate. Furthe r

explanations as in Fig. 4.

Besides cucullograptids displaying the operculate adaptive type , the monog raptid fauna of the Gorstian
compri ses representatives of the Saetograptinae (Colonog raptus and Saetograptus ). They also exhibit
a distinct morphological type which may be called "spinose". The presence of paired symmetric lappets
or apertural spines combined with a fairly robu st appearance of the rhabdosome, is a highly characteristic
feature of the group.

The earlier repre sentatives from the nilssoni Zone are usually assigned to Colonograptus PRIBYL. This
genus includes species with rather broad ear-like paired and symmetric apertural lappet s (e.g. in C.
roemeri ). Such species may be derived directl y from the conservative dubiu s stock though some transient
links repre sented by pra edeubeli and ludensis (= vulgaris). Convincing eviden ce for this phylogeny was
presented by J AEGER (1978a, 1991) and K OR EN' (1992b).

The proposed evolutionary series featur es a gradu al development of the lobes from incipient elevations
observed in C.? praedeubeli to large lappet s seen in C. roemeri (increased expre ssivity) as well as
a growing number of thecae equipped with lobes (increased penetrance from C.? praedeubeli to C.
roemerii .

U RBANEK (1960) suggested that broad apertura l lappets of Colonograptus were subject to partial
reduction and transformation into narrow spines charateristic of Saetograptus PRIB YL. Such structures
prevail in the middle and upper part s of the Gorstian (the scanicus to the leintwardinensis Zone) and
morphological transient s between these two extreme structural types can be observed. Hence , Saetograptus
may be deri ved from Colonograptu s assuming the modifi cation and distal spreading of the aperturallobes.

This view was criti cized by J AEGER (1978a: pp. 43-48) mainl y becau se of the structura l differences
between the apertural spines in C. colonus and S. chimaera as well as because in the latter these spines
are spread along the entire length of the rhabdosome. Thu s the transformation of colonus into chimaera
would require not only the distal spreading of the ancestral type of apertural spines (as postulated by
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Cucullograptus aversus aversus (Eisenack)

Lobograptus simplex

Fig . 6

Evo lutionary changes in size and sha pe of apertura l apparatus within Cucullograptus , represe nting the L-cucull ograptid trend
(after URRA NEK 1966). While the phy letic evo lution in C. hem iaversus- C. {/\ 'erSII S lineage invo lved gradual changes, the
or ig in of C. pa zdro i implies a rap id transfor mation . Ab brev iations : D - dorsal view , V - ventra l view . Furt her explanatio ns

as in Figs 4 and 5.

URB AN EK'S theory of the int roducti on of phylet ic novelt ies to mon ograptid colonies), but a lso a subs tantia l
modifica tion of the spines them selves, classified by JAEGER as a qu al itati ve change. St ructura l di fferences
between lobate and spinose ape rtural appendices we re, however, recogn ized and carefully studied ea rlier
(URBANEK 195 8, 1960 ). Th ey may be ex plained as a result of reducti on (rudimentat ion) leading to the
narrowin g of the surface of the prim ary lobe and to a semitubular fo ldi ng of its anterior border. In the
face of the existing ev ide nce one ca n hardly have serio us doubts as to the close affinity between Colono
graptus and Saetograptus. JAEGER'S (I 978a) sceptic ism co nce rn ing the derivation of Colonograptus and
Saetograptus has also lost ground in the light of his ow n studies (JAEGER 1991 ) and recent paper s by
KOREN' and SUYARKOVA (1994) and KOREN' and URBANEK (1994).

Th e phylogen y of the Saetograpt inae has not been es tablished in full de ta il - the forms fro m the Mi elnik
bore co re have not been published ye t. A preliminary study of the materi al indi cates that the lower zones
are dominated by less robus t morphotyp es with spines situated at the proximal end o f the aperture and
frequently provided with lob ate outg rowths. Th ey co rres pond to Saetog rapt us chimae ra ce rvicornis
URBANEK characteristic of the parascanicus Zon e. Th e ex tre me ly robust typ e co rres po nding to BAR
RANDE'S (1850: pI. IV: 34) orig ina l specimens and therefore classifi ed as S. chimae ra chimae ra BARRAND E
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Table I
Graptolite zonation for the Wenlock, Ludlow and Pridoli Series in the East European Platform : 1-5 main bioevents.

Further explanations in text.

SERIES STAGE GR APTOLITES ZON ES

lstrograptus t. transgrediens
5,Monograptus perneri....

...:l Monograptus bouceki

0 lstrograptus t. samsonowiczi

Q Istrograptu s t. chelmiensis.... -<::: N. I. lochkovensis Subzone
)~ Neocolonog raptus lochkovensis
Q" N. I. branikensis Subzone

Neocolonog raptus ultimus

Neocolonograptus parultimus

0::
Monograptus (U) sp ineus 4

~
Monograptus (U) protospin eus

Q., --========= M. (U.) acer aculeatus Subzone
Z Q.,

Monograptus (U) acer
M. (U.) acer acer Subzone

< =- Pseudomonoclimacis latilobus / M. (Slov inograptus) balt icus
~ -

I::l - - ----- ----- - -- ---- - - - --- - ------ - - - -- ----- -
0:: 3

0 0 Neocucullog raptus kozlowskii

~ Neo cucu llog raptus inexspectatus

I::l 0:: Neolobograptus auriculatus
...:l =- ~

...l ~
Bohemograptus co rnutus

0 Bohemograptus praecornutus
Q

...l - - - - - - - - - - - - - -- - - - -- -- --- - - ---- - - -- -- -- ---========= C. ave rsus rostratus Subzone
Cuc ullograptus aversus 2;::J (= S. leintwardinensis) C. aversus aversus Subzone

*

...:l Z Cucullograptus hemiaversus

< Lobog raptus invertus-Eo- Lobog raptus sca nicus pa rasca nicus['J

0:: Lobog raptus progenitor
0
o Neo diversograptus nilssoni

Colonograptus ludensis

0:: XX zones between nassa and ludensis on Polish part of the EEP not yet recognized
~

~ Gothog raptus nassa

~ 0 ---- --- - - -- -- - -- -- --- - - - - - ---- -- --------
::c 1 :U Cyrtograptus lundgreni

0
...:l I::l

Cyrtog raptus ellesae

:z 0 Cy rtog raptus rigidus

0 Monograptu s beloph orus (= M..flexilis)
~ ~

~
Z Mon ograptus antennularius- Monograptus riccartonensisr.l
::c Cyrtograptus murchisoni['J

Cyrtograptus centrifugus
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appears somewhat later (in the invertus Zone) and occurs within the upper portion of the S. chimaera
cervicornis range (cf. URBANEK 1966 : p. 310).

The proximal thecae of late saetograptids such as S. frits chi or S. leintwardinensis have long and rather
straight spines displaced distalwards. As ob served by URBANEK (1966: p. 311) this displacement was
a novel character as compared to the proximal introduction of apertural lobes/spines . The morphotype
with distal displacement of spines is therefore the terminal evolutionary pattern in spinose monograptids,
preceding their final extinction caused by the leintwardinensis Event.

Saetograptids provide grounds for a zonal subdivision which may serve as an alternative to that based
on the vertical distribution of cucullograptids (see Table 2) . JAEGER (1962: p. 39) pointed out that the use
of the saetograptid zonation might be a more practical equivalent to the scanicus Zone s.l. The saetograptid
subdivision can be easily identified while the scanicus Zone appears to consist of a number of separate
taxa whose identification in the flattened state of preservation is rather difficult. JAEGER'S statement is
partially true, and the application of either subdivision depends very much on the quality of the material
available and the methods used.

Table 2

Cucu/lograptu s aversus (E ISENAC K)
I) Cuc. aversus rostratus S. leintwardinensis (HOPKI NSON)

2) Cue. aversus aversus

Cucu/lograptu s hemiaversus UR BANEK Saetograptus fritschi (PERNE R)

Lobograptu s invertus UR BANEK

L. scanicus para scanicus (KOHNE) S. chimaera chimaera (B ARRAND E)

Lobograptu s progenitor URBA NEK S. chimaera cervicornis U RBA NEK

Neodiversograptus nilssoni ( BA RRAN DE) Colonograptu s cotonus (BA RRA NDE ) sensu P ERNER

A comparison of the zonal subdivision ba sed on cucullograptids and saetograptids encountered in the
East European Platform can be seen on the Table 2. JAEGER's (1991) most recent suggestion does not
recognize the frits chi Zone (below the leintwardinensis Zone) . Wh at he proposes instead is to distinguish
the frit schi linearis Zone immediately above the leintwardinensis Zone. Both the se suggestions might be
biased as based primarily on specific regions (the East European Platform versus Saxo-Thuringicum), and
a real standard zonation for the purposes of correlation is still a task to be addressed.

Retiolitids of the Plectograptinae subfamily constitute the third important element of the Gorstian
graptolite fauna. The progress in their understanding was much delayed . It is only the last few dec ade s
that have seen a change towards a bettter understanding of their morphology (ElsENAcK's study on the
Baltic erratic material, 1951) and stratigraphic distributiuon (Bouc ax and MUNCH 1952; URBA NEK 1966 ;
aO UT and ZASLAV SKAYA 1976). Quite recently papers by LENZ (1993b, 1994b), KOZLOWSKA-DAWIDZI UK
(1990, 1991 ), and KOREN' (1991 , 1992a) have provided new evidence of a growing interest in the
plectograptine retiolitids of the Upper Silurian .

It can be assumed that this group of graptoloids suffered the least from the environmental changes
during the lundgreni Event and soon became predominant in the graptolite fauna. Gothograptus nassa
appears in the lundgreni Zone, but immediately above that zone exhibits a mass occurrence frequently
associated with an unusually large size of rhabdosomes. The Late Homerian saw an extensive diversifi
cation of retiolitids represented by numerous species which had a rapid turnover (KOREN ' 1991, 1992a).
This interval of retiolitid evolution is still inadequately known from the EEP. Retiolitid diversity in the
Early Gorstian is, as can be seen from the studies of the Mielnik IG-l borehole material (URBANEK 1966)
still considerable. This study identified, for the first time the stratigraphic position of several species
described by EISENACK (1951) from Baltic drift material. However, the recent detailed study by KOZLOW
SKA-DAWIDZI UK (1995) throws considerable new light on the morphology, phylogeny and stratigraphic
distribution of retiolitids within the Gorstian to leintwardinensis Zone interval. All belong to the Plecto
graptinae BOUCEK et MUNCH , 1952 subfamily. In general a rather modest frequency is combined with
a high species diversity. A trend towards the reduction of the size of the rhabdosome and of apertural
apparatus as well as trend to reduce the reticulum and simplify the clathria are observed in all lineages
within the interval in que stion.
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Two main evolutionary lines among the Gorstian plectograptines were distinguished by KOZLOWSKA
-DAWIDZIUK, namely the (1) gothograptid line (Ei senackograptus. Gothograptus, Neogothograptus, Ho
loretiolites) with finite rhabdosomes (and known since late Wenlock) and (2) the newly appeared plecto
graptid line (Spinograptus, Plectograptus, Semiplectograptus, Ple ctodinemagraptus), with reduced coro
na, probably related either to Wenlock Sokolovograptus OBUT et ZASLAVSKAYA, 1976 or to Paraplecto
graptus BOUCEK et MUNCH, 1948.

First representatives of Gorstian plectograptines appear in the nilssoni Zone and include Plectograptus
wimani (EISENACK, 1951) and Spinograptus muenchi (EISENACK, 1951). Somewhat later appear Sp.
clathrospinosus ( EISENACK, 1951) and Sp. sp inosus (WOOD, 1900). Sp. clathrospinosus appear, however,
well down in the upper Homerian in the Arctic Canada (LENZ 1993b). All these forms are characterized
by the presence of well developed reticulum and spinose apertural processes.

In the progenitor Zone retiolitids in the Mielnik IG-l boring are represented solely by the gothograptid
line, namely by the Neogothograptus KOZLOWSKA-DAWIDZIUK, 1995 . The plectograptid line is temporarily
absent , most probably because of the local incompletness of the record. Neogothograptus is provided with
a central virgula in which it differs from Wenlock members of the line, where virgula is incorporated in
lateral wall. N. purus KOZLOWSKA-DAWIDZIUK with reduced reticulum and reduced apertural apparatus as
well as with varying number of thecae in its finite rhabdosome is the first species of this line encountered
in the Mielnik IG-l borecore. Later species still preserves primitive features: the presence of reticulum
and reticulate apertural shields in N. balticus (EISENACK, 1951) and reticulum in N. romani KOZLOWSKA
-DAWIDZIUK, 1995 .

The plectograptid evolutionary line reappeares in the upper part of the parascanicus Zone, being
represented by Plectograptus macilentus (TORNQUIST, 1887) . It differs from presumably related Pi. wi
mani, by the absence of reticulum and apertural processes. Still younger is Semiplectograptus urbaneki
KOZLOWSKA-DAWIDZI UK, 1995, a representative of a newly erected genus, with smaller size, without the
pleural lists and, in general, displaying a further step in the reduction of the rhabdosome.

The retiolitids in the parascanicus Zone are chiefly members of the gothograptid line, namely species of
the genus Holoretiolites BOUCEK et MUNCH, 1952. As compared with its possible ancestor, Neogothograptus,
the latter genus exhibits simplified rhabdosomes (e.g. absence of pleural lists). H. erraticus (EISENACK, 1951)
is commonly associated with H. mancki (MUNCH, 1930), which survives into higher hemiaversus-aversus
Zone. H. mancki is devoid of reticulum while its finite rhabdosome is composed of varying number of thecae.
KOZLOWSKA-DAWIDZIUK considers H. simplex as conspecific with H. mancki, as a four thecal morph,
characteristic of the populations of the lower part of the vertical distribution range of the latter species. H.
atrabecularis KOZLOWSKA-DAWIDZIUK, 1995, occurs in the uppermost part of the parascanicus Zone, has
small number of thecae in rhabdosome with reduced pleural lists . In the upper part of the vertical range of
H. mancki she discovered a form twice as big - H. man ckoides KOZLOWSKA-DAWIDZIUK, 1995.

H. mancki is not the late st retiolitid as was believed. The youngest retiolitid recorded so far is
a representative of the plectograptid line , Plectodinemagraptus gracilis KOZLOWSKA-DAWIDZIUK, 1995
(hemiaversus-aversus Zone, around the leitwardinensis Zone as currently defined). Its strongly reduced
rhabdosome bears a superficial resemblance to Ordovician Dinemagraptus KOZLOWSKI, 1952 . Its diminu
tive rhabdosome is composed solely of an ancora and medial and aperturallists . This latest representative
of Retiolitidae is also most advanced in the reduction of the colony, representing a terminal link in this
process which may be traced through Gorstian up to the leintwardinensis Zone.

The overall features of the succession of retiolitids encountered in Mielnik-I boring are, thus, the
following: nilssoni Zone exhibits abundant Spinograptus and temporarily no Gothograptus, whilst the
overlying progenitor-scan icus Zone is marked by the reappearance of a modified Gothograptus accom
panied by derivatives of Plectograptus. The top of the scanicus and the invertus Zones yields a profusion
of Holoretiolites.

The abundance and diversity of retiolitids decrease progressively at higher stratigraphic levels until
they finally disappear from the known successions around the leintwardinensis Zone. The latest among
the retiolids observed are specialized derivatives of Plectograptus.

The EEP sequence reveals the important role plectograptine retiolitids played throughout the entire
Gorstian. Moreover, it demonstrates their unexpectedly late disappearance. In her recent papers, KOREN'
(1991, 1992b) supports this view and provides more evidence of the evolutionary dynamics of this group.
The monograptids and the plectograptine retiolitids appear to have responded to the same environmental
pressures in opposite way s; that is a decrease in the diversity of the former was commonly compensated
by an increased diversification of the latter.
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The extinction of retiolitids cau sed by the leintwardinensis Event had a profound effect on further
evolution of graptoloids for a di stinct adapti ve type was eliminated and never replaced by a similar one.
As a result, the morphological diversity of Upper Silurian graptoloids was irreversibly reduced. What is
more, a gradual decrease in the abundance and di versity of retiolitids prior to their extinction ma y indicate
that the y suffered from competition with two oth er co-eval groups, namely cucullograptids and saetograp
tids. The do cumentation of the pattern of extinction across the leintwardinensis Zone provided by the
Mielnik IG-l borecore (URBANEK 1966 ) suggests that thi s time retiolitids showed greater vulnerability
than saetograptids or especially cucullogra ptids and were the fir st to suffer from environmental disturb
ances . Thus retiolitid behaviour during thi s particular cri sis was quite different from the way in which
retiolitids responded to the previous lundgreni Event , in which they smoothly survived across the extinc
tion horizon.

The final issue, however, was the extinction of both saetograptids and cucullograptids. Among the
survivors, including such pristograptid-like species as Pristiograptus dubius s.l. or Pseudomonoclimacis
dalejensis and also linograptids and Bohemograptus, it was the latter alon e that were destined to play a crucial
role in subsequent reco very. Pristiograptus preserved its splendid con servati ve behaviour - another specific
feature by which the post-leintwardinensis recovery differs from post-lundgreni developments.

The post-leintwardinensis Ludfordian fauna . - Th e next natural interval in the development of
graptolite fauna begin s with the Bohemograptus acm e Zo ne and ends with Neocucullograptus kozlowskii
Zon e followed by a low di versit y Interzone (URBANEK 1970). The Bohem ograptus proliferation zone is
the youngest graptolite occurre nce recogni zed on the British Isles, and with the underlying leintwardinen 
sis Zon e, marks the base of the Ludfordian Stage (Table I). On the Poli sh Lowl and the equivalent beds
are defined as the Siedlce Beds, an informallithostr ati graphic unit di stin gui shed in the subsurface platform
Silurian of Poland by TOMCZYK (1962, 1968). Its early part co rres ponds to the low er part of the Ludfordian
Stage, minus leintwardinensis Zon e (which is a co mponent of the old er link , called by TOMCZYK the
Mielnik Beds (see also URBANEK 1966, 1970). The graptolite fauna of the upp er part of the Siedlce Bed s
(= upp er Ludfordian ) is de scribed in the present volume by URBANEK (see pp. 87-232), and summa rized
below.

Th e ea rly Ludfordian as defined above, yield grapto lites representing a distinct phase in the develop
ment of the mon ograptid fauna, analogous and equiv alent on the one hand to the Lo wer Ludlow (Gors tian)
and, on the oth er hand , to the late Ludfordian or the Pfid oli . Following the ex tinction of the earlier
eleme nts, thi s phase features the emergence of new lineages, their development , diver sification and
subsequent decline coincident with the apprearance of immigrant spec ies. In other words, it tell s us
a complete evolutionary story of the "rise and fall " of a distinct faun al group. Thi s monograptid fauna is
also in many ways unique, its spec ific ity being best dem on strated by the inve ntion and wide application
of a new peridermal fabri c - the micro fusell ar tissue, a struc tura l eleme nt ex treme ly rare in other grapto
loids (URBANEK 1958, 1970 , 1976 , PI. 4 : 11 ).

Th e lein twardinensis fauna l turnover invol ves a number of events . The grapto lite fauna of the former
inter val , the Mielnik Bed s in the lith ostrati graph ic subdivision of the Poli sh Lowland , co mprises a total
of 36 species. The majority of them (sa etog raptids, cucull ograpt ids and retiolitids, 19 species in all) died
out close to the leintwardinensis Zone, leavin g no descend ant s. Four species survived without changes,
and eight new spec ies arose from the indi genou s surv ivo rs, du rin g the early part of the seco nd interval as
defin ed above (the low er part of the Siedlce Beds in the regional lithostr atigraphi c subdivisio n) . The tot al
diversity attained in the second inter val is thu s reduce d to twelve spec ies, one third of the number recorded
in the first inter val , although they are unique in character.

The main ex tinction at the top of the leintwardinensis Zone may be regarded as a bioti c crisis (C2 in
URBANEK'S 1970 terminology, or the lein twa rdinensis Event in his 1993 paper ) similar to "the big cri si s"
(C l' or the lundgreni Event) in the mid -Horneri an , although less dramatic in the scale of di sturbance or
in the effects produced.

Th e uniqueness of the post-leintwardinensis assemblages is ass ociated with the origin and gradua l
evolution of a sing le group classified as a monograptid subfamily, the Neocucullograptinae (URBANEK,
1970 ). In fact, it con stitutes the most pro gressive faunal element in the interval between the leintwardinen
sis Zone and the latilobus Zone. The Neo cucullograptinae co mprise four genera: Bohemograptus PRIBYL,
1967 , Neolobograptus URBANEK, 1970 Neocucullograptus URBANEK, 1970, and Polonograptus TSEGEL
NJU K, 1976 . Th e subfa mily in question is limited in its stratigraphic distribution to the Gorsti an and early
Ludfordian, being represent ed in its lower interval by Bohemograptus alone and in the upper one by some
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Fig. 7
Tentative phylogeny of Neocucullograptinae as revealed by the studies on isolated material from the Mielnik IG-1 borehole
and subsequent studies in other areas (largely after URB ANEK 1970 , modified). Although close relation of Polonograptus to

Bohemograptus stem species seems almost certain, its origination from B. bohemicus tenuis is conjectural.

new taxa of this genus as well as by Neolobograptu s and Neocucullograptus. After the leintwardinensis
Event, the bulk of neocucullograptids was produced from Bohemograptus ancestors as a result of reradi
ation . They reestablished the operculate adaptive type corresponding in the overall morphology to the
earlier cucullograptids, but their apertural apparatus was made of a new skeletal fabric , the microfusellar
tissue . It seems safe to conclude that neocucullograptids occup ied an ecological niche close to that filled
by cucullograptids in the Gorstian times. The Ludfordian adaptive radiation was , however, smaller in scale
as compared with the Gorstian one . Hence, the taxonomic diversity dropped con siderably although the
level of morphological radiation remained fairly high.

On the basis of the neocucullograptid distribution (URBANEK 1970) one can suggests a subdivision of
the post-leintwardin ensis early Ludfordian into severa l graptolite zone s (see Table 1).

The above scheme can only be regarded as provi sional in character, as the ranges of the index species,
based on a single bore hole , are represented only as topozones. A series of new discoveries in Europe,
Asia and Arctic Canada have provided convincing evidence that these faunal elements are not endemic
to the EEP, rather the reverse, they are rather widely distributed. Important studies by KOREN ' (1989),
(KOREN' and LVTOCHKI N 1992c) on the graptolite faunas of the Tokrau horizon in Kazakhstan as well as
her research of the Kursala Formation in the Tien Shan (the Alai Range, Kirghizia) leave no doubts that
the main faunal elements and graptolite biozones recognized long ago in the EEP can be reliably traced
into Central Asia.

It is therefore hard to understand why, in his new proposal of a standard graptolite zonation , JAEGER
(1991: p. 315) quite recently defined the entire interval between the fritschi linearis Zone and the
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Fig. 8
Two major trend s in the morphological evo lution of thecal characters in neocucullograptid s: Bohemograptus bohemicus
tenuis- Neocucullograpt us kozlowskii lineage (A-D) and B. b. tenu is-Bohemograptu s cornutus lineage (A I- D t ) . Evolution
in the first trend invo lved appearance of gentle eleva tion (e) on the apertural border (A, B. b. tenuis}, origi n of dorsolat eral
incis ion (di) in Neolobograp tus auriculatus (B), formation of aper tural apparatus made of microfusellar tissue and compose d
of right and left apertural lobe (C, Neocucullograptus inexsp ectatus, ri, 11), and finally addition of apertural superstructures
in form of rostral process (rp) and lateral process (lp) as well as a gular plate (gp) as seen in Neocucullograptus kozlowskii
(D). The seco nd trend passed through a similar starting phase represented by Bohemograptus (A I) followed by Bohemograp
tus pra ecornutus (B t- C I ) provided with additions made of microfusellar (dotted) and pseud omicrofu sellar (pm) tissue. Th ese
fairly irregular and varia ble structures were later transformed into regular rod-like processes terminating with fan-like, rapidl y
widening memb ranes in Bohemograptus cornutus (D I ) . True microfusellar tissue shown dotted ; ma - microfu sellar additions.

[ra gmentalis Zone as "Standardzo nen nicht etabliert" . Since the index spec ies are well kno wn and have
wide geographic distributions, such a con servati ve stand was, however hardly j ustifiable. Moreo ver, the
Ludfordian graptolite sequence recogni zed recently by STa Rc H (1995) in the Barrandian area, corresponds
so well with that report ed from Mieln ik IG-I borehole, that no doubts are left as for the significa nce of
the zona l scheme suggested by URBANEK ( 1970).

Phylogeny of neocucullograptids. - The lowermost part of the post-Ieitwardinensis interval is
distin gui shed by a rem ark able impoveri shm ent of its graptolite faun a due to the ex tinction of a number
of lineages during the Saetograptu s leintwa rdinensis zonal interval. Thi s radica l decrease in diversit y was
compensa ted by the mass occurrence of Bohemograptus bohemicus (BARRANDE) thu s producing a con
venient marker. In his contribution present ed at the Th ird International Symposium on the Silurian/Devo
nian boundary, Leningrad , URBANEK ( 1968, publi shed 1971 ) recogni zed , immedi ately above the leintwar
dinensis Zone, a peak zone which he ca lled "the bohemicus proliferation Zone" . A similar peak or acm e
zone (epibo le) can be distin gui shed in the Baltic erra tic boulders, where abunda nt Bohemograptus ho
hem icus tenuis (Boucex) is accompanied by a sca nty grapto lite association or occurs monospecific all y
(the "0" association or the "0" class of boulders as defin ed by URBANEK 1970 : p. 260) . Another horizon
yielding abundant Bohemograptus in an analogous stratigraphic setting has been recogni zed in Britain
(HOLLAND and PALMER 1974).
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Specialized neocucullograptids may have derived from generalized representatives of Bohemograptus.
The stem taxon of the entire stock was probably Boh emograptus bohemicus tenuis. Within the underlying
Gorstian, the Bohemograptus lineage displ ayed the zonal evolution expressed as a gradual disappearance
of robu st morphotypes, concomitant with a progressive increase of the gracile variety. The onl y note
worthy change was the acquisition of a novelty, the appearance of the microfusellar tis sue, a special
peridermal material made of narrow and den sely crowded growth bands (microfuselli) . The late popula
tions of B. boh emicus bohemicus are characterized by the appearance of a new morphotype capable of
producing peculiar apertural structures composed of thi s new tissue and called mic rofusellar additions
(PI. 4, compare 8, 9a, m, 10 and 11).

The presence of thi s tissue is rare although not unique among the Graptoloidea, but its wide utilization
in the further evolution of neocucullograptids presents an exceptional phenomenon unparalleled in other
groups. Therefore it would be impossible to explain this evolutionary event without introducing a number
of notions which might be considered rather un-conventional in routine graptolite research . It has been
suggested that the late Bohemograptus populations and also some of the deri ved species were polymorphic;
namely they were composed of a velige r morph (able to produce microfusellar additions) and a standard
morph devoid of thi s capability (URBANEK 1970 : pp. 208-209) . One could assume that a balanced
polymorphism was responsible for the steady presence of two , clear-cut morphs in the populations. At the
same time the microfusell ar structures around the sicular aperture and thecae were capriciously variable,
without producing spec ies spec ific features. As outlined by URBANEK (1970), the further evolution of
neocucullograptids probably involved a change from balanced to transient pol ymorphism, which resulted
in secondarily monomorphic populations with microfusellar additions stabilized in a species - specific
form.

At the same time the Bohemograptu s split to form two lines of descent. In the hemiaversus-aversus
Zones one could trace the presence of two lineages - one represented by relativelly gracile Bohemograptus
bohemicus tenuis and the other, by a robu st type, namely Boh emograptus praecornutus. The last named
species resembles lower zona l morphotypes of Bohemograptus and may be cons idered as an essenti ally
plesiomorphic spec ies, whil e B. bohem icus tenu is is in this case an apomorphic species (Fig. 7).

Thi s slight divergenc e in morphological trends defined at the same time quite different directions of
future specialization. Bohemograptus pra ecornutus led to a much mor e advanced Boh emograptu s cornu
tus, with the microfusellar additions modified into apertura l projections for ming long ribbons (Fig.
7A I-D I) ' In etched specimens the distal parts of these proj ections are usually broken off, but well
preserved flattened speci mens found by KOREN' in Tien Shan (unpublished) have a bizarre "hairy"
appearence . The other line initi ated a trend which soo n split into Neo lobog raptuxs au riculatu s and the
higher zonal popul ations of Bohem icus bohem icus tenu is , character ized by minor but distinct morphologi
cal trait s (URBANEK 1970). Th is morph should probably be recogni zed as a separate temporal species or
subspec ies, charact eristic of inexspectatus- kozlowskii Zones. It matches Bohemograptu s garratti de
scr ibed from the kozlowskii Zone of NE Tasmania (RICKARDS, DAVI DSON, and BANKS 1993) and from the
same Zone in the Barr andian area (STORCH 1995).

The occ urre nce of other Bohemograptus spec ies, as indicated by some faun as (e .g. from Yukon ,
JACKSON and LENZ 1972 ), is possibl e. How ever, TSEGELNJUK 's atte mpt (1976b: pp . 126-1 31) to discrimi
nate as man y as 7 spec ies and subspecies (plus one new ge nus) within Bohetnograptus group in Lesni an
skaya suite of Bel arus is hardl y accept able, es pecia lly as this splitting practice is based mostl y on scanty
and imperfectly preserved material.

Neo lobograptus auriculatus (Fig. 8B), a form resembling to some extent the earl ier sca nicus Group,
(= Lobograptus ) may be co ns ide red a probabl e forerunner of a trend whi ch led to most adva nced
neocucullograptids. They are represent ed by Neocucullograptus inexspectatus and N. kozlowskii - both
homeom orphic with Cucullograptus aversus (Figs 8C-D, 9, PI. 4: 1-7), but repres enting (neo)operculate
monograptids with a bohemograptid foundati on and co mplex aper tural apparatus made of microfusellar
tissue !

Thi s picture of the adapti ve radiation of Bohemograptus and its derivatives in Lud fordi an time, should
be completed by including the line of "comet't-like monograptids, represented by Polon ograptu s TSEGEL
NJUK, 1976. The y represe nt forms displ aying a strong ly attenuated proxim al part but a rapid distal increase
in the width and in thecal overlap, and a strong ventra l curv ature of the rhabdosome (Fig. 10). They have
been descr ibed from the Barrandian, Volhynia, the Carnic Alp s and Central Asia (PRIBYL 1983; TSEGEL
NJ UK 1976b ; JAEGER 1975 ; KOREN' , personal information). Polonograp tus most probably represents
a strongly modi fied Bohemograptus, with a stee p gradient in the allo metric control of growth and size as
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tp

rp

Fig . 9
Advanced apertural appara tus in Neocucullograp tus kozlowskii seen in di fferent aspects (A J- A-t. B) illustrates the develop
ment of asymmetry and the full use of microfuse llar tissue as the main fabric in neocucull ograpt id evol ution (from URR ANEK

1970). Note superstructures built over the lobes proper (ll, rp) such as rostra l (rp), lateral (lp) and ventral (vp) process. as
well as the gular plate (gp) situated on otherwi se strongly reduced right lobe. While the morph ology clea rly suggests highly
spec ialized troph ic function of the apertural apparatus, significance of part icul ar detail s remains obscure. Mieln ik IG-I
borehole. E Poland , kozlowskii Zone. Abbrev iations: I - ape rtura l lip. mth - distal part of metatheca. tz - transient zone

between fusellar and microfuse llar tissue with intercalary wide bands.

well as of the overlap of the thecae . It is a monograptid analog ue to biserial Cephalograptus or Peta!o
graptus. Although the transient form s brid ging the gap between Bohemograptus and Polon ograptus , are
not yet known, the morphology of the latter is indic ati ve of a bohem ograptid ance stry. Moreover, "Mono
graptus " egregius, described by URBANEK (1970) from the early Ludfordian of EEP, and con sidered by
him as an aberrant form of a cryptogenetic origin, may in fact, be referred to as an early represent ative
of Polonograptus (URB ANEK 1993; STORCH 1995).
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Alon g with neocucuIlograptids, Polon ograptus belongs to highl y characteristic faunal elements of the
early Ludfordian. Polonograptu s should, however, be redefined since its type species Mon ograptus
butovicensis BOUC: EK (1936: pI. I: 6, 7) is a nomen dubium . Two ori ginal spec imens of M. butovicensis
(including the holotype), hou sed in the Narodni Mu zeum in Prague (N .M.L. 17753, 199968), represent
slightly curv ed distal fragment s of the rhabdosome, displaying a strong thecal overlap, but oth erwise
lacking any specific character s whi ch co uld justify their assignement to Polonograptus. Dr Radv an
HORNY, an authority in the Barrandian Silurian, maintains that the lithology of the sample with original
spec ime ns of butovicensis is highl y charac teristic of the nodules with Orth oceras and Cardi ola from the
nilsson i Zone in the Butovice locality, the locus typicus as stated by BOUC:EK (1936: p. 4). However, all
the rem aining Polonograptus material was recorded from much higher strata and there is no other ev idence
for its presenc e within Gorstian. JAEGER'S M. butovicensi s (1975: pI. 1: 1,2 and 6 therein), mo st probabl y
cannot be referred to M. butovicensis BOUC: EK as it occurs within distin ctl y higher Zone, (Cardiola-Niveau,
Bank 24 of the Cellon section of Carnic Alp s, situated within latialatus co nodont Zone, weIl above the
leitwardinensis Zone in the graptolite sequence) , and is probably co nspecific with Polonograptus podo
liens is PRIBYL, 1983 . Th erefore Polonograptus podoliensis is the first reli abl y defined and de scribed
represent ati ve of Polon ograptus and as such should be desi gnated as its type spec ies . STORCH (1995) has
recently described from the inexspectatu s-kozlowski i Zone of the Kosov Qu arry, a weIl-known locality
near Beroun (Kopanina Formati on , Barrandi an), an assemblage of polonograptids (P. egregius, P. podo
liensis podoliensis, P. podoliensis cf. australis , and P. sp.). He has supplied new data con cerning their
morphology and presumed phylogen y, how ever, he retains as the type species of Polonograptus-Mono
graptus butovicensis BOUC:EK.

In our opinion Mon ograptu s butovicensis BOUC:EK, 1936 might be a "preservational species" repre
senting merely distal fragment s of Colonograptus roemeri (BARRANDE, 1850), co mmon in its ass oc iation
in Butovice and one of mon ograptids with an extensive thecal overlap in the di stal part of the rhabdosome.
PERNER's (1899) ori ginals of C. roeme ri from But ovice, housed at Narodni Mu zeum (Prag ue, Nr 36675)
and made available to us, show a remar kable similarity to BOUC: EK 's M. butovicensis .

A measure of confusion is the fact that the two specime ns of Polonograptu s, coIlected by Professor
Ivo CHLUPAC in the Velky vrch (Koneprusy) sec tion, at the same level and within the bed of the same
lithology (dark grey bituminuous limestone), were identified fir st as M. butovicensis (by JAEGER 1975:
pI. I: 6), and second as P. podoliensis (by PRI BYL 1983: pI. 11: 4 ; pI. IV: 4). Th ese spec ime ns are housed
at the Narodni Mu zeum in Prague (but not numbered , while PRIB YL 'S spec ime ns bear also numbers of
Czech State Geol ogical Survey, UUG 6072). In the light of the present knowledge, JAEGER 'S and PRIBYL'S
spec imens are doubtlessly con specific (see PRI BYL 1983: pp . 158-159), and their stratigraphic positi on
within the Kopanina Form ation may be ass igned to N. inexspectatus-N. kozlowsk ii Zone.

Late Ludfordian graptolite fauna and stratigraphic subdivision. - The late Lud fordi an graptolite
sequence has, for a long time, been sort of lost interval, since knowledge of it was delayed as compared with
most other Silurian graptolite faun as. Except for a few findings of poorly preserved graptolite rem ains in the
Kopanin a Form ation of Prague basin (Barrandian), its systematic study was initiated onl y by TSEGELNJ UK
(l 976a, b), who described a diversified mono graptid faun a of this age from the deep borings of Volh ynia
and adjacent territory of Belarus. Equiva lents of these ase mblages were soo n found in Central Asia (KOREN'
1989 ; KOREN' and LYTOCH KIN 1992) and the stratigra phic ranges and utilit y of some taxa were better defin ed.
Mean while, PRIB YL's (1983) paper offered a new eva luation of find ings within the Kopanin a Form ation as
compared with progress in thei r knowledge on EEP (URBANEK 1970 ; TSEGELNJUK 1976b).

Initi ally all the late Lud fordian gra pto lite sequences of the Poli sh part of EEP we re see n to be a series
of sedime nts charac terized by common or mass occurre nces of graptolites from the "fo rmos us Group",
under whi ch some species displ aying superf ic ial resemblanc e were lumped togeth er (ToMCZYK 1962,
1968; TELLER 1966 , 1969).

In light of recent studies (URBAN EK, this vo lume, p. 104) it is ev ide nt that the late Ludfordian fauna
appears in the East European Platform after the kozlowskii Event (URBAN EK 1993 ). Due to thi s event and
follow ing faun al turnover, the grapto lite sequence of the Ludfordi an is distinctly bip artite, bein g composed
of an early and late faun al assemblage, with only a few elem ent s in co mmo n. Th e event resulted in the
ex tinction of specialized early Ludfordian represent ati ves of Neo cucu llograp tus and Polonograptu s, as
well as of the last surv ivors of Bohemograptu s, above which there app eared a low diversity assemblage
composed onl y of relatively common Linograptu s posthumus and Pristiograptu s dubius s.1. Thi s, in turn,
they ga ve way to a true late Lud fordi an fauna represented by Pseudomonoclimacis latilobu s (TSEGELNJUK,
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Fig. 10
Third major trend of morphological evolutiom amongst early Ludfordian monograptids is represented by Polonograptus . It
displays a rapid increase in the length and overlap of thecae as seen in P. podoliensis PRIBYL, 1983 (A) combined with only
limited modifications of thecae, producing gentle elevations of apertural border (B, C, e, n). Slightly diagrammatical drawings
made from a photograph of a specimen from Kosov Quarry near Beroun, Central Bohemia, Acantholomina minuta Beds
(= kozlowskii Zone), Kopanina Formation (photograph obtained by courtesy of Dr P. STaRcH, Prague). Abbreviations:

e - elevations of the apertural border, inc - dorso-lateral incisions, n - ventral apertural notch .

1976b), Pristiograptus dubius fragmentalis (BOUCEK, 1936), Monograptus (Slovinograptus) hamulosus
TSEGELNJUK, 1976, and M. (Formosograptus)formosus BOUCEK, 1931. They appeared in a rapid succes
sion, that is almost simultaneously, marking a single graptolite assemblage zone, namely the latilobuslbal
ticus Zone. The real novelty in this assemblage is the reappearance of hooded monograptids, after a long
gap in the record, most probably due to Lazarus effect (for more extended discussion see URBANEK 1993,
1995 and this volume, p. 105). TSEGELNJUK (1976b, 1981) has found a number of other monograptid
species within this assemblage, and Volhynian faunas appear to be even more differentiated than recorded
in the Mielnik IG-l borecore. On the other hand KOREN' (personal communication) has found that the
first hooded monograptids reappear as early as the leintwardinensis Zone (base of the early Ludfordian)
in the Alai Range of Tien Shan (Kyrgystan). Also LENZ (1988) has found Monograptus ceratus, a hooded
monograptid in the last named zone of the N Yukon (Canada). The migration of new faunal elements due
to Lazarus effect was thus a diachronous process, albeit taking place entirely within the Ludfordian.

The higher strata of the late Ludfordian are subdivided on the basis of a single lineage, namely the
acer-spineus lineage (URBANEK 1995) . The first representative of this lineage, Monograptus (Uncinata
graptus) acer (TSEGELNJUK, 1976), appears above the latilobus/balticus Zone defining in this way the
lower boundary of the eponymous zone. This zone is subdivided into a lower and an upper Subzone, based
on the lower occurrence of the index SUbspecies M. (u.) acer acer (TsEGELNJUK, 1976), and upper
occurrence of M. (U.) acer aculeatus (TSEGELNJUK, 1976) respectively. Their taxonomic position was
redefined recently by URBANEK (1995). They differ mainly in the degree of the dorsal curvature of the
the proximal part, a trait that while increasing gradually upwards, permits the recognition of two sub-
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species and, therefore of two discrete subzones. The next horizon is marked by the occurrence of
Monograptus (Uncinatograptus] protospineus URBANEK, 1995, which in the Mielnik IG-l borehole, is
represented by a thin bed (some 40 cm). This species represents a transient link between hooded and
spinose (lobate-spinose) monograptids. Since the Gushcha-4015 borehole (Volhynia) as well as Leba-3
boring (W Pomerania, Poland) reveal conspecific forms, the protospineus Zone was recognized (URBANEK
1995) as a separate unit. It is followed stratigraphically by the occurrence of M. (Ui} spineus (TSEGELNJUK,
1976), defining an eponymous zone, and recognized as a biostratigraphic unit by KOREN' and LYTOCHKIN
(l992c) in Tien Shan sections (Kyrgystan). The species, doubtlessly the most remarkable monograptid of
late Ludfordian, was described from Volhynia, but is also present in E Poland and in Central Asia. It is
a good candidate for a standard index fossil of the late Ludfordian (KOREN' 1992a; URBANEK 1995).

The upper part of the late Ludfordian sequence encountered in the Mielnik IG-l borehole thus reveals
a clear temporal replacement in the vertical distribution of the members of the acer-spineus plexus.
Consequently they are interpreted as chronospecies (or subspecies) within a single line of descent. In other
areas, the sequence within this lineage is less clearly established. TSEGELNJUK (l976a, 1981) maintains
that all species of the acer-spineus lineage eo-occur within a single assemblage and are associated with
species from the latilobuslbalticus Zone. Hence, he distinguishes only one graptolite zone for the entire
late Ludfordian. This difference in opinion may probably be explained by different resolution used in the
study of borecore material rather than by real differences in the vertical distribution over small distances
in question. KOREN' and LYTOCHKIN (l992c) mentions the co-occurence of M. (Ut} acer aculeatus and M.
(V.) spineus in her sections from the Kursala Formation of Tien Shan (Kyrgystan). Moreover, all these
species are referred by her to a broadly understood formosus/spineus Zone of the late Ludfordian (see
URBANEK, this volume, p. 96 for comment).

The tentative graptolite zonation of the late Ludfordian of the EEP is given on Table 1 (p. 35).
The extinction of M. (V.) spineus may be related to the next faunal turnover named the spineus Event

by KOREN' (l992a). The filtering effect of this event was less severe than that of leintwardinensis Event
and even less drastic as compared with kozlowskii Event; nevertheless, lobate-spinose monograptids
became extinct while hooded monograptids display a distinct Lazarus effect and re-appear only in the
lochkovensis Zone of the Pfidoli. Among relatively specialized forms an exception is Monograptus
(Formosograptus) formosus which, while common throughout the entire late Ludfordian, crosses the
Ludlow/Pfidoli boundary. It is accompanied by the notorious hold-overs such as Linograptus posthumus
and Pristiograptus dubius s.l. Otherwise, the late Ludfordian assemblage cannot be expected to provide
direct forerunners of the early Pfidoli fauna, because of the spineus Event. The Pfidoli fauna originated
de novo from nonspecialized pristiograptids, from which we can search for the ancestry of parultimus
ultimus lineage. This indigeneous faunal assemblage was later enriched by Lazarus taxa, namely reap
pearing hooded monograptids. In the Mielnik IG-l borecore spineus Event is marked by a 70 m thick
series of strata with characteristically impoverished fauna.
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GRAPTOLlTES AND STRATIGRAPHY OF THE WENLOCK AND LUDLOW SERIES
IN THE EAST EUROPEAN PLATFORM

PLATE I

Represent ative theca l morphologies in mon ograpt ids of the Wenlock age . All samples from the Zawad a-l well.
Abbre viatio ns: Si - sicula, Vi - virge lla, pV - pseudovirgula. Th - theca. 1- lapet , a - apert urue . sp - spine.

Cyrtograptus radiali s (TbRNQ UIST)

I. Sicul a with two proxim al hooked the cae. lundgreni Zone; x 30.
3. The cal cladium with two thecae. lundgreni Zone; x 32.
6. First thec a of the thecal c1adium incompletely developed. lundgreni Zone; x 42.

Cyrto graptus perneri B OUCEK

2. Two proximal thecae with long spines . ellesae Zone; x 50.

Cyrtograptus hamatus (BA ILY)

4. Th ecal c1adium with three thecae, lund greni Zone; x 30.

Cyrtog raptus lundgreni T ULLBERG

5. 8. Th ecae of the procladium, lundgreni Zone; 5 x 25 . 8 x 125.

Monograptus beloph oru s M ENEGHINI

7. Medi al thecae. belophor us Zo ne; x 30 .

Monograptus antennularius (M ENEGHINI)

9. Lateral view of a hooked theca. antenn ularius Zone; x 200 .

Monograptus flexuosus (T ULLB ERG)

10. Medial three thecae. antennulari us Zo ne; x 30.
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GRAPTOLITES AND STRATIGRAPHY OF THE WENLOCK AND LUDLOW SERIES
IN THE EAST EUROPEAN PLATFORM

PLATE 2

Representative thecal morphologies in monograptids of the Wenlock Age . All samples from the Zawada-I well .
Abbreviations: Vi - virgella , Si - sicula, Th - theca, Sp - spine, I - lapet , e - ear, h - hood.

Cyrtograptus lundgreni TULLBERG

1. Three thecae of the procladium, lundgreni Zone ; x 25.
2. Three thecae of the thecal cladium, lundgreni Zone; x 25.

Monograptus flemingi (SALTER)

3. Proximal thecae and sicula, antennularius Zone ; x 30.

Cyrtograptus rigidus T ULLBERG

4. Distal thecae of the procladium, rigidus Zone; x 30.
6. Proximal thecae of the procladium, rigidus Zone; x 25.

Monograptus (Testograptus) testis (BARRANDE)

5. Juvenile rhabdosome, lundgreni Zone; x 30.

Monograptus flexuosus (TULLBERG)

7. Apertural hood with open ears , antennularius Zone ; x 125.

Monoclimacis zawadensis TELLER

8. Proximal thecae and sicula, lundgreni Zone ; x 40.
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GRAPTOLITES AND STRATlG RA PHY OF TH E WE NLOC K AN D LUDLOW SERIES
IN THE EAST EUROPEAN PLATFORM

PL ATE 3

Representative thecal morphologies in monograptids of the Gorstian and ear ly Ludfordian Age. Abbreviations: 11 - left
apertural lobe, rl - right apertural lobe, p - rostral process, pI - gular plate and dorsal eaves of the lobe.

Lobograptus scanicus parascanicus ( K OHNE)

1- 2. Aperture of a R-cucullograptid , Baltic erratic boulders, 5.18I , W Pomerania, parascanicus Zone; x 110.

Cucullograptus aversus rostratus U RBANEK

3-10. Different aspects of apertural apparatus (3-8) as well as proximal (9) and distal (10) thecae in, Mielnik IG-I
boring, depth 924.40-921.70 m, aversus Zone ; 3-8 x 110; 9, 10 x 25.
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GRAPTOLITES AND STRATIGRAPHY OF THE WENLOCK AND LUDLOW SERIES
IN THE EAST EUROPEAN PLATFORM

PLATE 4

Representative thecal types of early Ludfordian Age.
Abbrevia tions: a - aperture, m - microfuseliar additions, 11 - lateral apertural lobe, p - rostral process, pi gular plate.

Neocucullograptus inexspectatus (BOUCEK)

1- 2. Apertural apparatus, Mielnik IG-I boring, depth 887.70 m, inexspecta tus Zone; x 110.

Neocucullograptus kozlowskii U RBANEK

3-7. Apertural apparatus, seen laterally (3-4), ventro-Iaterally (7) and in ventral (5) and dorsal (6) aspects .
Mieln ik IG-I boring, depth 873.40 m, kozlowskii Zone; 3, 5 x 55; 4, 6, 7 x 110.

Bohemograptus bohemicus aff. tenuis (BOUCEK)

8. Simple thecal aperture (a), Mielnik IG-I boring, depth 889.5 0 m, inexspectatus Zone; 8 x 180.

Bohemograptus praecornutus UR BANEK

9. Thecal aperture with microfusellar additions (m), Mielnik IG-I boring, depth 9 11.60 m, pra ecornutus Zone;
9 x 110.

Pseudomonoclimacis micropoma (JAEKEL)

10. Standard fusellar tissue with characteri stic ventra l zig zag suture as seen with LM on bleached thecal wall .
Mielnik IG-I wellcore, depth 1019.40 m, progenitor Zone ; x 130.

Neocucullograptus kozlowskii URBANEK

11. Typical exam ple of microfusellar tissue (m) with a structural transient zone (t) as seen with LM on bleached
apertural lobe. Mielnik IG-I wellcore , depth 873.40 m, kozlowski i Zone; x 130.
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OF THE PRIDOLI SERIES

IN THE EAST EUROPEAN PLATFORM
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Teller, L. 1997. Graptolites and Stratigraphy of the Pfidoli Series in the East European
Platform. In: A. URBi\NEK and L. Teller (eds) , Silurian Graptolite Faunas in the East
European Platform : Stratigraphy and Evolut ion. - Palaeontologia Polonica 56 , 59- 70.

The paper revises the earlier information and updat es the Pridolian biostratigraphy in the
East European Platform as well as compares it to other areas . An improved zonal subdivi
sion of the Pfidoli in Chelm keysect ion is proposed and compared to the graptolite
sequence in the type area of Barrandian. The stratigraphic significance of the transgrediens
stock is demonstrated and the position of numerous low-d iversity assemblages , dominated
by Linograptus, is specified.
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The Pfidoli Series was encountered within the Polish part of the EEP in the Chelm IG-I borehole, in
1954-1 955 . The borehole was drill ed in the Bug Depression, on the Uherka River, I km North of the
town of the same name. Uppermost Siluri an deposits were documented by graptolites and a rich benthic
fauna. The faunas appear at a depth of 1207.7 m and continue to the total depth of the well at a depth of
1611.7 m.

It was the first borehole amo ng those drilled by the Polish Geological Institute that revealed Silu rian
deposits in the Palaeozoic sedimentary cover of the EEP, and the seco nd one in the history of that system's
inves tigat ion in the area (DAHLGRON and SEITZ 1944).

The horizontal sedimen ts, not folded during either the Caledonian or any other orogenic phase,
represent a claystone facies with minor carbonate intercalations. They were deposited in the bath yal zone
of the EEP slope and pass, without interruption, into the marine Lower Devonian of the Rhin e facies
(Gedinian). Preliminary stratigraphic conclusions based on the graptolite fauna encountered there were
publi shed by TOMCZYK and TELLER (1956) . They showe d that the graptolite and benthi c faunas pre sent
in the sediments were typical of the Pfidoli Formation of the Prague Basin , sugges ting a close palaeogeo
graphic affinity between the two areas. The sediments penetrated by the borehole were ass igned, following
PRIBYL (1940), to the Middle Ludlow. The mis-correlation can be explained by the fac t that, at that time,
most of the stratigraphers engaged in the study of the Silu rian, chiefly representatives of the Briti sh school,
rejected a possibility of the presence outside the British Isles of mudd y and carbonate series yielding
graptolites and a benthi c fauna that could be younger than the Briti sh Ludlow.

A detailed lithological and stratigraphic study of the Silurian from the Chelm IG-I borehole section
was publi shed in a later paper (TELLER 1960) whereas the faunas, both graptolite (TELLER 1964) and
benthic (KOREJWO and TELLER 1964), became the subject of separa te later monographs.

In the stratigraphic part of the graptolite monograph (TELLER 1964), the Chelm IG-I borehole section
was regarded as coeval with the Upper Ludlow, which was a compro mise with the genera lly acce pted
British subdivision rather than a definition of the true stratigraphic position of the series. It was not unt il
the new subdivision of the Silurian System was acce pted in 1984, officially establishing the Pfidoli Series
as the uppermost Siluri an series entirely younger than the British Ludlow, that the proper stra tigraphic
position of the Chelm IG-l section, a key-section for the Polish part of the EEP, was recognized.

Later (l960s- 1970s), several additional boreholes were drill ed in the Bug Depression . Charac
teristically, they revealed , below the marine Lower Devonian, a claystone complex containing graptolites
of the late horizons of the Pfidoli (boreholes: Bus6wno IG-I 1947 .0-2890 .0 m, Bialopole IG- I 1577.5
1830.0 m, Terebin IG-l 1358.0-2648.0 m, Krowie Bagno IG-l 1850.0-2724.0 m, Strzelce IG-l 1424.0
1545.0 m, Strzelce IG-2 1732.5-1 890.0 m, and Bachus 2 133.0-2438 .0 m, see TOMCZYKOWA 1988).

Still furth er East, in the Lubl in Region, some wells, drill ed belo w the marine Lower Devonian of the
Rhine facie s (Gedinian), encountered in stratigraphic continuity Pfidoli graptolite - bearing claystones.
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Boreholes drilled more to the North , in the eastern Podl asie Depression, penetrated Pfidoli depo sits of
a somewhat different lithology, that being a widespread marly-limeston e facie s associated with the more
shallow parts of the vas t epicontinental basin (see p. 16 herein ).

Strongly folded Pfidoli sediments have also been penetrated further South of the Chelm IG-l borehole,
in the T.T. lineament zone, by the Ruda Lub ycka well (TELLER 1964; TOMCZYK 1962). Beyond , but close
to, the Polish state border, their presence has been reported in the Rava Russkaya borehol e (SANDLER and
GLUSZKO 1955).

When discovered , the Pfidoli sec tion in the Bug Depression was, next to that in the Prague Basin , only
the second in the world. But with the course of time, thank s to wide-scale inves tiga tions conducted in
various region s first in order to draw the Silu rianlDevoni an boundary, and then to introduce a new
subdivision of the Silurian and to select the stratotype for the Pfidoli Series, more and more sections were
recorded where the Pfidoli and Devoni an age of the sediments was establi shed on the basis of graptolites.

Within a fairl y short time the presence of the Pfidoli was proved for Canada (JACKSONand LENZ 1969;
JACKSON et al. 1978; LENZ and JACKSON 1971; LENZ 1988, 1990), Austral ia (JAEGER 1967; JENKI NS 1982;
RICKARDS et al. 1992) Austria (JAEGER 1975; SCHONLAUB 1979) Germany (JAEGER 1959), Kazakhstan
(MIKHAJLOVA 1971, 1976; BANDALETOV 1971; BANDALETOV et al. 1983 ; KOREN' 1983, 1986, 1989)
Kirgystan (OBUT et al. 1968; RINENB ERG 1965, 1973, 1985; KOREN' 1994), Podolia and Volhynia (TSE
GELNJU K 1976a, b 1980, 1981, 1983), Morocco (WILLEFERT 1962 ), North America (BERRY and MURPHY
1975), France , Normandy (JAEGER et al. 1965), the Ural Mountains (KOREN' 1973).

However, a revision of the Pfidoli graptolite faun a conducted by JAEGER (in KRIZ et al. 1986) in the
stratotype area, together with the new data obtained from that region by PRIB YL (1983), the founder of
the Pfidoli Series zonal subdivision, have stimulated the present author to once aga in revise the Chelm
graptolite fauna and to present an updated biostratigraphi c subdivision.

THE ZONAL SUBDIVISION OF THE PRIDOLI
IN THE CHELM KEYSECTION

Most of the existin g zonal subdivisions established on the basis of the graptolite fauna (TELLER 1964)
are still valid (Fig. 1). Thi s chiefly concern s the samsonowiczi, chelmensis, bouceki , perneri, transgre
diens, and angustidens Zones. The base of the Series, however, requires some modification because of
the revised taxonomy of two species (Pristiograptus bugensius and P. aduncus), which the present author
assigns both to Neocolonograptu s lochkovensis. The Series lower boundary has also been shifted to run
through the bottom of a new, ultimus Zone, that is within the early Pfidoli , and not through that of the
bugensius Zone as was earli er suggested (Fig. 1).

The critical part of the sec tion embraces the interva l between 1601.5 and 1611.7 m (10.2 m). It yields
at various depths the following graptolite species (Fig. 1):
1611.7-1608.5 m Pristiograptus ex.gr. dubius SUESS
1611.7-1607.4 m Istrograptu s transgrediens rarus (TELLER)
1606.4-1601.5 m Neocolonograptus ultimus (PERNER)
1608.5-1607.4 m Linograptu s posth umus (Re inhard RICHTER).

The highest form belongs to P. dubius s. l., a conservative lineage which persisted since the Wenlock.
Its representatives appear abruptly at vary ing time intervals and in large numbers mark ing each time
a popul ation burst. Morphological differences between successive population s are, however, fairl y small,
and as such can be regarded as intraspecific variation. Therefore, in spite of the fact that the populations
are distinctly separated from one another by representatives of other species, it would be hardl y reason able
to classify each popul ation as a separate species. Thus P. ex .gr. dubiu s has no stratigra phic significance
and its presence can merely be recorded.

The next in line , lstrograptus transgrediens rarus (TELLER), is repre sented by a dozen or so clearly
distinctive specimens. Their diagnostic feature is a beak-like fir st theca made up of two elaborated lateral
lobes whilst the remaining thecae are all straight, of the dubius type . The ancestors of this subspecies can
probably be found among Pfidolian pristograptids. With a high degree of probability we can posit that
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Fig . 1
Vertical ranges of the Pridoli monograptids within the Chelm IG-I wellcore and suggested zonal subdivision.

I. t. rarus gives rise to the transgrediens phylogenetic stock, which, in the Chelm IG-l section, is
represented by at least three further distinct populations (cf. p. 73).

Neocolonograptus II IJilllUS ( PERNER) is the most important form encountered at a depth of 1606.4
1601.5 m (Fig. 1). It marks the ultimus Zone which is here no more than 4.9 m thick , a small zonal
thickness not dissimilar to that found in the Mielnik IG-l section - 3.4 m ( URBANEK this volume p. 168).
It should, however, be noted that the Chelm IG-l ultimus Zone may be eve n thicker give n the section's
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location on the EEP slope and, moreover, it may also embrace some of the uncored interval at a depth
between 1601.5 and 1599.9 m.

Putting aside all the uncertainties, it is clear that the ultimus Zone of the Chelm IG-l section is at least
4.9 m thick and that it is the oldest Pfidoli zone established there on a faunal basis. Whether the part of
the section between 1611.7 and 1606.4 m (4.3 m) is also part of the ultimus Zone or whether it already
belongs to the parultimus Zone, rem ains an open que stion.

The above interval of the section also contains Linograptus posthumus (Reinhard RICHTER) (1608 .5
1607.4 m) ( 1.1 m). Thi s species occurs discontinuously throughout the entire section of the series drilled
(Fig. 1), displaying short periods of mass occurrence discussed below.

The interval of 1599.9-1529.6 m (70.3 m) (Fig. 1) features a mass occurrence of Neocolonograptus
lochko vensis (PRIBYL) showing different astogenetic stages . Thi s form , highly characteristic and typical
of that part of the Pfidoli Series, shows great intraspecific variation, a fact which originally led to its
division into two separate species , P. bugensiu s and P. adun cus, included in the bugensius Zone (TELLER
1964). The lochkovensis Zone was proposed as early as 1960 (TELLER 1960), but , as now recognized, both
its stratigraphic position and species identification were erroneous.

Having revised the identifications, the author has ass igned all the forms of bugensius (1599 .9
1529.6 m) and adun cus (1573 .5-1530.5 m) to Neocolonograptus lochkovensis PRIBYL. In this way, the
lochkovensis Zone, who se boundaries are marked by the first appearance of the index species at a depth
of 1599.9 m and by its disappearance at a depth of 1529.6 m, has been recognized in the Chelm IG-1
section as having a thickness of 70.3 m.

Within the vertical range of the inde x species there are two intervals with mass occurrences of L.
posthumus (Reinhard RICHTER), at a depth of 1599.0-1589 .0 m (10 m) and 1573.3-1549.4 m (23.9 m),
respectively (Fig. 1).

In the Mieln ik IG-1 boring, URBAN EK (this volume) subdivides the lochko vensis Zone into the lower,
branikensis Subzone and the upper, lochkovensis Subzone. Th e two are separated by Monograptus
(Dulebograptus) trim orphus TSEGELNJUK. Thi s subdivision is not recognizable in the Chelm IG-1 section
(see the discussion following the description of the lochkovensis Zon e).

At the top of the lochkovensis Zone, at a depth of 1529.7 m, appears a highly distinctive elongated
and slim form whose first two thec ae are beak-like and the rest represent the dub ius s.l. type . That form ,
describ ed (TELLER 1964) as a P. chelmensis, marks a separate zone at depths 1529 .7-1480.8 m (48.9 m).
At the top, it is replaced by a much broader and more robu st form with at least the fir st three thecae
beak-like, identified (TELLER 1964) as P. samsonowiczi and marking another independent zone at depths
1480.8-1459.85 m (20.95 m) (Fig. 1).

In the course of a recent revision , the author now recogni zes that both of these species belong to the
trans grediens morpho-type and has instead formed two sequential subspecies of I. t. tran sgrediens out of
them , namely I. t. chelmensis and I. t. samsonowiczi (Fig. 1).

The above two zones also contain three intervals featuring a mass occurrence of L. posthumus
(Reinhard RICHTER). They lie at depths 1518.2-1497.1 m (2 1.1 m), 1486 .1-1471.0 m (15.1 m), and
1466.8-1465.4 m (1.4 m).

At depths of 1459.8-1437.3 m (22.5 m), onl y benthic faunas were encountered. It is the fir st of the
three barren, nongrapt ollitiferous intervals in the section.

The interv al between 1437 .3 and 1434.8 m (2.5 m) contains a well -defined species, Monograptus
bouceki , constituting the eponymous zone. Towards the top, M. bouceki gives way to M. pern eri which
occupies the interval between 1434.8-1430.9 m. (3.9 m) and marks a distinct and well -defined eponymous
zone (Fig. 1). Both zones were originally establi shed in the Prague Basin (PRIBY L 1940) and have
subsequently been recogni zed in other sections of the world. They constitute reliable correlation markers
for this part of the Pfidoli Seri es.

Abo ve the perneri Zon e, two interval s with L. posthumus (Reinhard RICHTER) have been recorded,
lying at a depths of 1427.5-1420.8 m (6.7 m) and 1398 .5-1 396.4 m (2.1 m), respectively. The narrow
interval, 141 8.9-1419.5 m (0.6 m), yields a proximal fragment of a Mono graptus rhabdosome showing a
preserved sicula and thre e thec ae. In their morphology, the thecae clo sely resemble tho se of M. hornyi
JAEGER, a species described by JAEGER in KRIZ et al. (1986) from the Prague Basin and having about the
same stratigraphic position there.

The interval between 1396.4 and 1362.6 m (33.8 m) (Fig. 1) contains an abundant graptolite complex
representing variou s astogenetic form s belonging to the transgrediens morphotype . The present author
(TELLER 1964) earlier desc ribed, within this complex, three new species, P. separabils, P. admirabilis, and
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P. perbrevis, and also typical forms of P. transgrediens (s.s.). Two of the species, P. admirabilis and P.
perbrevis, not unlike the type form, were then considered index species . Following the present revision, those
new species distinguished at the time are now all re-assigned to lstrograptus transgrediens transgrediens
(PERNER) because they represent only different developmental stages of the type form. Thus the transgrediens
Zone has become increased to include the above interval, its total thickness now being 33.8 m.

Above the transgrediens Zone, up to a depth of 1234.4 m (128 .2 m), the section yields no graptolites.
Benthic faunas, however, are rather abundant (KOREJWO and TELLER 1964), while at a depth of 1257.8
1257.0 m (0.8 m) there is a limestone layer containing orthocones, bivalves, and conodonts indicative of
the uppermost Pfidoli - the eosteinhornensis conodont Zone (WOLSKA 1969).

Still higher up, between the depth of 1234.4 m and the erosional boundary with the Visean at 1207.7 m
(26.7 m), graptolites were again encountered, together with a highly abundant benthic fauna (KOREJWO
and TELLER 1964) . Among the graptolites are several specimens belonging to Monograptus angustidens
PRIBYL (1234.4-1211.8 m) (22.6 m) and one of M. uniformis PRIBYL (1209.2-1209.0 m) (0.2 m) in
association with Acastella cf. tiro R.E. RICHTER, pointing to an early Gedinian age for this part of the
section. The Silurian (Pfidoli)/ Lower Devonian (Lochkovian) boundary can be tentatively drawn in the
Chelm IG-I section at a depth of 1234.4 m, that is at the first appearance of M. angustidens. This species
also marks the eponymous zone, which is here about 22.6 m thick (1234.4-1211.8 m) (Fig. I), while the
youngest uniformis Zone is represented only by 4.1 m of sediments (1211 .8-1207.7 m).

The angustidens Zone features mass occurence of linograptids, for the ninth time in this section. Their
accumulations occur between the depths of 1227.8-1212.0 m (15.8 m).

There are three nongraptolitiferous intervals in the Chelm IG-I section, at depths 1459.85-1437.3 m
(22.55 m), 1430.9-1396.4 m (34.5 m), and 1362.6-1234.4 m (128.2 m).

The first interval, 1459.85-1437.3 m (Fig. 1) has yielded some representatives of benthos and not
a single graptolite fragment (KOREJWO and TELLER 1964). The second, 1430.9-1396.4 m, features only
two population bursts of L. posthumus (Reinhard RICHTER) assemblages, and a fairly abundant benthic
fauna . What we observe here is a distinct diversity decrease leading to the domination by a single species.
This becomes even more conspicuous due to the fact that at a depth of 1437.3-1430.9 m (6.4 m) the first
two nongraptolitiferous intervals are separated by a sudden appearance of cryptic elements (URBANEK
1993), namely M. bouceki and M. perneri . Being markers of separate graptolite zones, both of them occupy
the same stratigraphic position in many sections all over the world , which confirms the global nature of
this phenomenon.

The third nongraptolitiferous interval, 1362.6-1234.4 m (Fig. 1), contains benthic fauna alone, but the
interval is preceded by 23.8 m of claystones displaying the presence of numerous I. t. transgrediens
(1386.4-1362.6 m). This species belongs to a rather well-established phylogenetic line, confined to the
Pfidoli. It does not cut across the tentatively drawn SilurianlDevonian boundary, which in the Chelm IG-I
section is marked by the first appearance of M. angustidens superseded by M. uniformis. Both the species,
associated with the uncinatus group appearing here after a fairly long break, can be described as typical
immigrants. It is L. posthumus, which reappears in great numbers after a long absence, that alone can be
regarded as a surviving species. In the final stage of its occurrence, L. posthumus undergoes a limited
radiation giving rise to a new genus Abiesgraptus.

The distribution of L. posthumus (Reinhard RICHTER) should also be briefly summarized. It appears in
the Chelm IG-I vertical section as many as nine times (Fig . I), each appearance being expressed as a
population burst. Five from among the nine outbursts were short-lived (in terms of geological time):
(1608.5-1607.4 m, 1599.0-1589.0 m, 1465.4-1466.8 m, 1427.5-1420.8 m, and 1398.5-1396.4 m), where
as the remaining four : 1573.4-1549.4 m, 1518.2-1497.1 m, 1486.1-14771.0 m, and 1227.8-1212.0 m
lasted much longer. Not unlike P. dubius, L. posthumus belong to surviving species comprising a relic
assemblage (URBANEK 1993). Limited radiation occurs not earlier than in the Lochkovian, although the
Chelm IG-I section has yielded, at a depth of 1553.95-1553.5 m one specimen which might have been a
precursor of the above changes (TELLER 1964).

A comparison with other areas. - Graptolitiferous deposits of the Pfidoli Series have been en
countered in many sections throughout the world . But outside the Prague Basin, the series is most complete
in Poland (TELLER 1964, 1966, 1969, 1987).

Prague Basin. - This region contains well-developed sequences of the Pfidoli Series, and it is here
that the stratotype (Pozary section) was established (KRIZ et al. 1986, 1989). The graptolite sequence as
set up by PRIBYL (1940, 1983) was only slightly altered by JAEGER in KRIZ et al. (1986) but these changes
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made less cle ar the subdivision functioning for many years, especially in as far as the lochkovensis Zone
and the transgrediens Interzone are concerned.

As the Chelm IG-l section displays all the major graptolite zon es, with the only exception of the
parultimus Zone in the bottom, the correlation of its Pfidoli Series with that of the Prague Basin is fairly
easy. It was made for the first time as early as 1956 (TOMCZYK and TELLER 1956), while a detailed
correlation dates from 1964 (TELLER 1964). The current revision of the material from the Chelm IG-l
section has revealed some differences as compared with JAEGER 'S subdivision (in KRIZ et al. 1986).

The lack of the parultimus Zone in the Chelm IG-l section is compensated for by its presence in the
nearby Mielnik IG-l section (URBANEK this volume, p. 166). Th e younger ultimus Zon e is in the Chelm
IG-l section rather thin (4.9 m), although thicker than it is in the Mielnik IG-l borehole - 3.4 m (URBANEK
this volume, p. 168). Both of the se values cannot, however, be compared with their equivalent in the
Prague Basin because of the different palaeogeographic features of the two regions. The column or sections
presented by JAEGER (in KRIZ et al. 1986 ) show that , locally, the zone in question attains a th ickness of
as many as 4 m (Kosov Qu arry ) in the Prague Basin , although in most case s it doe s not exceed I m.
According to PRIBYL ( 1983) , the thickn ess of this zone varies from 1.5 to 6.1 m. However, the latter author
does not distingui sh the pa rultimus Zone, as he does not recognize the validity of thi s spec ies (personal
information).

JAEGER'S (in KRIZ et al 1986) subdivision of the lochkovensis Zon e into three subzones has not been
corroborated by the data from the Chelm IG-l section. What can be ob served here is a fairl y thick (70 m)
interval of the lochkovensis Zone marked by the inde x species alone.

PRIBYL (1940, 1983) reco gnizes the lochkovensis Zone in the Prague Basin, but unlike JAEGER he doe s
not subdivide it into three subzo nes . PRIBYL (1940, 1983) and JAEGER (in KRIZ et al. 1986) agrees in
establishing the bouceki Zon e (with a thickness of 2.0- 3.5 m) above the lochkovensis bed s. Further up in
the Prague Basin the former is repl aced by the 2.0-3.0 m thick perneri Zone. Thi s situation is similar to
the Chelm IG-l sec tion not onl y from the point of view of the presen ce of both species but al so of the
thickness of the zones. JAEGER (in KRI Z et al. 1986) introduces, between the two zones , the M. beatus
Band. Such a sequence has not been observ ed in Chelm IG-l, but recorded at a depth of 1418.9-1419.5
m was a fragm ent which might be described as M. hornyi , a form ori ginating from the Prague Basin.

No M. pridoliensis has been encountered either in the Chelm IG-l section or in any other coeval
sequence of the Poli sh part of the EEP. Hence no zone of this name can be distinguished there. Nevertheless
PRIB YL (198 3) has establi shed an independent pridoliensis Zone 1.5-6.3 m thick, recording in its top also
the presence of M. rectifo rmis, a spec ies unknown in Poland According to JAEGER (in KRIZ et al. 1986),
the Pfidoli sec tion of the Prague Basin is crowned by the transgrediens Interzone, whi ch PRIBYL (1940,
1983) defined as zone. Thi s sequence has its ana logues both in the Chelm IG-l borehole and in other
Poli sh sections. JAEGER 'S suggestion introducing an interzone seems to the present author uncl ear. In the
Chelm IG-l section, and not onl y there , the transgrediens morphotype features a distinct line of develop
ment: I. t. rarus, I. t. chelmiensis, and I. t. samso now iczi, whi ch makes it possible to distin guish at least
three separate zones within the Pfidoli. Both in the Chelm IG-l sec tion and in the Prague Basin, the I . t.
transgrediens Zone terminates the Pfidoli Series and with it, the Silurian .

The onset of the Devoni an in both the Prague Basin and the Chelrn IG-l sec tion is marked by the
presence of two typical graptolites, M. angust idens and M. uniformis. According to JAEGER (1959), the
first of them is a subspec ies of the other, therefore not a zone but merel y some basal beds should be
recognized at the bott om of the sequence, and the only zone to be established there is the uniformis Zone.
Within the Chelrn IG-l sec tion the se form s occur separately and fun ction as index species of two
independent zones The current analys is of the Chelrn IG-l graptolite sequence shows no considerable
deviation from the results obtained by PRIBYL (1983) and JAEGER (in KRIZ et al. 1986 ) in their revi sions
of the Prague Basin . The small differences may have various causes and are of little significance for the
biostratigraphic correlation of the two regions.

The predominance of carbonate sediments in the Pragu e Basin can be accounted for by its geographic
position and chiefly shallow nerritic faci es in the Pfidoli time. The richness and abundance of the benthic
faun a in the basin is not always matched by equal de velopment of the graptoloid plankton whose diver sity
was controlled by a number of factor s, e.g. tide s, storms, water temperature, and wind direction. This
explains why a continuous presence of graptolites was impossible in the Prague Basin. The possibility of
break s in sedimentation or periods with hard grounds ca nnot be eliminated either.

In the EEP, well-establi shed graptolitiferou s sec tions of Pfidoli age are chiefly confined to the EEP
slope region . The Palaeozoic sedimentary cove r, overlying the Precambrian basement, was neither folded
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nor metamorphosed. The marine basin of a bath yal type had unre stricted open connections with the SW
branch of the Caledonian geosyncline. Graptolitic plankton, thu s, could easily drift, which resulted in
a greater diversity of the graptoloid fauna making possible its more detailed analysis. The thickness of
the sediments is also of importance.

One more proof of close Upper Silurian connections between the Prague Basin and the SE part of
Poland is the pre sence of an extremely rich and diverse Pfidoli benthic fauna in the Chelrn IG-I section
(KOR EJWO and TELLER 1964). Its composition is similar to that of the Prague Basin , revealing equ ally
strong ties with the Mediterranean Palaeotethys.

Wolhynia and Podolia. - In the territory of Volhynia and Podolia sedime nts of Pi'idoli age have been
recognized in many boreholes, but onl y some of them contain graptolite fauna, and that of the lower
members of the series alone . One of the ea rliest descriptions of the graptolite faun a from this area
[boreholes: Gushcha-4015, Toma sho vka-4116, and Pishcha-I , KRANDlEVSKY et al . (1968)] lists a number
of species typical of the Pi'idoli and used as a basis for the regional zon al subdivision. Two zones were
established for the Pfidoli , kno wn then as the Tiver.

The fourth (IV) Volhynian zone with M. ultimus as the inde x species was recognised in the Gushcha
-4015 borehole, at a depth of 677.2-626.8 m. It is supposed to be characterized by Monoclimacis ultimus
(PERNER), Mon ograptus similis PRIB YL (= Monograptus pridoliensis PRIBYL), Mon ograptus simi lis PRI BYL
(= Monograptus pridoliensis PRIBYL) var. trian gul atu s subsp. n. KRAND, and Lin ograptus posthumus
(Reinhard RICHTER).

The fifth (V) Volhynian zone with Pristiograptus spectatus PRIB YL as the index spec ies was also
established in the Gushcha-4015 section, at a depth of 826 .8-563.5 m. The index species is presumably
accompanied by Monograptus similis PRIBYL (= Monograptus pridol iensis PRIBYL) and M. similis
(= Monograptus pridoliensis PRIBYL) var. triangulatus subsp. n. KRAND.

In the standard international biostratigraphic subdivision, these two regional Volhynian zones are
believed to corres pond to the ult imus and lochk ovensis Zones of the Pra gue Basin (PRIB YL 1940) and also
to the bugensius and samsono wiczi Zones from the nearb y Chelrn IG-I borehole (TELLER 1964).

In his description of the Gushcha-40 15 section Krandievsky also records other graptolite spec ies,
including a mass occurrence of M.formosus at a depth of 821.7-677.2 m and Mon ograptus lochkovensis
at a depth of 821.7-677.2 m (in the same interval), whil st the presence of M. similis PRIB YL (= M.
pridol ensis PRIB YL), was reported from a depth of 778.5 -563.6 m.

If all the abo ve identifications were correct, it would be possible to accept that the Gu shcha-4015
sec tion contains the early Pfidoli Zon es of parultimus, ultimus, and lochkovensis . Thi s would be in accord
with the sequence recognized in not too remote sections in Mieln ik IG-I (URBANEK, this vo lume, p. 97)
and Chelm IG-I (TELLER, thi s volume, p. 62), lying west of the frontier River Bug.

KRANDI EVSKY'S et at. (1968) identifications, however, are not quite reliable (cf. descriptions and the
Tables), and his stratigraphic conclus ions are also doubtful , and hard to accept.

The next approach to the graptolite fauna from the borings in the above -mentioned area was made by
TSEGELNJ UK (l976a, b). He etched the materi al from several boreholes, obtaining a rich graptolite faun a
isolated from the rock matri x. The vas t majority of the graptolites, coming chiefly from the Bre st-I and
Gushcha-4015 borings, however, provide evidence of the presenc e of onl y the Ludfordi an stage . Typic al
Pfid oli species have been recorded in no more than four wells . The Yegorany-409 borecore has yielded
at a depth of 277 .1 m I. t. rarus TELLER, which in the Chelm IG-I section was identified from the interval
between 1611.7-1607.4 m. The Davideny-I section contains M. pe rneri BOUCEK (2227.0-2232.0 m), and
the Gushcha-4015 borehole features M. ultimus at a depth of 662.4-676.0 m, whereas in the Tomashov
ka-4116 well I. tran sgrediens has been encountered at a depth of 640 m.

Unfortunately, the stratigraphic methods appl ied by TSEGELNJUK to the study of the materi al in question
were woefully inadequate, resulting in a high degree of confus ion. Thi s is es pec ially true of the Ludfordian
fauna, as is shown in detail by URBANEK (thi s volume, p. 43), and the present author full y shares his
objections.

As far as species permitting the establishm ent of the Pfidoli Series are conc erned, the spec ies listed
by TSEGELNJUK are also pre sent in the Chelm IG-I section (TELLER 1964). The correlation of I. t . rarus
TELLER and M. perner i creates no problems, provided the identifications are correct. However, the
supposed 14-mete r thick bed bearing ultimus in the Gushcha-4015 section see ms to be an exagerration in
comparison with that in the nearby Chetm IG-I and Mielnik IG-I borin gs. It seems likely that the
662.4-676.0 m interval embraces both the pa rulti mus and ultimus Zones. I. tran sgredien s , recorded in the



THE PRIDOLI SERIES 67

Tomashovka-4116 boring is, however, an entirely different matter. According to JAEGER (in KRIZ et al.
1986), the transgrediens morphotype can be encountered in different zones of the Pfidoli Series, and, what
is more, he introduces a subzone based on this species. In the Chelm IG-l section, the I. transgrediens
morphotype reappears at least four times, beginning with I. rarus in the bottom and ending in I . t.
transgrediens at the top. From TSEGELNJUK'S (1976b) considerations it is not at all clear which morph he
is discussing, for it can be anything - a Lower, Middle or Upper Pfidoli form. It also seems strange that
TSEGELNJUK (1976b) skips over KRANDlEVSKY'S et al. (1968) identifications and conclusions, although
the material for analysis comes in both cases from the same source.

A close correlation between the Pfidoli Series of the Bug Depression and that of the adjacent area lying
E of the frontier river Bug is practically impossible. This is a great disappointment, for the graptolite
fauna, obtained chiefly by TSEGELNJUK (1976b), is represented by a qualitatively and quantitatively rich
association, which raises it, alongside the Polish assemblage (URBANEK 1970 and this volume; TELLER
1964 and this volume), to a very high rank of second in the world.

Central Asia. - In Kazakhstan the Pfidoli Series was established as early as the 1960s but was then
included in the Tokrau horizon (local stage?) recognized by BANDALETOV and MIKHAJLOVA (1971) . The
first graptolites suggestive of the Pfidoli Series were identified by MIKHAJLOVA (1971, 1976) and revised
by KOREN' (1983) who also described a number of new taxa. From the viewpoint of the present author,
this more detailed study may raise some doubts, as the sequence features several new forms typical of the
Ludlow (Ludfordian) rather than the Pfidoli,

The same graptolite assemblage from the Tokrau horizon was described by KOREN' (1986) again,
almost without changing its stratigraphic position. A further analysis of the fauna was presented in 1989
(KOREN' 1989). It was stressed in the conclusions (KOREN' 1989: p. 155) that the graptolite fauna in the
Tokrau horizon did not provide full information about late Silurian graptolites (Ludfordian and Pfidoli),

No matter how interesting, the Pfidoli section of the Tokrau Regional Stage cannot at present be
correlated with other coeval sections, including the Chelm IG-l parastratotype in Poland. This may be
a consequence of intense tectonic deformation of the beds, making impossible an accurate reconstruction
of the graptolite sequence. Naturally, one cannot exclude the presence here of some fragments of the
Pfidoli Series, but the bulk of the graptolite fauna described up to now bears a Ludlow, especially
Ludfordian, aspect. Any degree of provincialism of this fauna can hardly be taken into account because
in the not too remote sections of South Tien Shan the Pridoli fauna appears in its typically cosmopolitan
composition.

Tien Shan. - In Central Asia, the most complete Pfidoli sections have been recognized in South Tien
Shan. RINENBERG (in OBUT et al. 1968) describes a number of taxa indicative of the bouceki, perneri,
bugensius, and chelmiensis Zones. ABDUAZIMOVA (1970) also reports the presence, in the section on the
Isfara River, of a bugensius form, which in view of the revision presented herein is now assigned to
lochkovensis.

Further data concerning the presence of the Pfidoli Series in this region have been provided by
SOLONCHENKO and RINENBERG (1984) who have recorded not only Monograptus bouceki, but also a num
ber of other taxa characteristic of the Lower Devonian. RINENBERG (1985) also mentions some repre
sentatives of the Pridoli in the Isfara horizon Regional Stage of the Fergana Valley margin, suggesting
that there, the morphotypes of the transgrediens stock eo-occur with M. formosus, M. bouceki, and M.
perneri - the taxa characteristic of the Pfidoli Series.

These data are , however, too fragmentary to provide a complete picture of the Series and the graptolites
it contains. Nevertheless, RINENBERG (1985) correlates the sections studied by her with the Prague Basin
and the Chelm IG-l section.

In their discussion of a biozonal scheme for the Upper Silurian of the Turkestan-Alai, KOREN', and
LYTOCHKIN (1992) recognize, within the Pridoli Series, the following Zones: parultimus, ultimus, bra
nikensis, M. aff. lochkovensis, M. bouceki, M. ex .gr. transgrediens, and M. transgrediens. They provide
a correlation with the Prague Basin and with the zonal scheme established for it by JAEGER (in KRIZ et
al. 1986). This correlation seems to be perfectly correct in relation to the parultimus, bouceki, and
transgrediens s.s . Zones, but it becomes dubious as regards M. branikensis, M. aff. lochkovensis, and M.
ex. gr. transgrediens.

M. branikensis was distinguished by JAEGER (in KRIZ et al. 1986) only once in the Branik section, in
a one-meter band underlying the pridoliensis Zone. He also presumes its presence (JAEGER in KRIZ et al
1986) in the Hvizdalka section, but much higher up, at the boundary between the pridolensis Zone and
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the upper lochkovensis Subzone. In the pre sent autho r's opinion the diagnosis of M. branikensis is
generalised and unconvincing. JAEGER himself points to its similar ity with lochkovensis and the difficulty
in di stin gui shing one from the other, es pecially in the ju venile stag es .

Havin g studied the holotype and the paratypes of the spec ies in question in Prague, 1992, the present
author is inclined to ass ign the taxon identified by JAEGER to Neoco lonog raptus lochkovensis , a form
showing great int raspeci fic variation. The stra tig raphic posit ion of the ta xon - above the ultimus and below
the pridolensis Zone - is in confo rmity with that of the lower part of the lochkovensis Zone.

In Tien Sh an , the stratigraphic position of M. branik ensis see ms to be similar to the interval occupied
by the low er lochkovensis Zone (JAEGER in KRIZ et al. 1986).

As to the form itself, the present author believes, after havin g examined the typ e materi al in St.
Petersburg, that it should be identified as lochkovensis. KOREN' and SUYARKOVA (persona l comunication)
have also identi fied a new species N. tumultuosus KOREN' et SUYARKOVA. The taxon is very similar and
most probabl y conspecific with N. loclzkovensis. In the Tien Shan section, it occurs above branikensis and
below bouceki, whi ch co nfirms the autho r's co nv iction that it also represents the lochkovensis Zone. It is
hard to find a rel iable justificati on for the fundamental difference between the Pridoli grapto lite faunas
of Tien Shan, on the on e hand, and tho se fro m the Pragu e Basin or the parastratotype Ch elm IG-l sec tion,
on the other. Wh y should only these two spec ies , that are hardly di stinquishable from N. lochkovensis , be
an indication of provinciali sm , when all those recogni zed above and below are cos mo politan?

Such species as Monograptu s bouceki , M. perneri , and !strograptus transgrediens provide anothe r
indicator of a close similarity between the sec tions , the Pfidoli Seri es of Tien Sh an being a so rt of a replica
of the zo nal sequences in the Pragu e Basin and in Pol and. In the EEP part of Pol and with its unfolded
sequence, the last of the three abov e species yields severa l distinct population s, co nstituting an evolution
ary lin eage. In Tien Sh an , the transgrediens morphotype has been recorded in di fferent interval s, being
identified as s.1. and s.s . It is likely that eac h of the intervals contains a separate morph which would allow
a co rrelation of the who le with the Poli sh seque nce , resulting in a very similar picture.

Th e Tien Sh an sections are tectonically highly deformed and isol ated fro m on e another, making studies
of them susceptible to error. Nevertheless, it is highly probabl e that the Pfidoli seque nces of Tien Shan
are very comparabl e to the sections kn own from the EEP (TELLER 1964) and the Prague Basin (PRIBYL
1940; JAEGER in KRIZ et at. 1986). It is its tectoni c invol vm ent and incomplete knowled ge of the gra ptolite
fauna that make an accurate co rre lation impossible.
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Teller. L. 1997. Revision of certain Pfidoli monograptids from the Chelm keysection
(EE P). In: A. Urbanek and L. Teller (eds ), Silurian Graptolite Faunas in the East European
Platform: Stratigrap hy and Evolution. - Palaeontologia Polonica 56 , 71- 85.

A review and revision of important graptol ite index species for the Pfidoli Series (Silurian)
are give n. P ra ms Teller. P chelmiensis Teller, and P samsonowiczi Teller are herein
regarded as chronos ubspecies of the single lstrograptus transgrediens (Pemer) lineage.
while some other taxa described in the 1964 paper proved to be mere ly astogenetic variants
of the latter species. P bugensius Teller and P aduncus Teller are now considere d j unior
synonyms of Colonograp tus lochkovensis Pfib yl, The latter species is assigned to a new
genus, Neoco lonograptus. erected in this volume by Urbanek. A revi sed scheme of the
Pridoli zona l subdivision based on graptolites is presented.
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The grapto lite fauna from the Chelm IG-l borehole was recognized in 1956, its description being
published four years later (TELLER 1964) . The study discu ssed all the taxa encountered in the core,
pro viding a correlation with the Prague Basin . Evidence was pre sented of the pre sence of all Pridoli zones
except for the lowest part of the Seri es which, according to much later findings (JAEGER in KRIZ et al.
1986), corresponds to the parultimus Zone. In total , eight new spec ies wer e described then, making the
section of the Pfidoli Series more complete.

With the course of time , as the presence of Pfidoli graptolites was reported from various part s of the
world, even if from fragmentary sections, it became nece ssary to revi se the graptolite faun a from Chelm
IG-l , a keyboring for the EEP.

A restudy of the origin al materials has revealed that such taxa as Pristiograptus bugensius TELLER,
and P aduncus TELLER are conspeci fic with Neocolonograptus lochkovensis (PRIB YL). Both the species
have been listed as synonyms of N. lochkovensis (PRIB YL), which for the first time in Pol and is described
herein on the basis of non-i solated mate rial. Its recognition in the Chelrn IG-l section also makes possibl e
to establish the lochkovensis Zone, about 70 m thick.

Revision has embraced all the form s having a morphotype similar to that of dubius. Some, such as
l strograptus t. rarus (TELLER), Istrograptus t. chelmiensis (TELLER), Istrograptus t. sam sonowiczi
(TELLER), and lstrograptus t. tran sgrediens (PERNER) created no problems. Thi s allowed the recognition
of the transgredi ens phylogenetic stock, prob ably initiated in the latest Ludfordian from an unknown
ances tor of the Pristio graptus dubius group. It continues via chronosub species raru s-chelmiensis- sam
sonowiczi and end s up in tran sgrediens.

Moreover such taxa as P admirabilis TELLER, P separabilis TELLER, and P perbrevis TELLER (TELLER
1964) have been redefined as ju venil e stages in the astogeny of a typical f . t. transgrediens (P ER NER) and
listed as synony ms of that spec ies .

The revision has resulted in es tablishing a somewhat modified zonal subdivision of the Pfidoli Series
for the keysectoin from the Chelm IG-I borehole and the Poli sh part of the EEP. From top to bottom, the
following Zones are recognized: transgrediens, perneri , bouceki, samsonowicz i, che lmiens is, lochkoven
sis, ultimus (see also the Table 1, p. 62).

The above sequence is almost identi cal with that in the Prague Basin (PRIBY L 1940 , 1983; JAEGER in
KRIZ et al. 1986) and very close to the one established by KOREN' et al. (1992) for the Tien Shan sections.
Meanwhile individual zones can be correlated with the various sections around the world.

The material illustrated in the pre sent paper is hou sed at the Institute of Palaeobiology of the Poli sh
Academy of Scienc es, Warszaw a, Pol and , and desi gnated in the collection as ZPAL G.XXI.
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THE TRANSGREDIENS STOCK

In spite of the recent more detailed knowledge of the morphology and astogeny of this species,
disa ppearing ult imately in the uppermost Silurian, its phy logeny remains unclear. The I. t. transgrediens
(PERNER) lineage is linked with the gen us Pristiograptus which formed the stem group for the evo lution
of the Upper Silurian forms resembling it in basic morp hology but differing in the structure of proximal
thecae (KOREN' and URBANEK 1994 ; URBANEK 1997).

The ancestor of the true I. t. transgrediens (PERNER) form shou ld be looked for among those Pfidol i
species which resemble the transgrediens morp hotype. The Chelm IG- l section features three intervals
con taining such morphotypes (Fig . 1).

The first of them, the rarus morp hotype, occ urs in the Lower Pfidol i, in the N. parultimus and
N. ultimus Zones. The form possesses a distinctly beak-like aperture of the first theca. The aperture is
made up of two separate ear-like lobes. The successive thecae are tube- like, with straight apertures of the
dubius type. It is at the very margi n of the aperture that a slight roll- like thickening can be seen. The form
is now classified as I. t. rarus (TELLER).

The subseq uent younger form of the stock is I. t. chelmiensis (TELLER) . It is characterized by possessing
beak-like apertures in the first two thecae. Their struc ture is simi lar to that observed in I. t. rarus (TELLER).
Subseq uent thecae are of the dubius type with straight apertures whi le, on the who le, the taxon is slimmer
than the type species. The occ urrence of I. t. chelmiensis (TELLER), confined to a closely defi ned interval
above N. lochkovensis (PRIBYL, forms a separate zone about 50 m thick. In the top part of the zone it is

GRAPTOLlTE
ZONES

I. TRANSGREDIENS STOCK

transgrediens I. t. transgrediens

perneri

I. t. rarus

?

ultimus

parultimus

....I bouceki

0

0 samsonowiczi I. t. samsonowiczi

>a:: chelmiensis I. t. chelmiensis
o,

lochkovensis

Fig . I
Chronosubspecies of the Istrograptus transgrediens stock . Width visualizes abundance of the taxo n

within a given interval.
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accompanied by I. t. sam sonowiczi (TELLER) which con stitutes the next link in the phylogenetic line. In
thi s form, three sub sequent proximal thecae show beak-like apertures resembling the ancestral rarus, the
remaining thecae being straight, of the dubius type. In its general appearance the form is shorter than the
preceding one but is more robu st. In the Chelm IG-I section, I . t. samsonowiczi (TELLER) marks an
independent zone.

The sam sonowiczi Zone is separated from the overlying bouceki Zone by a 23-meter nongraptolitic
interval (cf. p. 63 herein) . As to the bouceki Zone, it has yielded only one rhabdosome devoid of the
pro ximal part but having thecae of the dubius type.

I. t. tran sgrediens (PERNER), the species terminating the tran sgrediens stock, is separated from I. t.
samsonowiczi (TELLER) not only by the pern eri Zone but also by one more nongraptolitic interval. The
proximal part of thi s species features four or even five thecae with beak-like apertures. The success ive
two or three thecae may be in some cases slightly elaborated, but as a rule their apertures are almos t
strai ght , of the dubius type and rimmed by a roll-like thickening. The rhabdosome is long, wide and
robust.

The order of appearance of the tran sgrediens morphotype, as seen in the Ch elm IG-I borehole, may
shed light on the problems associated with the presence of thi s form in the Pi'idoli sections of the Prague
Basin and Tien Shan, reported by JAEG ER (in KRIZ et al. 1986) and KOREN' (1992), respectively. In these
sequences, the succession of the tran sgrediens morphotypes may well be very similar to that in the Chelrn
IG-I section.

Abo ve the tran sgredi ens Zon e, the Chelrn IG-I Silurian section yields no graptolites, linograptids being
the onl y exception . Monograptids do not appear earli er than the Gedinnian (Lochkovian).

PALEONTOLOGICAL DESCRIPTIONS

Family Monograptidae LAPWORTH, 1873
Subfamily Pristiograptinae JAEKEL, 1889

Genus lstrograptus TSEGELNJ UK, 1976
lstrograptus transgrediens rarus (TELLER, 1964)

(PI. I : I )

1964. Pristiograptus rarus sp. n.; T ELL ER, p. 38 , pI. I : 1-3. pI. 9 : 10-1 2. text-fi g. 3a-c.

1976 . Skalograptus rarus (T ELL ER) ; T SEGELNJUK. p. 102, pI. 32 : 6-9.

Holotype : Form described by the present auth or in 1964 and illustrated there in PI. I : 1 and PI. 9: 10 from the depth of
1610 .5-1 611.1 m.

Material. - Four well and several rather poorly preserved rhabdosomes from the Pridoli section of
the Chelm IG -I borehole, depth 1607.4 and 1611.1 m.

Remarks. - No considerable changes need to be introduced in the holotype description except for
the part which concerns the first proximal theca. The beak-like appearance of its aperture is accounted
for by the fact that two lateral lobes have been elaborated and separated by a ventral notch. They widen
slightly towards the end forming ears. All thi s creates an illu sion of a beak-like structure of the thecal
aperture. The illu sion is particularly stro ng in flattened specimens embedded in the matrix. The success ive
thec ae have a regular dubius tube-like shape. Their apertures are slightly con vex , with a roll -like thickening
at the margin. The thecal structure and the rhabdosome shape manifest a close similarity between thi s
taxon and I. t . transgrediens, although the former is much shorter and has only one beak-like theca,
whereas the latter may feature three, four or even as man y as five such thecae. The above grea t similarity
supports for classifying the taxon as a subs pecies of I. t . tran sgrediens and recognizing it as the initial
form of the tran sgrediens stock. It leads via chelmiensis and sam sonowiczi to the type taxon of the lineag e
(compare the description of tran sgrediensi. TSEGELNJ UK (1976) ass igns the abo ve taxon to his new genus
Skalograptus. URBANEK (p. 156, this volume) . que stions the validity of his deci sion. What is important
however, is the fact that TSEGELNJUK acknowledges the great similarity between I. t. raru s, I. t. che lmiens is
and I . t. samsono wic zi, assigning the last two form s to the same species . His suppos ition has pro ved to
be correct , but in respect to a different species.
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Stratigraphic position. - Th e form has only been documen ted fro m the bottom part of the Chelm
IG-I sec tio n, the ultimus Zo ne, and maybe from the upper part of the parultimus Zone. Its stratigraphic
posi tion is simi lar in the nearby Gu shcha-40 15 boring (TSEGELNJ UK 1976).

Geographic distribution . - Spec ies recogni zed in the EEP. Its presence in Central Asia see ms
reasonable.

Assemblage. - Neocolonograptus ultimus, Pristiograptus ex gr. dubius, and Linograptus posthumus
posthumus (Re inhard RICHTER).

lstrograptus transgrediens chelmiensis (TELLER, 1964)
(PI. I: 8-9)

1964. Pristiograptus chelmiensis sp . n.; T ELLER, p. 45 , pI. 3: 5-6, pI. 4 : 1,6-8, pI. 7: 1- 7, pI. 13: 6, text -fig . 7a-c.

1978. Pristiograptus chelmiensis TELL/oR; JACKSON, LENZ, and PEDDER, p. 21, pI. 3: 10.

Holotype : Form described by the present author in 1964 and illustra ted there in PI. 3: 5; PI. 7: 3 from the dep th of
1514.1 m.

Material. - A dozen or so well-preserved rhabd osom es fro m the Pridoli sec tion of the Chelm IG-I
borehole, depth 1463.65-1 529.7 m.

Remarks. - The holotype was describ ed by the present author (TELLER 1964) as Pristiograptu s
chelmiensis. To complete the initia l description it sho uld be added that the first two proxim al thecae
posses s paired lateral ear-like lobes separated by a ventral notch . Slight widening of the lobes toward s
the end gives a deceptive beak- like impression, especially in flatte ned material or in the specimens
embedded in the matrix.

Subsequent thecae lack lateral lobes, being similar to straight tube -like shapes typical of the dubius group.
When seen laterally their apertures are slightly concave with the marg in rimmed by a roll-like thicken ing.

I. t. chelmiensis (TELLER) strongly resembles I. tran sgrediens transgrediens (PERNER). The following
characters disti ngu ish it from the type species: (a) much lesser width of the rhabdosome and slowe r
increase in widt h. This makes the subspecies discu ssed look disti nctly slimmer; (b) the presence of
elaborated lateral lobes in no mo re than the first two, rarely three, proxim al thecae, whereas in I. t.
transgrediens (PER NER) such lobes are a regular feat ure of the first three, commonly four and, rare ly, five
thecae; (c) I. t. chelmiens is (TELLER) is confined to a closely defi ned stratigraphic interval, always below
M. bouceki (PRIBYL), whereas the type I. t. transgrediens, has only been recorded above M. perneri
(BOUCEK) . The above distinguish ing features are not sufficient to allow I. t. chelmiensis (TELLER) to be
recog nized as a separa te species . It is, however, a lin k in the co ntinuous line of the transgrediens
morphological evolution and may be ident ified as a temporal subspecies.

Str a tigr aphic position . - A separate zone whose lower and upper boundaries are marked by the top
of the lochkovensis Zone and the bott om of the samso now iczi Zo ne, respectively. It lies at a depth of
1480.0-1 530.0 m and is 50 m thick.

Geographic di stribution . - A cos mopolitan spec ies. In E Poland it has been recognized in the Chelm
IG-l sect ion and in other boreho les penetrating the Pfidoli Series . Its presence has also been reported
from Arctic Ca nada, the Porcupine River.Yukon, and is not un likely in Central Asia .

Ass em bla ge. - The bottom of the interval co ntai ns Neo colonograptus lochkovensis (PRIBYL), and the
top , I. t. samsonowiczi (TELLER) and Linograptus posthumus posthumus (Reinhard RICHTER).

lstrograptus transgrediens samsonowicz i (TELLER, 1964)
(PI. 1: 6-7)

1964. Pristiograptu s samsonowiczi sp. n.: TELLER, p. 43. pI. 4 : 2-5 , 9, pI. 6: 9, pI. 8: 20, pI. I I : 9- I0, text-fi g. 6a-d.

Ho1otype: Form described by the present auth or (TELLER 1964 ) as P. samsonowiczi and illustrated there in PI. 4 : 3; PI.
6: 7 from a depth between 1462.1-1462.2 m.

Ma ter ia l. - A dozen or so well-preserved rhabdosomes from the Pfidoli of the Chelm IG-I section
at a dep th of 145 9.85-1 480.80 m.

Remarks. - Th e 1964 descriptio n of the for m requires a more detailed ana lysis in the part co ncerni ng
the first three proxim al thecae which, not unlike some proximal thecae in I. t . chelmiensis and I. t.
transg rediens, are slightly beak-like. The apertures of these thecae have elaborated paired lateral ear- like
rounded lobes separated by a ventra l notch . The ear-like shape and roundness of the lobes give a decepti ve
beak-like impression , especially stro ng in the case of specimens embedded in the matrix .
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Successive thecae, possessing no lateral lobes, are straight and tube-like as is typical of the dubius
group. Their apertures are slightly concav e, with the margin rimmed by a roll -like thickening.

Although I. t. samsonowiczi strongly rese mbles I . t. transgrediens and I . t. chelmiensis, it possesses
several distin gui shin g features: (a) I. t. samsonowiczi widens much fas ter so that its mature form is never
as long as that of the type species; (b) as a rule, I . t. samsonowiczi has three proxim al thecae with elaborated
lateral lobes, that is one more than the ear liest subspecies I. t. chelmiensis, a genera lly longer and slimmer
form . The type spec ies possesses four, more rarely, three, and frequently even five thecae with lateral
lobes; (c) the new subspeci es always occurs below the bouceki Zone and above the chelmiens is Zon e, in
an interval between 1480.80-1459.85 m, marking the samsonowiczi Zone 21 m thick ; (d) I . t. samso no 
wiczi is one more link in the final phase of the I. t. transgrediens phylogenetic stock initiated by I. t. rarus.

Stratigraphic position. - Separate zone who se upper and lower boundaries are marked by the top
of the chelmiensis and the bottom of the bouceki Zone, respectively, depth 1459.0-1480.0 m (21 m thick).

Geographic distribution. - E Poland , Chelm G1-1 and other bor eholes penetratin g the Prid oli. Th e
presence of thi s subspec ies in Cent ral Asia is not unlik ely.

Assemblage. - I. t. chelmiensis (TELLER) in the lower part of the level.

lstrograptu s transgrediens transgrediens (PERN ER, 1899)
(PI. 2: 1-11)

1899. Monograptus transgrediens sp. n.; PERNER, p. 13, pI. 17: 24.
1940. Pristiograptus transgrediens var. proximus var. n.; PRI BYL, p. 69, text- fig. 1/6.
1940. Pristiograpt us transgrediens var. n.; P RIB YL, p. 69, text-fig . 1/5.

1964 . Pristiograptus transgredien s ( PERNER) ; T ELLER, p. 52, pI. 2: 3, pI. 3: 1-4, pI. 7: 8- 12, text-fig . 11 a-c.
1964. Prist iograptus admirabilis sp. n.; T ELL ER, p. 47, pI. 5: 1-4, pi 8: 4-7, text -fig. 8a-c.
1964. Pristiograptus separabilis sp. n.; T ELLER, p. 49, pI. 2: 2,10, pI. 7: 16-1 7, text -fig . 9a-c.
1964 . Pristiograptus perbrevis sp. n.; T ELL ER; p. 50, pI. I: 7- 10, pI. 5: 6-9, pI. 8: 8- 10, tex t-f ig. 10a-c.

1986. Mo nograptus transgrediens PERNER; JAEGER, p. 326, pI. I: 15. 17-1 8, pI. 2: 12. 16-1 7, 19, 22, 25, tex t-fig. 4 Ia-c .

Material. - A few hund red we ll-preserved rhabd osomes, either in full relief or pyriti zed , showi ng
different stages of astoge ny.

Derivation. - Chelm 1G-I borehole, depth 1362.1-1 396.4 m.
Stratigraphic position. - Upp er Pfidoli , transgrediens Zone.
Description. - Rhabd osome (PI. 2: 1- 3) straig ht,w ith a slight ventral curvature starting from th7_8.

Maximum length of the adult form attains 4.4 cm, but the majorit y of the rhabdosomes encountered are
about 4 cm long. Rhabdosome width increases gradually from 0.9-1.0 (0.6-0.7) mm at th. to 1.8- 2.0
(1.2- 1.7) mm at th lO to as many as 2.2-2.25 (1.9-2.1) mm at th20. Virgul a robu st.

Sicula. - Narrow (PI. 2: 9- 11), 2.3-2.4 mm long. Its apex usually reaches as far as the base of th4 ,

sometimes a little higher than the base or eve n not furth er than th3. It widens gradually tow ards the
aperture, atta ining a width of 0.4-0.5 mm. Aper ture can be: (a) wide , almos t straight, having a hardl y
visible and slightly widened dorsal process, and a roll-like margin merging with the virgell a (PI. 2: 9, 11 ).
The aperture of the sic ula may be flared, although this is not a distingui shin g feature, that feature bein g
also present in Bohemograptus bohemicus and Monograpt us hercyn icus; (b) concave, showing a distin ct
wing- like dorsal process directed downwards (PI. 2: 10) and a thick margin al roll mergin g with the virge lla.

Dorsal process length is 0.2-0.3 mm . Rarely, one or two metasicul ar rings are present.
Thecae. - Biform. As a rule, the first three or, quit e frequentl y, four and even five thecae (PI. 2: I,

2, 7) fea ture well-developed pair ed lateral lobes. At the firs t theca, lobes are elonga ted, for ming a kind
of tongue slight ly curved downward s (PI. 2: 5, 8) . Ventral wa ll between the lobes is notched (PI. 2: 7, 8) .
In successive th2, th -, and th4, lateral lobes (PI. 2: 7, 8) stra ighten up, with the notch gradually disapp earing
so that th, or th, acquires the shape of a tube looking almos t the same as those in represent ativ es of the
dubius group. Sub sequent distal thecae are uniform, differing only in length , which increases from 1.5-1.8
mm (th 10) to 1.9- 2.3 mm (th IS) to 2.2-2.4 mm (th30) (PI. 2: I, 2, 4). Thecal width is stable 0.5 mm . Th I

buds as a rule at a distance of 0.2-0.3 mm from the sicular aperture . A line drawn across the rhabdosom e
in its distal part normally cut s through only one inter theca l septum. All apertura l margin s are provided
with a roll-like thickening that becomes thicker with the aging of the co lony and is qu ite distin ct in adult
specimens (PI. 2: 6). There are 9 thecae per 10 mm in the proxim al part and 10-11 thecae in the d istal
part of rhabdosome.
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Remarks. -I. t. transgredien s (PERN ER) has always stimulated interest of the researchers, and recently
a detailed description of its morphology has been presented (JAEGER in KRIZ et al. 1986).

PRIB YL (1940, 1943), following PERNER (1899), described thi s form from the Pra gue Basin. At that
time he recognized three subspecies (Prist iograptus t. pra ecipius PRIBYL, P. t. proximus PRIBYL, and P. t.
concretus PRIB YL). According to JAEGER, all of them ought to be regarded as asto genetic varieties of the
type species . JAEGER 'S criti cism is fully ju stified in respect of the first two subspecies . In contrast, P. t.
concretus, distinguished by PRIBYL in 1943 (p. 32) as a subspecies , was based on misinterpretation. Having
studied the holotype preserved in the Prague National Museum collection as sample No. L. 1965, the
present author was able to conclude that the specimen consisted of two superimposed rhabdosomes.
Separatel y, each of them could be an I. transgredien s.

By 1964, I. t. transgrediens (PERNER) were reported from Morocco (WATERLOT 1945) and Germany
(M UNCH 1962). In Poland this taxon was not known until 1956 when it was encountered in the Chelm
IG-l section (TOMCZYK and TELLER 1956); its detailed description was published later (TELLER 1964).
Alon g with the true I. t. transgrediens , three new allied species were recognized (P. admirabilis TELLER,
P. sepa rabilis TELLER, and P. perbrevis TELLER). Two of them were used as inde x species for establishin g
respective graptolite zones (TELLER 1964).

In the current revi sion of the above species, the present author con siders them to be juvenile stages of
the type species I. t. trans grediens (P ERNER), and as such they are listed in the present paper as synonyms.

Since 1964, the type species I. t. transgrediens has been recognized in many sections world over, except
for the Antarctic and South Am eric a. A general revi ew of its occurrences has been provided by JAEGER
(in KRIZ et al. 1986: p. 328).

Geographic distribution. - A cosmopolitan species recognized in all Upper Pfidoli sections
throughout the world.

Assemblage. - Form basically monospecific, although the vertical range of the Prague Basin displays
occasion al dendroids. Scarce Linograptus posthumus po sthumus (Re inhard RICHTER) can also eo-occur,

Genus Neocolonograptus (URBANEK, thi s volume)
Neocolon ograptus lochkovensis (PRIB YL, 1949)

(Pi. 3: 1-9)

1940 . Monograptus (Pristiograptus) lochkovensis sp. n.; P RIBYL, p. 69, pI. 1: 6.
1964 . Pristiograptu s aduncus sp. n.; T ELLER, p. 42, pI. I: 4-6, pI. 2: 1-6, pI. 7: 18-1 9, pI. 9: 4-9, text-fig. 5a-d.
1964. Pristiograptu s bugensius sp. n.; T ELI.ER, p. 40, pI. 2: 4, 5, 9, pI. 7 13-15, pI. 9: 1- 3, text-fig. 4a-e.
1977. Monograptu s lochkovensis P RIBYL; J AEGER, p. 340, text-fig. 3a-c.
1983. Saetograptus (Colonograptus) lochkovensis (PR IBYL) ; P RIBYI. , pI. 4: 10.
1986. Monograptu s lochkovensis P RIBYL; J AEGER, p. 324, pI. I: 16, pI. 3: 16-17, text- fig. 30a- b.
1986. Monograptu s branikensis sp. n.; J AEGER, p. 325, pI. 2: 10, 12, 14, text-fig. 40.
non 1986. Monograptu s lochkovensis P RIBYL; K OREN' , p. 99, pI. 2 1: 1-6, text- fig. 17.

Material. - Several thousand well-preserved rhabdosomes either in half relief or pyriti zed , repre-
senting various stages of the astogeny.

Derivation. - E Poland, Chelm IG-l borehole, depth 1530.5-1582.5 m.
Stratigraphic position. - Pfidoli, lochkovensis Zone.
Description. - Rhabdosome (Pi. 3: 1-2, 4-5) fairly narrow, straight with a slight ventral curvature

starting from thS_6 in the proximal part . The rest of the rhabdosome stra ight. Maximum recorded length
of mature forms attains 3.3 cm , but most of the adult colonies are 2.3-2.7 cm long . The rhabdosome
widens gently from 0.8-0.9 mm at th I to 1.3-1.4 mm at th 10' attaining maximum width of 1.5-1.6 mm
at the level of th 12_ 13, and remaining constant thereafter.

Sicula. - Narrow (Pi. 3: 3,6,9),2.1-2.2 mm long . Its apex, as a rule, reaches the base of th, or a
little high er but never beyond th-, Sicular aperture width is fairly stable ranging between 0.3-0.4 mm , the
latter being a more common value. The apertural margin (Pi. 3: 8-9) is rimmed by a roll-like thickenning
involving the apertural process and mergin g with the virgella . Apertural process is normally O. 2 mm wide,
but rarely attains 0.3 or 0.4 mm . The process is very prominent, resembling a broad shovel in shape
("wing-like" in URB AN EK 'S terms) (Pi. 3: 7,9). Virgella atta ins O. 6-0.7 mm . One or two metasicular ring s
can be seen.

Thecae. - Biform. In mature colonies, the first 12 to 17, but more oft en , 15 proximal thecae posse ss
elaborated paired lateral lobes. The lobe s of the fir st 3--4 thec ae are strongly convex and curved downwards
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producing, in flattened specimens, a beak-like appearance. However, etched specimens or those preserved
in full relief show that the lobes are separated by a fairly conspicuously deep ventral notch. (PI. 3: 2, 6)
In some specimens the lateral lobes of th, are slightly curved inwards in their terminal portion and even
overlap (PI. 3: 7,9). Younger thecae feature only the separating notch. With further growth of the colony,
beginning from th trth t4, lateral lobes gradually disappear, the aperture being modified into a straight
tube as is characteristic of the dubius type. Such straight thecae constitute the distal part of the rhabdosome,
emphasizing its biformism.

The first theca buds at a distance of 0.2-0.3 mm from the sicular aperture, the successive ones
overlapping, at first insignificantly and later, in the course of astogeny, more and more strongly, becoming
especially conspicuous in the distal part of the rhabdosome. Here, thecae are 1.5 to 1.7 mm long , 0.4 to
0.5 mm wide, with the free ventral wall being 0.6-0.8 mm . A perpendicular cut across the distal part of
the rhabdosome will generally reveal two interthecal septa (three in very mature forms) .

Remarks. - A 52-meter thick claystone graptolitiferous series from the Chelm IG-l section (depth
1530.5-1582.5 m) was described by TELLER (1964). Among the rich graptolite fauna of the interval , two
species, Pristiograptus adun cus TELLER and P. bugensius TELLER, were identified.

These identifications were questioned, without sufficiently convincing arguments, by JAEGER (1977:
p. 338) who assigned the above forms to Monograptus ultimus, an opinion he confirmed in 1986 (KRIZ
et al. 1986: p. 321).

The present revision reveals that the specimens earlier recognized as P. bugensius and P. aduncus,
studied in both flattened and etched form, represent Neocolonograptus lochkovensis, a taxon not pre
viously known in Poland.

The present description is based chiefly on the material embedded in matrix and , as such, differs in
some details from that offered by URBANEK (see this volume, p. 169) who studied isolated material from
the Mielnik IG-I boring.

N. lochkovensis was described for the first time by PRIBYL (PRIBYL 1940) from the then recognized
Pridoli beds of the Prague Basin. PRIBYL assigned it the rank of an index species for the eponymous zone.
For many years, however, N. lochkovensis had not been recognized in other parts of the world, until Spasov
(1960) reported it from Bulgaria, although his identification seems doubtful.

JAEG ER (1977: pp . 337 and 340) was next to mention N. lochkovensis. Two forms from the Lochkov
section illustrated by him very well display the diagnostic characters of the species.

KOREN ' (1986: pp. 99-101) provides the first description of it from Kazakhstan, although details of
the proximal and medial thecal morphology are lacking, and some characteristic features and measure
ments obviously differ from those of the holotype. Furthermore, some of the drawings and photographs
illustrated in that paper may also raise doubts. All this leads the present author to approach these forms
with caution. They might rather be representatives of the transgrediens group, or it is quite possible that
only some of them belong to lochkovensis (KOREN' 1986: fig . 17z, pl. 21: 4) .

The first fairly comprehensive description accompanied by good photographs of the forms collected
in the Prague Basin does not appear until several years later (JAEGER in KRIZ et al. 1986: pp. 324-325).
On the basis of their vertical distribution in that basin, JAEGER recognizes an upper and lower lochkovensis
Subzones separated by the pridoliensis Subzone. This view seems to be rather controversial and difficult
to corroborate outside the Prague Basin.

In the same paper, JAEGER (in KRIZ et al. 1986: pp. 325-326) describes a new form, Monograptus
branikensis JAEGER, which he believes to be "morphologically and temporally intermediate between M.
ultimus and M. lochkovensis but morphologically much closer to M. lochkovensis", It is very difficult,
however, to distinguish this new species from N. lochkovensis, a fact emphasized by JAEGER himself as
he points to "one character only, namely the lack of overlap of the interthecal septa also in the distal part"
(JAEGER in KRIZ et al. 1986: p. 326) . He adds that "it is easy to distinguish the large adult or half grown
rhabdosomes of M. lochkovensis from the small M. branikensis, but it may be impossible to separate the
juveniles of the two species". The doubts raised by JAEGER are sufficient to weaken the diagnostic force
of the new species. It seems therefore more reasonable to regard the morphological differences, if any, in
M. branikensis as intraspecific variation and not as a basis for distinguishing a new species (see also the
opinion of URBANEK, this volume, p. 169).

KOREN' and SUYARKOVA (personal information) have distinguished a new species, Monograptus tu
multuosus in the Tien Shan sections (Central Asia). According to the authors , this form occurs above M.
branikensis and below M. bouceki, that is in the same stratigraphic position as does N. lochkovensis in
many sections world over. Following my study of the type material in Sankt Petersburg (February 1994),
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I co nclude that the ove rall shape of the rhabdosome and the structure of indi vidu al thecae in these forms
are almos t ident ical with those see n in the lochkovensis morphotype, the differences bein g so insignificant
as to be co nsidered intraspecific var iation. Thus it see ms justifie d to ass ign these forms to lochkovensis.
In my opinion, quali fying them as a separate species is insufficiently substantiated. Am ong the huge
popul ation of the species N. lochkovensis fro m the Chelm IG-l boring, for ms ca n be enco untere d, both
ju venil e and adult, which show so me slight deviations from the lochkovensis morphotype; e.g. the variable
number of thecae with lateral lobes, their disapp earance, the degree of elaboration, and also thecal
overlapping in the distal part of the rhabd osome. I am co nvinced that such insignificant dev iations within
a popul ation do not provide a suffic ient gro und for distingu ish ing new taxa.

Geographic distribution. - A cos mopolitan species recognized in many Early Pfidoli sec tions
thro ughout the world. Popul ations abundant.

Assemblage. - The form occ urs monospecificall y. Linograptus posthumus posthumus (Re inhard
RICHTER) is the onl y eo-occurring spec ies .
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REVISION OF CERTAIN P(UDOLI MONOGRAPTIDS FROM THE CHELM KEYSECTION (EEP)

PLATE I

lstrograptus transgrediens rams (T ELLER) 74

I. Flattened rhabdosome. The first theca provided with two lateral lapets. Successive thecae straight, of dubius
type, depth 1610.5-1 611.1 m; x 5.5

Neocolonograptus ultimus (PE RNER)

2- 5. Flattened rhabdosomes with well-deve loped first theca and notches on the successive ones, depth 2, 4, 5 
1601.5-1601.6 m, 3 - 1606.2-1 606.4 m; 2 x 9.5; 3 x 3.5; 4-5 x 4.5.

lstrograptus tran sgrediens samso nowiczi (TELLER) 75

6. Flattened and broken fragment of rhabdosome . Two proximal thecae provided with lateral paired lapets. depth
1461.3-1461.5 m; x 4.5.

7. Flattened complet e rhabdoso me. Two proximal thecae provided with paired lateral lapets, depth 1462.0
1462.1 m; x 4.5.

lstrograptus tran sgrediens chelmiensis (T ELLER) . . . . . . . . . . . . . . 75

8-9. Flattened complete rhabdosomes. Three first thecae provided with paired lateral lapets, depth 8 - 1463.9
1464.8 m, depth 9 - 1514. I m; 8 x 4.5; 9 x 5.6.

All samples from the Chelm IG-I borehole.
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REVISION OF CERTAIN PRIDOLI MONOGRAPTIDS FROM TH E CHELM KEYSECTION (EEP)

PLATE 2

Istrograp tus transgrediens transgrediens (PE RNER) 76

I. Flattened complete rhabd osorne, depth 1364.85-1 365.1 m; x 5.3.
2. Med ium size flatten ed rhabdosome. Five proximal thecae with well developed paired lateral lapet s. depth

1383.5-1 383.7 m; x 6.
3. Juven ile proxim al part in half relief. Four thecae with developed paired laterallapets, depth 1383.55-1 383.7 m;

x 6.
4. Juvenile broken proximal part. Five first of ten thecae with well-d eveloped paired lateral lapets, depth 1383.9

1384.1 m; x 6.
5. Isolated firs t two thecae with well-developed lateral lapets and a notch , depth 1379.4-1 379.5 m; x 43.
6. Isolated three distal thecae with a roll-like thickening surrounding the apertura l margin, depth 1373.4-1 375.8 m;

x 30.
7. Isolated five pro ximal thecae and sicula. The thecae with well-developed lateral lapets and notch es. Sicula

simple with a slight wing-like process, depth 1382.5-1382.6 m; x 25.
8. Isolated broken proximal part with three thecae provided with well developed later al lapets and notches. Sicul a

normal with a light dorsal process, depth 1379.7-1 379.8 m; x 35.
9. Isolated sicula with a wide aperturae surrounded by a roll- like thickenin g. The first theca possesses a pair of

well-developed lateral lapets, depth 1379.4-1 379.5 m; x 40.
10. Isolated sicula with a big concave wing-like dorsal proces s and a thick roll - like margin with a virgella, depth

1382.5-1 382.6 m; x 70.
11 . Isolated sicula with a wide, almos t straig ht, aperture and a slightly widened dorsal process. First theca provided

with two laterallapets, depth 1383.0-1 383.2 m; x 53.
All samples from the Chelrn IG-I borehole.
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REVISIO N OF CERTAIN PR-IDOLl MONOGRAPTIDS FROM TH E CHEI:.M KEYSECTION (EEP)

PLATE 3

Neocolonograptus lochkovensis (PRIBYL) . 77

I. Flattened juvenile rhabdosome. Thecae provided with very distinct paired lateral lapets, depth 1547.6
1547.7 m; x 6.5.

2. Flattened juvenile rhabdosome. 8th thecae provided with distinct paired laterallapets, depth 1542.5-1542.6 m;
x 6.0.

3. Flattened two first thecae provided with paired lateral lapets, depth 1572.9- 1573.1 m; x 8.0.
4. Adult flattened rhabdosome, 15 thecae provided with paired laterallapets, depth 1547.6-1547.7 m; x 6.5.
5. Adult flattened rhabdosome, 25 thecae provided with paired lateral lapets, depth 1544.1 m; x 6.6 .
6. Isolated broken fragment of rhabdosome with four thecae and a distinct sicula, depth 1514.5-1514.7 m; x 50.
7. Isolated sicula and first theca possessing two distinct laterallapets. The dorsal process of the sicula wing-like

and the apertural margin thickened, depth 1542.5-1542.6; x 46.
8. Isolated proximal thecae provided with two lateral lapets. The apertural margin of the sicula thickened, depth

1565.3-1565.5; x 50.
9. Isolated first theca with two lateral lapets. The sicula with a dorsal process and a thickening surrunding the

aperturae, depth 1560.0 m; x 50.
All samples from the Chelm IG-I borehole.
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LATE LUDFORDIAN AND EARLY PRIDOLI MONOGRAPTIDS
FROM THE POLISH LOWLAND

ADAM URBANEK

Urbanek , A. 1997. Late Ludfordian and early Pfidoli monograptids from the Polish Low
land. In: A. Urbanek and L. Teller (eds), Silur ian Graptolite Faunas in the East European
Platform: Stratigraphy and Evolution. - Palaeontologia Polonica 56, 87-23 1.

Graptolites etched from the Mielnik-I wellcore (E Poland) reveal the main features of the
development of monograptid faunas within the late Ludfordian-early Pi'idoli interval.
Fifteen species and subspecies are described and Monog raptus (Slov inog raptus) subgen. n.
as well as Neocolonograptu s gen. n. are erected. Morphology of many species has been
described adequately for the first time and their systematic position corrected. Four grap
tolite zones of the late Ludfordian are distinguished. The late Ludfordian fauna, which
appears after the kozlowskii Event, is composed mainly of immigrants dominated by
hooded monograpt ids. They reappear as a result of the Lazarus effect. Some of them
initiated the lobate-spinose phyletic line terminating with Mon ograptus (Uncinatog raptus)
spineus, a highly charac teristic index species. The lobate and the lobate-spinose types are
accompanied by bilobate forms (Pse udomonoc limac is latilobu s).
The grapto lite sequence indicates that the appeara nce of the early Pfidoli fauna was
preceded by a biotic crisis, namely the spineus Event. Therefore this fauna is made up of
a few holdovers and some new elements which developed from Pristiograptus dubiu s stem
lineage (Neocolonograptus gen. n., Istrograpt us Tsegelnjuk). This early assemblage, com
posed of bilobate forms, was later enriched by hooded monograptid s, reappearing after the
spineus Event. Both the late Ludford ian and early Pi'idoli assemblages abound in instances
of homeomorphy and generic transitions. The latter occ ur due to independent acquisition
by some forms of simple thecal characters which allows their assignement to a new genus.
Another remarkable feature of Late Silur ian monograptids is reducti on in the number of
sicular rings, and establishing of a steady relation between one of the rings and the virgella.
This character state was independently achieved as a structura l grade, by all, otherwise
unrelated , phyletic lines of Late Silurian monograptids.

K e y wo r d s: Late Siluri an, graptolites, monograptids, stratig raphy, taxonomy, biotic
crises, oligophyly, homeomorph y, adaptive repetitions, anagenesis.
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To the memory of Bedfich BOUCEK and Aloi s PRIBYL
whose life-long devoted activity has vas tly increased
our knowledge of late graptolite faunas.

INTRODUCTION

The present paper deals with the graptoloid fauna of late Ludfordian and early Pfidoli age, isolated
from the borecore samples of the Mielnik IG-I (Mielnik-I ) key well (East Poland, Fig . I) , situated in the
marginal zone of the East European Platform (EEP hereafter), within the Podlasie Depression . Recent
studies on the Ludfordian in the graptolitic facie s have shed an entirely new light on the development of
the Upper Silurian graptoloid faunas (URBANEK 1970 ; TSEGELNJUK 1976 ; PRIBYL 1983). Especially the
studies made on the graptoloid faun as in the EEP (E Poland, Volhynia and Podolia) have provided
a substantiation to the vie w best expressed by JAEGER ( 198 1: p. 27) that "there is inde ed a distinct interval
that intervenes bet ween the typical Ludlow and Pfidoli fauna: this is characterized by Ludlow holdovers
and a number of species of their own morphologies not seen before or later". Thi s graptoloid fauna fills
the gap in the knowledge of the Silurian sequence, which already existed 20 years ago, and puts an end
to our ignorance conc erning the developments betw een the standard leitwa rdinensis Zone on the Briti sh
Isles and the ultimus Zone at the base of the Pfidoli in the Barrandi an (Bohemia) .

The earlier portion of this interval was first adequately described by URBANEK ( 1970) in the Poli sh
Lowland and the later porti on was most completely recognized so mewhat later in Volh ynia and Podolia
by TSEGELNJ UK ( 1976) . The present study make s some attempts to resolv e the uncertainti es which still
existed and concerns the relation ship between the earlier and the later faunal complexes within this
interval, displaying diffe rent and entirely new struc tura l types. Th ere is no doubt that this fauna defines
a stratigraphic unit comparable to the Gorstian or Pfidoli , and that it deser ves international recognition in
the global standard graptolite zonation of the Silurian.

In contrast to the newl y discovered Ludfordian graptoloid faun a, Pfidoli monograptids were fairly
frequently studied and described, but in most of the earlier papers the figures are , by modern standards,
almo st useless, and original specimens are frequently badly preserved. Moreover, this fauna was, with
a few exceptions, based on flattened specimens, preserved as carbon film s. As a consequence, their
morphology has remained inadequately known and their taxon om y is in a state of confus ion. Thi s is mainly
due to the fact that thec al characters, so important for the monograptid taxonomy, are diffi cult to recognize
without an insight provided by specimens etched (isolated) from the matrix by acid treatm ent. In addition,
a rather liberal practice of giving new name s to poorly preserved spec imens, obsc ures the real picture of
the diversity of this fauna. The present paper is a study of well-prese rved and isolated materi al obtained
from the bore-core samples . As such it adds so me new facts to our knowl edge of the early Pfidoli an
monograptids summarized quit e recentl y by JAEGER ( 1986) and completes the picture of the lower part
of the Pfidoli on the Poli sh part of the EEP (TELLER 1964).

The present paper is primarily focu sed on : (I) a detailed morph ological analys is of recognized taxa ,
(2) their stratigraphic ranges as revealed by samples from the bore-core , (3) recognition of the affinities
within the monograptids of the late Ludfordian and earl y Pfidoli as well as tracing morphological changes
in particular lineages, (4) the origin and co mpos ition of the late Ludfordian/early Pfidoli graptolite faun a,
and (5) an analys is of faun al changes at the Ludfordi an/Pridoli bound ary as can be seen from the graptolite
materi al.

The present description of late Ludfordian-early Pfidoli graptoloids from Mielnik-I wellcore, covers
all Mono graptina, except for Linograptus postumus (Reinhard RICHTER), subject to a separate study in
this volume.
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GENERAL PART

MATERIAL AND METHODS

The Mielnik-on-the Bug IG-1 deep-boring was designated by the Polish Geological Institute as one of
the crucial reference points in the subsurface geology of the Polish Lowland. The coring was therefore
almost complete, with a core diameter of 10-12 cm. The bore-core samples ensured an exceptionally good
insight into the palaeontology and stratigraphy of the subsurface Silurian in this part of the East-European
Platform (EEP) .

As in most cases, the graptolite remains show a discontinuous vertical distribution. Thin layers of
abundance or even mass occurrences are separated by unfossiliferous strata of varying thickness. Corre
spondingly, the sampling from the bore-core was in a way biased, as more samples were taken from those
sections which contained more abundant graptolite fauna than from the obviously nongraptolitiferous ones.
On the average, three samples were taken from each running metre of the core (from its lower, upper and
middle portion), where graptolites were observed, while only one control sample was taken from the
"barren" beds.

Undoubtedly, such sampling introduces some distortion into the record obtained, but, on the other hand,
it proved to be the most efficient way to obtain a maximum number of well-preserved specimens, saving
on both chemicals and laboratory operations. Depths are determined approximately, but a possible error
in the case of denser sampling should not exceed ±15 cm, while in the less densely sampled portions of
the core it does not seem to be more than ±30 cm.

Non-isolated specimens have been used to obtain information on the size and shape of the rhabdosomes
and also to compare the material described herein with that discussed by the earlier authors, but the bulk
of observations has been made on specimens etched from their matrix (isolated by acid treatment). The
isolated specimens were either bleached to study the details of the thecal morphology and astogeny or
used to reveal the gross morphology of the rhabdosome with the scanning electron microscope. Standard
techniques of etching graptolite remains with chiefly hydrochloric, and only rarely, acetic acid, were
applied for dissolving marly or calcareous rock samples. In a few cases a double treatment, involving first
hydrochloric and then hydrofluoric acid, had to be used in order to dissolve highly silty samples. After
dissolving, repeated washing and decanting served to remove the acid. The dissolved material was next
picked up with pipettes of different size and stored in glycerine in Petri dishes .

What has proved to be a particularly effective way of etching graptolites from the high-clay core
samples is the submergence of the entire graptolite layer seen on the bedding plane (Pi. 1: 2a, b) in a fairly
strong solution of HCi. This easy and quick method usually yields large samples of isolated rhabdosomes.

The isolated graptolite remains were sometimes coated at places (mainly around the aperture) with
patches of a residual sediment, firmly adhering to the periderm (Pi. 1: 3). Strong HF or, in some cases,
a mixture of HN03 with HCI was used to clean the specimens, not always efficiently. The isolated
specimens thus obtained were later either bleached to be further examined under the light microscope as
transparencies or mounted on stubs with a view of studying their gross morphology with the scanning
electron microscope. Bleaching, executed in polystyrene boxes with the help of potassium chlorate and
nitric or hydrochloric acid, was followed by a careful washing.

Most transparencies were then mounted in glycerine in translucent polystyrene boxes and drawn with
a camera lucida at high magnifications with the Leitz biological microscope. Measurements of bleached
specimens were taken with the Wild microscope using a calibrated ocular micro metre .

Before scoping with SEM, specimens were mounted in water droplets at the surface of the stubs
covered with a double-faced sellotape and allowed to dry gradually. Later they were coated with gold/pal
ladium (AulPd). Most of scanning electron micrographs were taken either at 15 kV with Jeol lSM-35C,
Jeol lSM 840 or with Philips 501 B, Philips XL 20 at 15 kV microscopes. Some micrographs were taken
with the Coates and Welter field emission microscope at 12 kY.

The graptolite remains encountered in the borehole sample s, while flattened to a various extent, are
generally well-preserved, their periderm being present and only moderately "carbonized". In some sam
ples, unbleached specimens display growth lines discernible with both the light and scanning electron
microscopes (Pi. 1: 7, 9). The degree of their compression is in an obvious way correlated with the clay
content in the matrix, as flattening most probably depends on the compaction of the initially loose silty
sediments. Three-dimensional or only slightly flattened specimens were obtained from nodules or inter-
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calations consisting of a calcareous sediment with a smaller share of clayey material and therefore showing
lesser compaction (Pi. I: 1). A combination of three-dimensional and flattened specimens can be en
countered within one sample. Limestones, making thicker intercalations, seldom yield graptolites, except
at the thin boundary layer with the adjacent silty sediments. These places supplied numerous three-dimen
sionally preserved specimens, suitable for chemical treatment.

In some cases, compaction of silty sediments accounts for certain characteristic preservational features .
Two are most common: deep longitudinal folds such as seen in the thecae of Monograptus (Formoso
graptus) formosus (Fig. 22; PI. I: 4, pf) and especially conspicuous in their apertural portions, and
characteristic protuberances disrupting the thecal walls. The latter may be seen on strongly flattened,
ribbon-like specimens of various species (Pi. I: 6). They were recognized long ago and interpreted in
different ways. Thus HABERFELNER (1933) described them as supposed muscle-scars, while OBUT (1947)
was convinced that they were carbonized gonads of the zooids. URBANEK (1958) provided evidence that
such protuberances were produced by a squeezed free edge of the interthecal septum. The pyriform bodies
seen inside the protuberance are thickened, lower (dorsal) margins of the interthecal septa, and as such
are regular part of the rabdosome, made of skeletal tissues (Pi. I : 5, 7, 8, arrowed).

The material illustrated in the present paper is housed at the Institute of Palaeobiology of the Polish
Academy of Sciences, Warszawa, Poland, and designated in the collection as ZPAL G,XIX and ZPAL
G.XVII.

GEOLOGICAL SETTING OF THE MIELNIK IG-I BOREHOLE

Location of the borehole - The Mielnik IG-I deep boring in Mielnik-on-the Bug, E Poland (Fig. 1)
was made for the Polish Geological Institute. Coring was discontinued after reaching a depth of 1813.10
m within Precambrian deposits. The Silurian underlain by the Ordovician and overlain by the Permian is
confined in the Mielnik IG-I core to the interval between 1138.40 m (bottom) and 531.80 m (top) . The
boundary between the Silurian and the Permian rocks is erosional, with both the Devonian and Carbo
niferous missing. The coring is fairly complete (see Fig. 3 for the late Ludfordian-early Pfidoli section
of the bore-core).

Mielnik IG-I is one of the key-wells that played an important role in establishing the main features of
the subsurface geology of the Polish Lowland (TOMCZYK 1962). The significance of this borehole is accounted
for by two factors: its location in the Podlasie Syneclise, one of the structural elements of the EEP, described
in this volume (p. 16) by TELLER, and its position within the marly lithofacies belt of the Silurian. Due to
the latter fact, it combines the features of different life-zones of a marine palaeoecosystem (mixed biofacies) .

Fades composition and lithology - Upper Silurian deposits within the Podlasie Syneclise display
a characteristic pattern of facies belts which were observed by TOMCZYK (1962, 1970) and characterized
lithologically by LANGIER-KuZNlAROWA (1974). From east to west, one encounters successively: (1) a carbo
nate lithofacies belt developed as marly limestones and marls, frequently dolomitic with a rare pyrite and
bituminous admixture. Sporadic lenses of grey pellitic-crystalline limestone occur (Bialowieza, Krzyze);
(2) a marly lithofacies belt penetrated by the Mielnik borehole , with predominant marls, pellitic and organode
tritic limestones and clays. In the central part of the belt, the proportion of marly limestones is still fairly high,
up to 40 per cent of the total thickness . NW of Mielnik (in TIuszcz), the marly lithofacies grades into (3) a clay
lithofacies belt with claystones and clay shales as the dominant lithology featuring also scarce marly nodules
and intercalations; and (4) a clay and silty lithofacies belt recognized further west (the Zebrak-l and numerous
other boreholes). Clay sediments are predominant there, chiefly in the form of dark-grey clay shales, but marly
and dolomitic intercalations and nodules are also quite frequent. Representing open-sea sediments (pelagic
and hemipelagic), belt (4) is the main facies as regards both the horizontal and vertical distribution. TOMCZYK
(1964) compared belts 2 and 3 with the neritic zone while belt I may probably be compared with the shelf
proper. However, a comparison with the detailed biofacies belts recognized in the Baltic area (EINASTO et at.
1986) has never been made for this part of the platform and their course may only be roughly approximated
(see TELLER this volume, p. 10, Fig. 2 therein).

The Mielnik deep boring is situated in the marly lithofacies belt , close to its western boundary. The
section studied in the present paper comprises the upper part of the Siedlce Formation and the lower part
of the Podlasie Formation.

According to LANGIER-KuZNIAROWA (1976), the Siedlce Formation as recorded in the Mielnik borehole
is made up of marls , pellitic and organodetritic (sometimes dolomitic) limestones, and claystones, both
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Fig. I
Location of the Mielnik IG-l (Mielnik-I) deep boring
(E Poland) and some other key wells of the East European
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in light and dark tinted microfacies but with the dark
ones predominating. Carbonate rocks mainly contain
an accumulation of phosphates, dispersed iron oxides,
pyrite , and bituminous material. Rocks are frequently
laminated, the laminae varying in thickness from a
fraction of a millimetre to a few millimetres. Such
laminae occur in claystones (dark tinted microfacies) ,
in pellitic and organodetritic limestones, and also in
marls. Some layers are silicified, probably as a result
of epigenetic transformations of pyroclastic material.
Five intercalations of bentonites were recorded within
the Siedlce Formation of the Mielnik section by LAN
GIER-KuZNIAROWA (1979, 1981).

In the Podlasie Formation, claystones, marls and
pellitic limestones comprise the main lithology. Lime
stones are slightly dolomitic, sometimes laminated
and bituminous. The top of the Silurian beds in the
Mielnik borehole is weathered yellow and red due to
the presence of ferric compounds. Weathering came as
a result of denudation during the Devonian and Car
boniferous (LANGIER-KuZNIAROWA 1971, 1976).

From the above it follows that there is no signifi
cant difference in the overall lithology of the Siedlce
Formation and the lower part of the Podlasie Forma
tion. As compared with other deep borings in this
facies belt, Mielnik displays a rather high carbonate,
as well as a relatively high pyroclastic, content even
in the rocks classifeid as claystone.

Late Ludfordian sediments show abundant evi
dence of intense volcanic activity through this inter
val, mainly in the form of bentonite layers. Five such
layers mentioned by LANGIER-KuZNIAROWA (1967) in
her lithological study may be referred to the early
phase of the late Ludfordian (depth 823.00-819.70 m),
the others being found somewhat higher, at a depth of
763.40 m, within the acer-spineus Interval. The thic-
kest bentonite layer (35 cm) is located at a depth of

820.10-819.65 m, which stratigraphically corresponds to the latilobus-balticus Zone. Another bentonite
layer at 823.00 m (only 4 mm thick) immediately precedes the appearance of the latilobus-balticus
assemblage and may be used as a locallithological marker of the lower boundary of this interval. However,
the source of this abundant pyroclastic material has not been established.

The Mielnik borehole is situated in the Podlasie Depression, one of the structural elements of the
western marginal zone of the EEP. Its origin and main strati graphic and facies components are described
by TELLER (this volume, p. 16). The western part of the depression, situated in Poland, is just a closure
of a large megastructure of the Epigothic EEP which stretches through Belarus and Ukraine (the Pripy
at-Dnieper-Don Depression, fide TOMCZYK 1968). For political and administrative reasons, the studies
of the Silurian on both sides of the state border between Poland and the former Soviet Union were parallel
and largely independent. This obscures the fact that the Podlasie Depression extends immediately east
wards into what, in the literature published in Russian, is called the Brest Depression. Silurian deposits
were penetrated there by numerous boreholes, both structural and prospective, which supplied ample data
concerning graptolites and stratigraphy. Some of these boreholes are situated in close vicinity of the
Mielnik boring (e.g. the Novoselki-I and the Vysokoe-I borehole are only 15 km away in a straight line) ,
and essentially repeat the sequence encountered and described in Mielnik.

PASKEVICIUS and PUSHKIN (1988) have made an attempt to correlate the Ludlow beds developed on
the Polish and Belarus side of the Podlasie-Brest Depression. They produced a facies map showing an
extension of the main facies belts in the south-eastern direction (Fig. 2).
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Situation of Mielnik-I deep borig in relation to lithologic-facies zones within the Polish and Belarus part of Podlasie
Depression: I - zone with limestone and inferior marly intercalations; 2 - zone of limestone lenses and nodules intercalated
with green-gray (rarely dark grey) marls; 3 - zone of intercalation of green-gray and dark gray (argillite-like) marls with
nodules, lenses and thin layers of limestone; 4 - contemporary limit of Silurian deposits ; 5 - studied borehole sections; 6 
state boundary (based on data by TOMCZYKOWA and TOMCZYK 1979 and PASKEVICI US and PUSHKIN 1988 , after PASKEVIClUS

and PUSH KIN 1988) .

GRAPTOLITE ZONATION OF THE LATE LUDFORDIAN-EARLY PRIDOLI STRATA
IN THE MIELNIK BORING

Most of the graptolite zones distinguished in the present paper are range-zones. I follow the widely
used practice of recognition of the successive-appearance zones, that is intervals defined by the first
appearance of the name-giving taxon and the first appearance of the immediately succeeding zone fossil.
Hence, they are frequently shorter than taxon-range zones that are defined by the total range of a given
index fossil. The successive-appearance zones were termed "practical zones" by JAEGER (1986: p. 315)
and used for the biostratigraphic subdivision of the type Pi'idoli. Both in the Barrandian area and Mielnik-l
sequence, such zones are usually separated by gaps characterized by the absence of both index species.
Some range-zones are lineage zones (acer-spineus Zones, parultimus-lochkovensis Zones) . I would like
to emphasize the significance of lineage zones, based on the history of a group displaying phyletic
evolution. The regular and directional nature of changes and mutually exclusive vertical distribution of
taxa may be used as a safe guide for subdivision and correlation. In this respect I share DZIK'S (1995)
opinion about the exceptional value of phyletic transitions within evolutionary lineages as an evolutionary
measure of geological time. The only assemblage zone was distinguished at the base of the late Ludfordian,
and therefore such units play a minor role in the biostratigraphy proposed herein. However, assemblage
zones may be extremely useful in other instances (RICKARDS 1995). When describing the section, I also
make use of the notion of interzone (interregnum) to define the intervals with a strongly impoverished
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fauna . Such intervals are highly characteristic of certain portions of the core. Being probably, in most
cases, of purely local significance, they may sometimes reflect wide-spread phenomena.

The sequence of monograptid species encountered in the Mielnik borecore section (Fig. 3) permits
recognition of 6-7 graptolite zones within the late Ludfordian-early Pfidoli time-span. The zones proposed
for the late Ludfordian part of the sequence may for the present be considered regional biostratigraphic
zones, although we believe that most of them will eventually be accepted as international stratigraphic
units. The early Pfidoli part of the sequence can be subdivided in much the same way (with only one
difference) as the type Pfidoli of the Barrandian (JAEGER 1986: p. 315) .

Late Ludfordian graptolite sequence. - In the early period of inve stigations of the subsurface
Silurian in the Polish Lowland, TOMCZYK (1962) assigned a series of strata that locally may be over
1000 m thick and characterized by the occurrence of a number of species "from the group of Monograptus
formosus" to a single stratigraphic unit. The presence of such series with numerous but yet undescribed
species has been widely accepted as a unique feature of the development of the Silurian in the Polish part
of the EEP (TOMCZYK 1968; TELLER 1966, 1969) .

In the light of the present study this preliminary conclusion may be considerably refined. M. (Formo
sograptus) formosus has indeed a long vertical range in beds of great thickness, displaying some acme
horizons. However, within this range the species in question remained very uniform, producing no
descendant species. The preliminary reports on numerous species "from the M. formosus group" were
therefore illusory, probably based on lumping a number of species with similar overall morphology (e.g.
a distinct dorsal curvature), such as M. (Uneinatograptus) aeer-M. (Ut) aeuleatus, M. (u.) protospineus
and M. (u.) spineus. Nevertheless, TOMCZYK (1962, 1970) correctly recognized characteristic features of
this fairly abundant and, in many ways , unique fauna. His series with the "M.fonnosus group" is a regional
equivalent of the late Ludfordian, developed in the graptolitic facies .

The Mielnik late Ludfordian succession begin s with a highly characteristic assemblage of newly and
abruptly appearing species occurring in a rapid succession (Fig. 3). They include: (1) Pseudomonoclimaeis
latilobus (TSEGELNJUK), FA at a depth of 823.00 m; (2) Mono graptus (Wolynograptus) hamulosus TSE
GELNJUK, FA at a depth of 822.90 m; (3) Pristiograptus dub ius fragmentalis BOUCEK, FA at a depth of
821.00 m; (4) Monograptus (Slovinograptus) baltieus TELLER, FA at a depth of 819.85 m; and (5) Mono
graptus (Fonnosograptus)formosus BOUCEK, FA at a depth of 819.40 m. The most characteristic species
of the assemblage zone distinguished herein are the first and the fourth ones. Correspondingly, I suggest
naming this zone the latilobuslbaltieus Zone (Fig . 3).

The appearance of the next selected index graptolite, Monograptus (Uneinatograptus) aeer TSEGEL
NJUK, is separated by a relatively thick series of strata (approximately between 814.00 and 800.00 m)
containing an impoverished graptolite assemblage with predominant Pristiograptus dubiu s s.l. This event,
whether of a local or a more general nature, will be referred to as the ingresion of the first dub ius faun a
(see the discussion below).

The frequent occurrence of Monograptu s (Un einatograptus) aeer TSEGELNJUK through an interval,
some 20 m thick, in the Mielnik sequence (depth 794 .60-774.50 m) marks a distinct zone . The aeer
-protospineus-spineus sequence almost certainly contains successive links of a lineage that morphologi
cally and temporally grade into each other (URBANEK 1995). In spite of the fact that the occurrence of
Monograptus (Uncinatograptus) protospineus is limited only to a narrow band (some 40 cm thick) in the
Mielnik sequence, the recognition of an eponymous zone is suggested. Conspecific forms seem to occur
both in Volhynia and in Central Asia and the suggested index species may easily be identified.

The next biostratigraphic unit distinguished in the Mielnik bore section is therefore the spineus Zone
defined by the vertical range of highly characteristic Monograptus (Uncinatograptus) spineus TSEGELNJUK
(depth 763.80-760.20 m, Fig. 3). The FA of this zonal fossil is separated from the LA of the preceding
index fossil, M. (Ui} aeerTSEGELNJUK, by an aproximately ten-meter interval. It coincides, however, with
a horizon of a mass occurrence of Monograptus (Formosograptus)formosus BOUCEK, that replaces locally
almost all the other species and produces huge , practically monospecific, accumulations. Whether these
acme horizons are no more than a local phenomenon or a widely distributed event is unknown.

Moreover, the vertical range of the previously mentioned Mono graptus (u.) aeer TSEGELNJUK is
interrupted and divided into an earlier and a later part (Fig. 3) by an invasion of the second dubius fauna
(see discussion below).

Several isolated thecae identified as "Monograptus " leban ensis TELLER, 1966 were found within an
interval of 794.55-790.90 m. Although the state of preservation (an extremely attenuated and strongly
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VERTICAL DISTRIBUTION OF TAXA GRAPTOLlTE ZONATION
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Simplified lithological section, vertica l ranges of graptoloid taxa and zonal subdivisio n as encountered in Mieln ik-l wellcore.
A solid black line with in the range of Pristiograptus dubius s.1. marks the interval with the labiatus morph otype, while wavy

line - denotes the arbitrary limit between two subspecies of M. (u.) acer.
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Fig. 4
Diversity changes of the graptoloid fauna in the late Ludfor
dian-early Pridoli segment of the Mielnik-I wellcore. Low
diversity assemblages-dotted, diversified faunal assemblages 
dark. Continuous dotted right margin - presumable area with
permanently impoverished fauna; continu ous grey left margin
- presumable area with permanentl y high diversity fauna.

Futher explanations in text.

low diversityassemblage after the spineusEvent

DIVERSITY CHANGES OF FAUNA IN THE MIELNIK BOREH OLE
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depth
inm flattened periderm) make s it impossible to study

their morphology in detail, the Mielnik findings
permit the stratigraphic level of M. leban ensis to
be defined as the acer Zone. Thi s confirms TEL
LER 'S earli er conclusions concerning its occur
rence between the ranges of M. balti cus and M.
protospineus (= M. cf. formosus in TELLER 1966)
within Leba-3 borehole.

The top of the spineus Zone closes the se
quence of the late Ludfordian index monograp
tids. The strata above the LA of this species are
again characterized by an impoverished graptolite
aseemblage yielding rare Pristiograptus dub ius
s.l. and Linograptu s posthumus (R. RICHTER).
Pristiograptu s displa ying the fra gmentalis mor
photype is absent, having been replaced by an
other morphotype, showing no substantial dif
ference from Lower Ludlow (Gorstian) P. dubius
frequens except for an extremely thick apertural
lip . Therefore, the recognition in the Mielnik sec
tion of a separatefragmentalis Zone (correspond
ing to that in the Barrandian or in Central Asia)
is unjustified. It is replaced in the EEP by a low
diversity interzone of some 70 m thick , probably
representin g an immediate effect of an extinction
event at the top of the spineus Zone (KOREN',
personal communication) and preceding sudden
immigration of Neocolonograptu s parultimus
(JAEGER) (Fig. 3).

An alternative subdivision of the late Ludfor
dian strata in the Mielnik bore section would in
volve recognizing a single local Monograptus
(Formosograptus) fo rmos us BOUCEK Biozone.
That species is present throu ghout practically the
entire thickne ss of these beds [with the FA at a
depth of 819.40 m and the LA, at 692 .50 m, only
some 50 cm below the base of the N. parultimus
Zone (Fig. 3)]. It, how ever, shows a discontinu

ous vertical distribution, displa ying a 4-meter-thick band of mass occurrence (at a depth of 770.45-766.45
m, in the spineus Zone and the underlying acer--spineus Interzone). Thi s epibole coincides with a distinct
increase of clay content in the sediments and probably also with a temporary deepening of the basin.

While the f ormosus Zone as defined above seems to be an adequate unit for the entire interval of the late
Ludfordi an on a regional scale, it can hardly be a suitable internationall y recogni zed standard zone because
of its long vertical range passing through the Ludfordian-Pfidoli boundary. The mere presence of Monograp
tus (Fonn osograptus) f ormosus is not enough, it may be indicative of either early Pfidoli or late Ludfordian
age. The recent proposal of KOREN' (1986, 1992) to distinguish the fo rmosus-spineus Zone as a unit of the
global standard zone characteristic of the late Ludfordian is also controversial. Although both monograptid
species are morphologically well-defined, it is the second one alone that is confined to the Ludfordian. After
all, the type stratum of M. (F )formosus is the ultimus Zone, and not long ago JAEGER (1977: p. 343) was
convinced that it represents an assoc iated index fossil, by which this zone may be easily recognized.

Ingressions of low diversity assemblages. - The Mielnik section features three intervals of low diversity,
punctuating the development of more diversified graptolite faunas (Fig. 4). In this way depauperate faunal
assemblages, composed chiefly of P. dubius, shadow the evolution of the remainingrnonograptids , splitting
the sequence, as traced at this single point, into three "shadow lines" (ingressions of the dubius-predominated
depauperate fauna) and four "windows" (reappearance of higher diversity assemblages, see Fig. 4).
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The first ingre ssion of the dub ius faun a is recorded at a depth of 814-800 m. Being basically
monospesific and havin g a standard "[requens" habitus, P. dubius assemblages are closer to Gor stian forms
than to the Ludfordi an fragmentalis . Still they possess an unu sual feature : a strangely modified virgula
transformed into a tubular structure (see pp. 157-158 herein).

The second ingression of the dub ius fauna (at a depth of 790-780 m) is represented, as above, by
pristiograptids with a standard appearance , rarel y associated with the remains of the Cru stoidea (depth
784 .20 m), e.g . cysts and sto lons, as well as with some eni gmatic plant remains and scarce Linograptus
posthumus (Reinhard RICHTER). The spectrum of the ass oc iated form s is thus completely different from
that in the vast majority of the assemblages observed.

The third ingression of the dubius fauna (at a depth of 760-692 m) is partly ass ociated with an unusual
habitu s of P. dubius displaying hypertrophy of the aperturallip and recognized therein as P. dubius labiatus
subsp. n. In the somewhat higher strata, P. dubius revert s to a standard appearance . That course of events,
which might seem paradoxical, is discussed on p. 159 of the pre sent paper. A sample bearing Rhabdo
pleurida (stolons and cysts) has been found at a depth of 692.55 m. Rem ains of Eurypterida and scoleco
dont s are rather frequ ent associates. The last of the three ingressions follows the extinction of M. (u. )
spineus TSEGELNJ UK and precedes the FA of Neocolonograptus parultimus (JAEGER).

In consequence of the second invasion of the dubiu s fauna, the vertical occurrence of Monograptus (Ui]
acer TSEGELNJUKis divided into a lower and an upper part. This may be viewed as an instance of the Lazarus
effect on a small scale - the disturbance produ ced is shorter than the duration of a single index species .

The first ingression of the dubius fauna result s in the disappearance of the latil obu s-balticus assemb
lage replaced by a monotonous and depauperate assoc iation. Except for a spurious occurrence of Pseu
dom onoclimacis cf. latil obu s at a depth of 787.00 m, none of the representatives of the older ass ociation
reapp ears above the first dubius band.

Such dramatic shifts in the suite of community spec ies may be expl ained, at least tentatively, in the
light of the recent studies on marine systems (BARRY and DAYTON 1991) . They reveal that in certain areas,
climatic variations account for the abundance of some and disappearance of other spec ies, the latter being
replaced by different form s. Changes in the quantity of macroplankton, i.e. its decrease or disappearance,
occur in period cycles, following a pattern longer than dec adal. A similar explanation was offered by
WATKINS and BERRY ( 1977), namel y water mass control of graptolite distributional patterns. The retreat
of "graptolitic water mass" would be responsible in this case for the tendency tow ards exclusive occurrence
of monospecific assemblages.

Thu s the local retre at of the Mielnik graptoloid fauna to either depauperate or monospecific dubius
assemblages was probably ca used by similar, but much longer, environmental disturbances (with a dura
tion of 104_105 years). Thi s is especially true for the first and second ingressions of the dub ius fauna, as
defined above, which were shorter than the avera ge period of the evolutionary turn- over of graptolite
species (the thickness of corresponding strata is 10-14 m). The third ingression was longer (the respective
thickness being 70 m) and occurred in a particularly unsuit able environmental situation which is imme
diately related to the spineus Extin ction Event. The result s observed at this stage are far-reaching; i.e. true
monograptids (with hooded thecae) disappear from the sequence until the lochkovensis Zone.

A largely similar explanation may be offered for an abrupt numerical increa se of Monograptus (Formo
sograptus) formosus BOUCEK as observed at a depth of 770.45 -766.45 m (the fo n nosus acme horizon). The
mass occurrence of the above species (in the form of the so-called "graptolite carpets" , PI. I : 2) as almost
monospecific assemblage, associated with scant y Linograptus posthumus and, in one sample, with rare
Pristiograptid dubiu s, is indicative of the severity of the environment in respect to most co-eval species.

Graptolite succession of the early Pfidoli . - Th e FA of Neocolonograptus parultimus (JAEGER)
delineates, at a depth of 691.95 m (- 692 m!), the Ludfordian/Pi'idoli boundary (Fig. 3) . It marks the base
of the well-defined parultimus Zone, some 17 m thick (LA at 675 .65 m). N. parultimus is followed by
the closely related Neocolonograptus ultimus (PERNER) (FA at a depth of 674 .95 m, LA at 671.55 m),
defining the ultimus Zone.

The next index species is Neocolonog rap tus lochk ovensis branikensis (JAEGER). Accepting a subspe
cific rank for N. branikensis JAEGER (see p. 169 for discussion ), I prop ose to subdivide the thick loch
kovensis Zone into two unit s, the earlier and very thin bra nikensis Sub zone and the later, much thicker,
lochkovensis Subzone (the FA of Neocolonograptus lochk ovensis lochkovensis at a depth of 662.75 m),
the two subspec ies bein g separated by a single appearance of M. (Dulebog rap tus) trimorphus TSEGELNJ UK
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(FA and LA at 665.80 and 664.74 m). N. lochkovensis lochkovensis is the last index graptolite encountered
in the Mielnik sec tion, its last occurence bein g at a depth of 634 .15 m .

The graptolite success ion in the ea rly Pfid oli Bed s of the Mi elnik sec tion is homotaxial with that in
the type are a (Barrandian), the fir st re-appearing Mo nograptus species bein g, however, di fferent (see the
compa rison herein , p. 100).

COMPARISON AND CORRELATION WITH OTHER AREAS

Volhynia and Podolia . - Th e Upper Silur ian grapto lite faunas of Volh yni a and Podoli a as we ll as
those of the adj acent territory of Belaru s (the Brest Region ) are exceptio na lly rich and we ll-recognized
(TSEGELNJUK 1976, 1981). Silurian deposits are largely naturall y exposed or were pen et rated by numerous
de ep borings (24 bore hol es in Volhyno-Podoli a and a few more in Bel aru s) fro m which grapto lite remains
have been isol ated and studie d.

Within the Ludfo rdian interval aboundi ng also in she lly faunas , TSEGELNJUK ( 1983a) has ide ntified the
followin g grapto lite assemblage: Tamplograptus fo rmosus (BOUCEK), Uncina tog rap tus caudatus TSEGEL
NJ UK, U. rectu s TSEGELNJ UK, Dulebograptus bresticus TSEGELNJUK, Pseudomonoclimacis haupti (KOHNE),
P. medius TSEGELNJUK, Bugograptus sp ineus (TSEGELNJ UK), B. aculetus (TSEGELNJUK), Neo lobograptus
auricu latus URBANEK, N. egregius URBANEK, Cucullograptus ave rsus avers us (EISENACK), C. aversus
rostratus URBANEK, Monog raptus balticus TELLER, Bohemograptus tenu is (BOUCEK), Neocucullog raptus
kozlowskii uni cornus URBANEK, and others. On the basis of graptolite and es pecially brachi opod faunas,
TSEGELNJUK (19 83, 1983a) advance d his co nce pt of the Ulich superhorizo n (Ulichian) as a so-far "lost" ,
" missing" or rath er neglected stage in the evolutionary and histori cal development of the Silur ian organic
wo rld . Essent ial for the und erstanding of this stratigraphic un it is TSEGELNJ UK ' s ( 1983: p. 50 ) opinion that
Ulich age correspo nds to the post-Ludlow-pre-Skala inter val , which on the scale of evo lutio nary changes
in brachi opods, graptolites and chitinozoan s is compara ble with both the Ludl ow Seri es (rede fined by
him ) and the Sk ala (Prido li) phase.

In spite of the richn ess of the grapto lite asse mblage, the graptolite faci es of the Ulichi an superhorizon
have been subdivided in only two graptolite zones: the Neo cucullograptus kozlowsk ii un icorn is Zone (the
Tagrin hor izon ) and the Mon ograptus (Uncina tograptusi caudatus- Monograptus (Wolynograptus) balti
cus Zone (the Meton horizon ). Thus, an exceptiona lly diversified monograptid fauna, etched fro m numer
ous bore cores, has been lumped into just two biozon es. In my opinion th is zo natio n does not make full
use of the di screte tim e belt s defined by the vertica l ranges of the monograptid spec ies recognized in the
area. TSEGELNJUK'S (1981) remarkabl e ca ution in di stingui sh ing grapto lite zo nes within the Late Silurian
of Volh yno-Pod oli a (only six zon es as co mpared to about twent y such units in adjacent Eas tern Poland)
is by no means accid ent al. It evolves fro m his elaborate phil osophy, according to which mo st of the "s ma ll"
zones distinguished in Poland , e.g . the Neo diversograptus nil ssoni Zone, the Lob ograptus progenitor or
the Lobograptus scan icus Zone are practicall y co -eval, wh ilst their alleged index spec ies are no more than
markers of a sing le large bio zon e (TSEGELNJUK 1981 : p. 51 ). His approach, howe ver, co ntradicts the
by-now well-establ ished intern ation al practi ce, as the above-me ntioned zones have been gai ning recogni 
tion in a growing number of reg ions.

Moreover, TSEGELNJ UK (198 1) maint ain s that sma ll discrete biozon es (such as those recognized by
URBANEK 1966 , 1970) are "in fact only part ial zones ("Teilzo nes"), wh ich provide a false impression that
grapto lites appeared in the foss il record only to becom e extinct, soon after they were fixed by a palaeon
tologist" . Altho ugh TSEGELNJ UK ( 198 1) insists that his "attitude to zona l subdivisio n does not differ from
the ge nera lly accepted one" , the diversit y of the Lud fordi an graptolite fa una , largely described by him,
has not been mirrored in his vers ion of the zo nal subdivis ion. Recent studies on the equiva lent strata in
the Poli sh part of the EEP permit a much finer biostrat igraphi c zo nation.

Practically all species recog nized from the ea rly Lud fordi an of the Poli sh part of the EEP (URBANEK
1970) togeth er with almost every spec ies fro m the Ludfordian bed s of the sa me area describ ed in the
present monograph have also been enco untered in Volh yni a and Pod oli a (listed after TSEGELNJ UK 1983a).
On e co uld expec t therefore very simi lar ranges and order of appearance of the ind ex spec ies over the
entire southern part of the EEP (including Eastern Poland , Volh ynia and Podolia). Nevertheless, in
a number of cases TSEGELNJU K (1976, 1981) indi cates a substa ntial overlap or conc urrence for those
monograptid spec ies whic h, in the Mielnik sec tion, occ upy dist inctl y differ ent horizons.

So me of TSEGELNJUK'S claims (such as the co ncurrence of Cucullograptus URBANEK and Neococullo 
graptus URBANEK, see TSEGELNJUK 1981: fig. 9) we re proved to be erroneo us and based on a misinter-
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pretation of the sections, some others may be equally misleading because of the low resolution of his
methods of correlation of the sections from the various boreholes. Thus acc ording to TSEGELNJUK (1981:
p. 27 and his fig. 4) , Heisograptus acer [= Monograptus (Un cinatograptus) acerTSEGELNJUK in this paper]
and Bugograptus aculeatu s as well as B. spineus [probably the fir st two are conspecific and , as such,
referred in thi s paper, to Monograptus (Un cinatograptus) acer (TSEGELNJU K)], are co-eval and occur
roughly between bentonic layers M6-M I' The Mielnik sequence is indicative of a distinctly earlier ap
pearance of M. (u.) acer and a much later ori gination of M. (u. ) spineus , to say nothing of TSEGELNJUK 'S
taxonomy obscuring the fact that most probably the two species are immediately related (URBANEK 1995).
The unusual per sistence of Bohemograptus bohemicus (BOUCEK) as high as the Skalian, "without however
reaching the metabentonite C6" , may also be accounted for by a similar misidentification of this species '
stratigraphic position .

A substantial source of uncertainty was most probably introduced by his use of indi vidual bentonite
intercalations as reference points for regional correlation. More than that , emphas izing the inherent
incompletene ss of the bio stratigraph ic data and their random character, TSEGELNJ UK (198 1: p. 7), in his
correlations of the outcrops and borings within Volhyno-Podolia, ga ve priority to intercal ations of volcanic
ashes which were corresponding ly nam ed and numbered within each stratigraphic unit (e.g. B I-B6'
M 1-M I 3, Cl-e l l , etc.) . All FA's and LA's were defined in relation to a give n bentonite layer: "2 m below
T I " or "5 m above M2" . Thi s was made to ensure grea ter acc uracy in tracing isochronous line s between
different sec tio ns and to ove rco me imperfections of the routine palaeont olo gical method ass uming that
the presen ce of the same index fossil implies synchrone ity. TSEGELNJ UK believes that a given layer of
bentonite intercalations may be identified because of its stable position within a certain pattern of
a success ion of such intercalations in the area . There is a co nsiderable risk , however, of an erroneous
interpretation. Accord ing to LANGI ER-KuZNI AROWA (1976), bent onite intercalations recogni zed in the
Poli sh part of EEP cannot be used as stra tigraphic markers becau se of their small thickn ess, monotonous
co mpos ition and probabl y patchy distribution.

The graptolitic facies of the Skalian , which is roughl y the regional equivalent of the Pfidoli, yield s
Skalograptus ultimus (PERNER), S. vetus TSEGELNJ UK, Dulebogratu s trimorphus TSEGELNJUK, Tamplograp
tus fo rmosus (BOUCEK), Uncinatogra ptus similis (PRIBYL), u. bouceki (PRIBYL), u. perneri (BOUCEK), U.
angustidens (PRIBYL), Heisograptus difficili s TSEGELNJUK, H. canaliculatus (TSEGELNJUK), Ludensograp
tus parultimus (JAEGER), L. podolicus (TSEGELNJUK), and !strograptus tran sgrediens (PERNER).

Due to TSEGELNJ UK 'S highly individual attitude tow ard s sys tematics and nomenclature, his generic and
spec ific names obsc ure the basic similarity between the Skalian assemblage and the sequence of graptolite
zones in the Barrand ian type area as well as those observed in the Poli sh part of the EEP. Anyho w, the
gra ptolite success ion of Volh ynia and Podolia as interpreted by TSEGELNJ UK seems rather und ervalued.
For instance, he does not emphas ize the stratigraphic significance of Monograptu s (Uncinatog raptus)
spineus TSEGELNJUK - a point correctly recognized by KOREN' (1992) on the basis of her studies of the
graptolite fauna of Tien Shan. There is littl e doubt that subse quent studies will provide further justification
for introdu cing a gra ptolite zonal subdiv isio n of the Ulichi an similar to that proposed in the present paper
for the equiva lent stra ta of the Polish part of the EEP.

Lithuania and the Baltic Region. - The grapto lite sequence in the subsurface Silurian of Lithuania
has been studied and synthes ized by PASKEVICIUS (1974, 1979, 1986). Th e equivalents of the early
Ludfordian are represent ed by the Monograptus taura gensis Zone, the index spec ies bein g most probably
synonymous with Pseudomomnoclimacis dal ejensis (BOUCEK) (= M. haupti KOHNE). In the regional
strat igraphic scheme, the P. " tauragensis " Zone co rres ponds to the lower part of the Pagegiai Formation.
As the diagno stic species Saetograptu s lein twardinensis has not been recorded , the Gorsti anlLudfordian
boundary cannot be preci sely defined. Moreo ver, P. dalej ensis makes its first appearance and is quite
co mmon in the underlying Gorstian in Eastern Poland and in some erratic boulders of the Baltic origin
(KUEHNE 1955; URBANEK 1958). Therefore the lower boundary of the P. "tauragensis" (= dalej ensis) Zone
may only be delimitated by the disappearance of the lob ogratid fauna. The zonal species is ass ociated
with an impoveri shed faun a co mposed of bohemograptids and Pristiograptu s ex gr. dubius.

The balticus Zone is con sidered to be the second link of the Pagegiai Formation whi ch , in the
South-East Peribaltic area, also contains the overlying f orm osus Zone - the terminal unit of the Ludlow
part of the succession. The verti cal ran ges of the M. (S. ) balticus and the M. (F.) f orm osus overlap
co nsiderably and, what is more, there is some uncertaint y in the understanding of the associ ated species.



100 ADAM URBANEK

Beds of early Pfid oli age (the Minija Formation in the regional stra tig raphy) are charac terized by the
presence of Neocolonograptus parultimus , N. ultimus, and also N. loehkovensis. Thu s, they resemble the
sequence obse rved in the Mielnik sec tion in the early Pfidoli part of the borecore.

The grapto lite zon al subdivis ion of the Late Silurian whi ch has been established on the basis of some
key-wells in the Kalinigrad Region (Russ ian Federation) and in the Balt ic syneclize of Lithu ani a, looks
less refined as compared with that on the adjacent territ or y of Eastern Poland . Neverth eless it has recently
been used for the entire Eastern Baltic area and applied to Belarus (the Podlasie-Brest sy neclize; PASKE
YICIUS and PUSH KI N 1988). It was also employe d in an attempt to co rre late the Silurian deposit s in the
Poli sh and the Belaru s part of the above sy necl ize (PASK EYICIUS and PUSHKIN 1988, see also p. 92 herein ).

As compare d with Eastern Poland and Volh yni a, the grap to lite asse mblages above the scanicus Zon e
of the Balti c area see m impoveri shed , in spite of our knowledge of them being fairly complete . Th e
occ urrences of graptolite fauna were also carefully corre lated with the fac ies belt s, the assemblages of
she lly fauna and the distribution of co nodonts (PASKEY ICIUS 1986; EINASTO et al. 1986). BASSET, KALJO
and TELLER (1989: fig. 118) made an atte mpt at a correlation of the Silurian lith ostrat igraphic and regional
chronos tra tigraphical unit s in the Baltic Region .

Barrandian. - The gra pto lite sequence in the upper part of the Kopanina Formation was insufficiently
known until PRI BYL (1983) put forward its revision stimulated by new graptolite finds in that interval and
also by the progress of knowledge on the co-eval faunas in the EEP (URBA NE K 1966, 1970; TSEGELNJUK
1976). Recent findings leave no doubt that in addition to the linea ris, longu s, and inexp ectatus gra pto lite
zones recognized in the Kopanina Formatio n by PRI BYL (1983), the sequence also incl udes the kozlo wskii
Zone. The presenc e of thi s index spec ies, reported by URBANEK fro m Ce rtovy schody as early as 1970 ,
has recently been co nfirmed by newly discovered mater ial co ming fro m the Acantho lomina min uta Bed s
in the Kosov Qu arry near Beroun (STORCH 1995). Neo cucullograptus kozlowskii is associ ated there with
num erou s Polonograptus podolensis (PRIBYL). The profusion of Polon ograptus is a rem arkable fea ture of
the early Ludford ian faun as in the Barr and ian , whereas PRI BYL's longu s Zo ne, based unfortunately on
non-diagnostic pristiograptid spec ies, corresponds to the period of flowerein g of bohem ograptids (the
"Bohemog raptus proliferation Zone" according to URBANEK 1970) as we ll as to the B. cornutus Zo ne .
There is eve ry reason to believe that the Kopan ina Formatio n includes all the main grapto lite zones
reco gnized in the lower part of the Siedlce Beds in Eastern Poland (URBANEK 1970), and the ea rlier
opinions about the incompleteness of the Barrandi an equiva lents to the Poli sh sequence or abo ut the
presence of stra tigraphic hiatu ses there stemmed fro m an insufficient know ledge of the Bohemian sec tio ns .

Kopanina Formation. - Graptol ites of late Lud fordian age recogn ized in the Kopanin a Form ation are
rare and littl e diversified in co mparriso n with Volh ynia or Eas tern Poland. In the post-kozlowsk ii beds,
PRIB YL (1983) was able to distin gui sh the insigni tus Zo ne as well as the f eeundu s andfragme ntalis Zon es.
Sae tograptus (Co lonograp tus) insignitus PRI BYL is a junior synonym of Ludensograptus latilob us TSE
GELNJUK (see p. 161 herein). Thu s PRIBYL 'S biozone corres ponds to our Pseud. latilobus/M, (Ui] balt icus
Zone, the basal late Ludfordian grapto loid faun a in the EEP. The Bohemi an late Ludfordian faun a,
however, is much mor e impoverished than that of Volh yn ia or Eastern Poland. Altho ugh Monograptus
( Wolynogaptus) abhorrens PRIB YL and Monog rap tus (Formosog rap tus) fo rmosus BOUCEK are found in
the oldes t and the younges t zones respectively, true monograptids are sca rce, mainl y because of the lack
of the acer-spineus lineage. In the upper beds of the Kopanin a Formation, underl ying the Pfid ol i formation
in the stratotype area, gra pto lites are rare and non-diagnostic. They are mostly represented by pristiograp
tids, such as Pr isti ograptus fecundus PRI BYL whose presence in the Silurian of other areas has not been
establis hed reli ably, or by P. fragme nta lis (BOUCEK). The latter, differ ing fro m typ ical P. dubius (SUESS)
in a few qu ant itati ve fea tures, mark s a gap-filling zone, immed iately below the pa rultim us Zon e (see p. 96
herein). Future studies may brin g discoveri es of new fauna l elements , but the facies development of the
upper beds of the Kopanin a Form ation (coarse organode tritic limestones) is not parti cul arly promi sing.

Pfid ol i. - From the evo lutionary viewpoint the graptoloid fauna of the early Pfid oli has been amply
discussed herein, p. 105. The sequence starts with a sudden appearance of Neoco lonograptus parultimus
(JAEGER), and except for Monograp tus (Fo rmosograptus] [onnosus BOUCEK, a survivor from the und er
lying Kopan ina Formation , no true monograptids are init iall y present. Thi s monotonous assemblage of
bilobate types (ultimus, tran sg red iens ) is somewhat enriched by the reapp earance of Monog raptrus
(U nc inatograptus] prid oli ensis PRIB YL, that either for ms a subzo ne within the lochkovensis Zone (JAEGER
1986) or, in some sections, eve n precedes the appearance of the Neo co lonograp tus loehkovensis. In the
Barrandi an , M. (Ui ) p ridoli ensis frequently displays a mass occ urrence, formi ng mo nos pecific popula-
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tions; surprisingly enough, it is reliably known only from Central Bohemia. In view of its mass occurrence,
the endemism of M. (U'.) pridoliensis has no obvious reasons. However, Heisograptus difficilis, described
from Volhynia by TSEGELNJUK (1976), may be a senior synonym of PRIBYL's species (KOREN', personal
information).

Monograptids which reappear in the lochkovensis Zone of the EEP are represented by different species
(and subgenera, see p. 106 for an attempt to provide a theoretical evaluation of the reappearance of the
monograptids in the Pfidoli).

Another remarkable feature of the graptolite fauna of the Pfidoli in its type area is a considerable
proportion of the Dendroidea in the assemblages. Less common or rare in the Kopanina Formation,
dendroids occur abundantly in the Pfidoli (BOUCEK 1957: p. 157), where they are associated with grapto
loids in typical graptolite shales . The Pfidoli and Lochkov dendroids were equal, or superior to, graptoloids
(Monograptina) in their species richness. This is another remarkable feature of the latest Silurian and
earliest Devonian graptolites assemblages in the Barrandian, a feature which has no parallel in other areas
and may be considered one of the few examples of provincialism (or local ecological control) against the
background of the otherwise cosmopolitan and exceptionally uniform global graptoloid fauna of this age.

Kazakhstan. - The late Ludlow and Pfidoli deposits in Kazakhstan were intensively studied by
numerous researchers and the results obtained summarized by KOREN' (1983, 1986, 1989). The age
interpretation of the upper Akkan horizon (regional stage) is beyond doubt, being characterized by the B.
bohemicus tenuis and Neocucullograptus kozlowskii Zones. The overlying Monograptus (F.) formo
sus/Monograptus bessobaensis Zone has been one of the most debatable units in the Late Silurian
sequence. Initially, M. bessobaensis was identified as Monograptus similis PRIBYL (= M. pridoliensis
PRIBYL) which is indicative of a Pfidoli age for the zone (KOREN' 1983). Later studies revealed that the
monograptid in question is not conspecific with pridolensis, a species diagnostic for the corresponding
biozone in the Prague Basin . It is a new and so far endemic species (Monograptus bessobaensis KOREN') .

In a recent report, KOREN' (1989) refers her formosuslbessobaensis Zone to the late Ludfordian, rather
than to basal Pfidoli as was assumed earlier. It also marks the bottom of the Tokrau horizon (regional
stage), whose position within the standard Silurian is still uncertain. This especially concerns the Ludfor
dian/Pfidoli boundary that cannot be recognized in the section because of a 150 m-thick gap in the presence
of index graptolites and the absence of such diagnostic species as parultimus-ultimus and pridolensis
together with an unusual composition of the remaining graptolite fauna. Along with the species charac
teristic of the Pfidoli (Neocolonograptus lochkovensis PRIBYL, Monograptus bouceki PRIBYL, and Mono
graptus perneri kazachstanensis) , the Tokrau fauna comprises new monograptids revealing different
morphological types, which are either unique ("Monograptus" anerosus KOREN', Pseudomonoclimacis
sp.) or similar to the earlier, Ludfordian assemblages (Monograptus beatus KOREN'and Monograptus
supinus KOREN'). That is why "the Tokrau faunas at all strati graphic levels are much more diverse than
the Pfidoli associations" (KOREN' 1989: p. 153). Interpreted as being of Pfidoli age because of the presence
of the three index species mentioned above, the Tokrau faunas remain in many ways unique.

The degree of provincialism displayed by the fauna remains exceptional, since normally, as was
emphasized by JAEGER (1978), Late Silurian and Early Devonian graptoloid faunas show no detectable
provincialism and thanks to that can be used for very accurate worldwide stratigraphic correlations.

Turkestan-Alai (Kirghizia). - The sections of Silurian deposits outcropping on the northern slopes of
the Turkestan and Alai Range (Tian Shan) have been developed in pelagic and hemipelagic facies and represent
a continuous series of the Upper Silurian strata. Preliminary results of careful zonal collecting and studying
their rich and diversified graptolite fauna (KOREN' 1992) convincingly show that the sections are of crucial
value for the understanding of the sequence and correlation of Upper Silurian graptolite faunas.

The Ludfordian fauna is well-developed, containing an almost complete sequence of zones recognized
in Volhynia and Eastern Poland (URBANEK 1970; TSEGELNJUK 1976). Saetograptus (S.) linearis BOUCEK
is accompanied by the last cucullograptids [Cucullogrtus aversus (EISENACK)] and by new monograptid
species with an uncinatus-like type of apertures. Some other index species of the early Ludfordian were
also identified, e.g . Bohemograptus cornutus URBANEK. According to KOREN' (a preliminary report, 1993),
true monograptids (Monograptus s.s.) reappear here earlier than in Volhynia (TSEGELNJUK maintains that
they are absent from the Tagrin horizon and do not reappear until the Meton horizon of his Ulichian), or
Eastern Poland where they reappear in the latilobuslbalticus Zone . KOREN' (1993) has noted in her sections
an increasing density of monograptids with the uncinatus-type thecae "starting immediately above the
linearis Zone".
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In the post-kozlowskii part of the Ludfordian (late Ludfordian in the understandig of the present paper),
KOREN' (1992) mentions Monograptus (W) balticus TELLER and Pristiograptus[ragmentalis BOUCEK, but
emphasizes a special significance of the [ormosus/spineus Zone as defined in her regional biostratigraphic
scheme. Both index species are highly characteristic and easy to recognize (cf. p. 96 herein). Judging from
the already published data (and personal communications KOREN' 1993) , the sequence in Tian Shan repeats
the essential features of the graptolite zonation recognized earlier in Volhynia (TSEGELNJUK 1976) and
recently in Eastern Poland (URBANEK, this volume). The range of individual index species may, however,
be somewhat different [e.g. Monograptus (F.) formosus BOUCEK and Monograptus (u.) spineus TSEGEL
NJ UK are shown with the same FA's while in Eastern Poland the former appears much earlier].

The Pridoli has been best recognized within the Kursala Formation of Southern Tian Shan. The
sequence established there fully corresponds to that described by JAEGER (1986) in the type Pfidoli of the
Barrandian. A sudden appearance of Neocolonograptus parultimus (JAEGER) marks the eponymous zone
of a small thickness, followed by the ultimus Zone, with Monograptus (F.) formosus being an associate
in both cases. In the overlying branikensis Zone the assemblage becomes impoverished due to the
extinction of M. (F.) fonnosus and Pristiograptus [ragmentalis at the top of the underlying zone. KOREN'
(1993: p. 40) considers the parultimus-ultimus-branikensis graded series a single phyletic lineage.

The sections of the Turkestan-Alai Range comprise all graptolite zones recognized in the upper part
of the Pfidoli type area (the lochkovensis, bouceki, perneri, and also the transgrediens Zone) . Istrograptus
transgrediens, lending its name to the last zone, already appears here , just as in the type Pfidoli, in the
branikensis Zone, but becomes a monospecific assemblage towards the end of the Pfidoli . The ranges of
the bouceki and the perneri Zone have not yet been established in detail. Neither M. (Uc] pridolensis nor
M. (Dulebograptus), characteristic of the Barrandian and the EEP, respectively, have been mentioned by
KOREN' (1992).

After more data have been published, the South Tian Shan section will probably become one of the
reference sections of the Upper Silurian on the global scale.

Northern and Arctic Canada. - A recent comparison and correlation of Ludlow and Pfidoli grap
tolites in the Arctic Islands and northern Yukon have been provided by LENZ (1990). The sequence
recognized above the Saetograptus linearis Zone and below the earliest Pfidoli zone comprises the
Bohemograptus bohemicus tenuis Zone alone. According to LENZ (1990: p. 1078), its zonal period "would
appear to represent the flowering of bohernograptids". Although northern Yukon yielded Bohemograptus
praecornutus, B. cf. cornutus, and also "Bohemograptus " helicoides, its fauna seems to be depauperate.
Particularly striking is the absence of Neoeueullograptus and the scarcity of specialized Bohemograptus
species in the early part of the Ludfordian. Among the late Ludfordian faunal elements one could mention
Monograptus cf. balticus TELLER in northern Yukon (referred, however, to the tenuis Zone), while
Monograptus (Formosograptus) [ormosus BOUCEK is reported from the parultimus Zone. Hence, equival
ents of a diversified late Ludfordian fauna as found in the EEP have not been recognized so far .

The Pfidoli part of the sequence is more fully developed than that of the highest Ludlow. In a broad
sense, it corresponds to the European stratigraphic zones. LENZ (1990: p. 1082) mentions the scarcity or
absence of such Pfidolian species as Monograptus (U»} pridolensis PRIBYL, Monograptus perneri PRIBYL,
and Neo eolonograptus lochkovensis PRIBYL, while JACKSON (1978) recognized in Yukon the Istrograptus
(T.) chelmiensis Zone. The above picture of the development of the Ludlow and Pfidoli graptolite faunas
may, however, be incomplete as the studies are steadily progressing .

Remarks on standard classification of the Silurian. - The present subdivision of the Silurian
System was shaped by the work of the Subcommission on Silurian Stratigraphy (1975-1985), reviewed
by HOLLAND (1989) . The long and thorough work of SSS proceeded, however, under the burden of history
and the influence of the heritage of investigations (compare HOLLAND 1980b). In the present author 's
opinion not enough attention was paid to the proper evaluation of the entirety of the new data available,
especially tho se concerning the development of the graptolite fauna at the Wenlock/Ludlow boundary as
well as between the Ludlow proper and the Pridoli sequence. Instead of looking from a wider comparative
viewpoint, the majority of the Subcommission was clearly influenced by regional and historical reasons
(see also JAEGER 1991). A similar point of view was expressed by TSEGELNJUK (1983) who emphasized
a preoccupation with the geological history of the British Isles on the side of the majority of SSS , leading
to a certain undervaluation of the progress in the knowledge made in other areas. This is why the final
outcome is in certain aspects rather controversial and has met criticism. Thus JAEGER (1980) disagreed
on the usage of series and stages by SSS majority and argued that Llandoverian , Wenlockian, and
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Ludlovian should be ranked as stages . Regarding them as series (HOLLAND 1980 ) introduces a superfluous
cat egory into the stratigraphic classification of the Silurian and reduces the newly defined stages into
narrow unit s. JAEGER insisted that stage be regarded as an important category, defined by a number of
grapto lite zones, recogni zable around the globe and having an adequate size . I agree with the abo ve
arguments and share the opinion that the stratigraphic classification, accepted by the SSS and aproved by
International Geological Congresses (Pa ris 1980 , Mo sco w 1984), is unnecessaril y co mplica ted.

Still more important , however, are inconsistencies which may be see n between the accepted strati
gra phic boundaries and the natural interva ls obser ved in the development of the graptolite faun a. Some
instances of such incongruities are parti cul arl y striking . Due to the redefinition of the Wenlock Series its
newly recognized Homeri an Stage enve lops both the late Wenl ock fauna (within the C. lundgreni Zone),
its mass ex tinction epi sode as we ll as the ear ly recovery pha se of an entirely new assemblage. From the
standpoint of the development of the graptolite fauna, the Homeri an stage is such a heterogeneous set of
grapto lite zones that in fact it is meaningle ss as a stratigraphic unit! It is malum neccessarium and we use
it only because it is an intern ation ally recognized standard. I therefore share criticism expressed in this
connection by JAEGER (1991 : pp. 311-331 ), who also emphasized a rather paradoxical fact , that the
conservative stance regarding the WenlocklLudlow boundary follows at the same time a mod ern approach,
and sets the boundary in a close relation to the event of the fir st order (the lundgreni Event) , whilst the
boundary approved by the SSS pays no atte ntion to it.

The next obvious imp erfecti on in the standard classification of the Silurian, is the recognition of the
Ludfordi an Stage, clearl y a premature decision . At its type area, the Ludfordian co ntains only one
grapto lite - Saetograptus leintwardinensis, which was used to define the base of the stage (LAWSON and
WHITE 1989). In this way thi s boundary goes through the co ntinuous lines of development of sae tog raptids,
cucullog raptids and retiolitids (see URBANEK, this vo lume, p. 38) . Hence, the Ludfordian at its type area
is devoid of a rich graptolite fauna, already described by the time the SSS decision was made (HOLLAND
1980a), from the EEP (URBANEK 1970 ; TSEGELNJ UK 1976). I co ncur with JAEGER (198 0, 1991) that the
boundari es and the content of the Silu rian stages should be defined in terms of grapto lite bio zon es. In this
respect Ludfordian as curre ntly und erstood is an "e mpty" stage. TSEGELNJUK ( 1983 ) was essentia lly right,
spea king of a "los t stage" in the recent subdivision of the Silurian , and having in mind the "pos tl. udlow
prcSkala" inter val (co mpare his interesting conce pt of the Ulichi an superstage discu ssed herein , p. 98 ).
Thi s regrett abl e si tuatio n co uld perh aps be improved , by a rede finition of the Ludfordian on the basis of
graptolite zonation, and selec tion of an alternative reference section (a parastratotype) developed in the
gra pto litic facies or in a mixed bio facies. The importance of the grapto lite based zo nation is emphas ized
not merely to obser ve the principl e of orthos tratigraphy (otherw ise rather und ervalued by the SSS ), but
because of the exce ptional significance gra ptolites pla y in intercontinental and globa l corre lation, as well
as in the high resolution region al stratigraphy.

GRAPTOLITE FAUNAS OF THE LATE LUDFORDIAN
AND THE EARLY PRIDOLI

The development of the grapto lite faunas in the late Ludfordian and Pfidoli reveals a number of
rem arkabl e similarities in the general course of eve nts and their repe tition as we ll as in an excee nding ly
high degree of hom eomorphy. In both cases, the development starts from a recovery, represent ed by an
acme of new spec ies whic h or iginated from local surv ivors (in the late Ludfordian , by a massive occ ure nce
of Pseudomonoclimacis ex gr. lati lobus (TSEG ELNJ UK) and in the ea rly Pfidol i, by an equally massive
occ urrence of Neocolonograptus parultimus (JAEGER) and N. ult imus (PERNER)) . Th ese e leme nts represent
simi lar morphologies and the sa me ada ptive type whic h may be ca lled the bilobate type (as defined below).
Therefore eac h of the faun al cycles was initi ated by a strikingly similar spec iation event.

Moreover, the graptolite assemblages of the late Ludfordian and ear ly Pfidoli are marked by the
presence of homeom orphic pairs of spec ies featuring an exceending ly high degree of resemblance. Thus
the Ludfordi an latil obus group pair s with the Pfidolian ultimus group and also with the transgrediens one ,
shar ing with them a number of ch aracters in thecal morphology and in the ove rall appearan ce of the
rhabd osome. A similar homeomorphic pair among the Monograptus spec ies is produced by Ludfordian
M. (u.) acer TSEGELNJ UK and M. (Ui) hornyi JAEGER from the Pfidoli . They have the same characteristic
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shape of the apertural lobe and eve n a co mmon tendency to produce antero-lateral processes upon the
lobe! The genera l morphological spec tru m of the grapto lite fauna is, however, predominated by pri stio
graptid-like spec ies with paired apertura l lobes, especially charac teristic of the Pfid oli but also present in
the basal part of the late Lud fordian (see the bilobate adaptive type below). They are not on ly simi lar to
eac h other, but at the same time reveal a great resemblance to Gorstian Colonograptu s PRIB YL.

TH E ORIGIN O F TH E LAT E LUD FORDI AN GRAPTOLITE FAUNA

The gra ptolite fauna within the Ludford ian stage revea ls a dist inctly bipart ite co mpositio n due to the
kozlowskii Event , which wiped out the fauna l asse mblage of the ea rly Lud fordi an and opened the possi
bilit y for the development of a radica lly new grapto lite fauna. It is charac terized by a modest share of
new species, which origi nated fro m indi genous survivors, and by the predominant ro le of the Lazaru s and
cryptic immigrant s.

The late Ludford ian fauna was formed as a result of the recovery which fo llowed the kozlowskii Event,
or C3 in URBANEK 'S terminology describing the biotic cr ises in the Upper Silurian (URBAN EK 1970, 1993).
As recorded in the Mielnik deep boring, the eve nt is mark ed by the extinction of the last neocucullograptid,
Neo cucullog rap tus kozlowskii, and the late bohem ograptids associated with it. Th e last occ urrence of thi s
fauna is overla in by a ser ies, about 25 metres thick , co ntaining a re lic assemblage made up of Pri sti o
graptus dubius s.1. and Linograptus posth umus. Neither of the survivors displ ays proli feration (mass
occ urre nce ). In line wit h the co nce pt pro posed recently by URBANEK ( 1993), the local survivors did not
respond to the ecolog ica l release by a populat ion burst, showing no signs of what he has called the
post-event syndrome. Hence, they missed an oppo rtunity to a massive re-rad iation by mea ns of speciation
from indigenous survivors. Some new species , namely P. dubius fragmentalis , usua lly co nsidered to be
an index species for the upper part of the late Ludfordian, did . however, appear th rough splitting fro m the
Pristiograptus dubius stem-lineage . The Pseudomonoclima cis lati lobu s, a probable der ivative of the early
Ludfordian P. dal ejensi s, produced a horizon of proliferation (acme zone) thu s marking the beginning of
the late Ludfordian in muc h the same way as the parultimus-ultimus gro up marks the beginning of the
pridol i.

The recovery, however, came essentially as a result of immigration of alien faunal elemen ts . Th e
succession enco untered in the Mielni k borecore allow s distingui shing three or four invasions of such
elemen ts, the earliest newcomer be ing Monograptus hamulosu s TSEGELNJUK, almos t immediately fo llowed
by M. balticus TELLER associated wi th the first representatives of the latilobus gro up. They define the
base of the late Lud fordi an and the beginning of the recovery (see Fig. 3). M. balticus, a slender
monograptid representing M. tS lov inogroptusv. deserves to be classified as a Lazaru s taxon (fo r definiti on
see JABLONSKI , 1986 and herein, p. 105). It was quite co mmo n for so me tim e, leavin g no imm edi ate
followers in the Mielnik we llco re or in other EE P sec tions Nevertheless, its re lation to younge r grac ile
monograptids was suggested by some authors, e.g. by KOREN' (see p. 133 herein ). The next to invade the
vacant habit at was M. (Formosograptus) fo rmosus, a species with a distinct morphology showing a re
mark able similarity in its thecal characters to the Telych ian Oktavites spiralis. M. (F.) [ormosus, which
sho uld be best regarded as cryptic (cryptogenetic) , rema ins for some tim e very rare , then later ex hibits
a mass occ urre nce and defines a distinct acme horizon (PI. 2: 2). In the EEP and especially in the Balti c
area, the appearance of F. form osus is, as a rule, related to a wide spread transgressive event (BASSET et
al. 1989). In Barrandian (JAEGER, 1986), M. (F.) fo rmosus appears in the Kopanina Beds, displayin g
a discontinuous distrib ution and never fea turi ng an acme horizon . Thus the range of F. fo rmosus on the
EEP is extensive, as it almo st reaches the bottom of the parultimus Zo ne.

In bot h cases this species disappears after some time, in all pro bability leaving no descendants . In the
co urse of the fau na l succession, the third species Mono graptus (Uncinatog raptus) acer TSEGELNJUK,
a possible descendant of M. ( u.) hamulosus TSEGELNJUK, makes its appearance, produ cing a distin ct zone
in the Mielnik succession. Not unlike M. balticus, it manifests the rea ppearance of "true" monograpt ids,
which have been absent fro m all the sequences studied on the EEP since the end of the nilssoni-colonus
Zo ne. M. acer is probabl y ancestra l to the M. (U .) sp ineus TSEGELNJUK lineage. The prim ary species of
this lineage have an Il1lcilla tus-lik e apertura l apparatus (simple lobes), later transformed into a mor e
co mplex lobate-spin ose type. The latter type represented by M. (u.) spineus TSEGELNJUK is in most
respec ts homeom orph ic to the late Wenl ock spinose monograptids of the priodon gro up (URBANEK 1995),
represe nting again st the background of coe val fauna an unu sual eleme nt.
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The reappearance in the Ludfordian-Pfidoli of uncinatus-like true monograptids has been ascribed by
URBANEK (1993) to the Lazaru s effect. Thi s is by no means a trivial event, as was rightly emphasized by
BULMAN (197 1, 1978). He was convinced that their reappearance could be explained by migration of the
pelagic graptolite faun a from some mid-ocean "reservoir" . In ord er to substantiate their long absence from
all known success ions, URBANEK (1993) sugges ted that BULM AN'S "reservoirs" might correspond to
Central Water masses isolated by gyres . The latter concept has been recently developed in oceanog raphy
(see VAN DER SPOEL 1986) and could be applied to explain Lazaru s effect s in the pelagic macrozooplankton
of the Earl y Palaeozoic. The hypothesis advanced by RICKAR DS et al. (1977 : p. 78) that the Late Silurian
Earl y Devonian represent at ives of Monograptus s.s. "evolved independetly from a pristio graptid ancesto r"
seems far less probabl e, at least for the Ludfordi an-Pfidoli interval, in light of the widespread recognition
of the role of Lazaru s effec t in graptoloid biotic crises . How ever, de novo appearance of hooded mono
graptids cannot be excluded for Early Devoni an faun as. POR E;BSKA (1984) pro vided convincing ev ide nce
that "M." aequabilis developed from Pfid oli pri stio graptids of dub ius or kosoviensis type. Her observa
tion s, how ever, pro vide no support for the coa lescence theory of the origin of hoods as postulated by
RICK ARDS et al. (1977), and hood s were for med through the co ntinuing growth of the dor sal wall of the
thec a (see p. 156 herein ).

The reappearance of uncinatus-li ke monograptids had far-reac hing co nsequences as their descendants
con stituted a large porti on of the Late Silurian graptolite faunas. (This was convincingly demonstrated by
JAEGER 1978, 1986). Some of the unc inatus-like monograptids must have been tempor arily less successful
(e.g. M. balti cus), some had better luck (as M. acer whi ch established a per sistent lineage). Generally
speaking, it was the reappea rance of true monograptids [Monograptus (Uncinatograptus) ] as a result of
the Lazaru s effect that shaped the major features of the grapto loid history in the Late Silurian and Early
Devonian . Wh ilst the ea rlier authors saw the reapp erance of uncinatus-like forms onl y at the base of the
Pfid oli , recent studies provide ev ide nce for their much earlier reimmi gration and flou rishin g in the late
Lud fordian and prob ably eve n earlier as indi cated by the latest findings of KOREN' (personal information).
She has recogni zed three types of true Monograptus with in the leintwardinensis Zone in the Kursala
Formation of Tien Shan. Another ea rly rea ppaearance of uncinatus-type monograptids is that of Mono
graptus ceratus, recogni zed in the leitwardin ensis Zone of north ern Yukon and Can adian Arctic Island s
(LENZ 1988, 1990).

The meanin g of the uncinatus type of theca needs, however, a certa in redefiniti on . In the light of rece nt
knowledge, the view that the bulk of Late Silurian and Early Devonian mon ograptids represent a uniform
uncinatu s type of theca (JAEGER 1978 , 1986) is no longer tenable. Not only some Devoni an lineages show
a clearly separa te or igin (e .g. the aequabilis lineage, PORE;BSKA 1984), but also some earlier groups [e.g.
M. (Dulebograptus) TSEGELNJ UK] displ ay spec ializations , suff icient to make any immediate derivat ion
from M. (U) uncinatu s imposs ible. Nevetheless, the majority of Ludfordian-Pfid oli hooded monograptids
reveal enough similar ity to have been derived fro m a co mmo n ances tor, or from a core group of which
M . (U) uncinatus is a typical representative . Its thecal characters are shown on PI. 2: 7- 9. Hence, the
present paper uses the term "uncinatus type of theca" in thi s restri cted sense . The Devoni an hooded
monograptids, wh ich acco rding to JAEGER (1986: p. 315 ) represented the peak in the evo lution of the
uncinatus Group, are in fact a heterogenous asse mblage whose affinity with M. (U) uncinatus is either
lackin g or diffi cult to perceive.

Summing up, the late Ludfordi an fauna owes its orig in mainl y to migration in which both the crypti c
and Lazaru s taxa took part, whereas the indigenous co ntribution to the new lines was negli gibl e. Some of
the migrants established them selves as permanent eleme nts of the fauna, starting new trends that wo uld
becom e full y operative within the stage (e.g. the acer-spineus lineage). In its development , the late
Lud ford ian faun a displ ays a substantially different pattern fro m that associated with the recovery after the
lundgreni and leintwardinensis Eve nts (Cl and C2 in URBANEK'S 1970 word ing). After Cl and C2, the lead
in the recovery was taken by indi gen ous spec iation and ada ptive radiation of local surv ivors . Subsequ entl y,
development s in the late Lud fordian are mimi cked by the course of event s after the perneri Event (C4) ,

when the grea t Silurian/Devoni an turn over involved a mass invasion of alien fauna l eleme nts with
a negligibl e parti cip at ion on the part of the local survivors.

TH E ORIGIN OF THE PRIDOLl GRAPTOLlTE FAUNA

In the Mielnik borin g, a 60 m thick se ries of sediments was enco untered above the top of the spineus
Zone, co ntaining an impoveri shed gra pto lite assemblage with P. dub ius and P. dub ius labiatus subsp. n.
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along with rare Linograptus posthumus. This dubius Interregnum corroborates KOREN'S (personal com
munication) view that the late Ludfordi an fauna displays a distin ct discontinuity in its development , which
should be recogni zed as an extinction event, nam ely the sp ineus Event. Previ ous studies on the type Pfidoli
(JAEGER 1986: p. 314), dem onstrate a relatively high distinctness of this stratigraphic stage as far as its
grapto lite fauna is conce rned. This is es pecia lly well seen when we trace the hold-over s from the
underlying Kopanina Beds. There are only four such species (P. dubius s.l., P. fra gmental is , F fo rmosus,
and L. posthumus). The large majority of the spec ies are confined to the Prid oli , and either developed
from the local surv ivo rs after the spineus Eve nt, or appeared throu gh immigration. The latter so urce
acco unts for the appearance of Mon ograptus (Unci natograptus), which displays a Lazaru s effec t (it
disappears for some time from the succession and is absent from the sequence until the lochkovensis
Zone). The same is true for the Mieln ik core sequence , where the first true monograpt ids reappear only
in the lochk ovensis Zo ne, being represe nted by Monograp tus (Dulebograptus) trimorphus, instead of M .
(u.) podoliensis as in the type Pfidoli . The EEP sections (E Poland , Volh ynia) show differences in
compos ition as co mpared with Barrandian, but the Lazarus effec t in the distribution of hooded monograp
tids across the Ludfordi an/Pridoli boundary is common to all three areas. Th eir reapp earance and later
development added to the diversity of the assemblages.

On the whole, however, the ear ly Pfidol i graptolite faun a looks imp overished and featureless as
co mpared with the late Lud ford ian faunal assemblage. Thi s is especi ally clearly see n when compari ng
Pfidoli an and Ludfordi an graptolites recogni zed rece ntly on the EEP. In Barrandi an, the scantiness of
graptolites in the underlying Kopanin a Formation , as well as their inadequ ate knowledge, gives the early
Pfidoli fauna the look of a prol ific asse mblage. In fact, it was predominated by a sing le morph ological
type, defined herein as the bilobate type, which was prevailin g in the Pfidol i and disapp ear ed with the
transgrediens Zo ne (JAEGER 1986).

Thi s significa nt trend in the morph ological evo lution appea red in the early Pfid olian as Neocolono 
graptus parultimus, which initi ated the parultim us- loc hkovensis lineage. In the type Pfidoli , monograpt ids
from this group constitute numerically the bulk of the fauna and define the prevailin g morphologic al type
of early Pfidolian gra ptolites . Thi s is also true for the Mieln ik borecore where N. parultimus for ms
a distinct hori zon , some 17 m thick, with abundant index species, occ urr ing monospecifi cally or associated
with sca nty Linograpt us. The appearance of parultimus defines the base of the Pfidoli in Barrandian,
a boundary which, in the Mieln ik sequence, can be es tablished approximately at a depth of 692 m. Th e
previously publi shed data (URBANEK 1970: p. 177) placing this boundary at a depth of 823.00 m are
incorrect and were cause d by a misiden tification of the fauna at this early stage of the study. It sho uld be
noted that in the Kazakh stan sections, parult imus has not been recognized so far (KOREN' 1983).

The appearance of parultimus represe nts a bord erline case between immi gration and local spec iat ion.
Since its immedi ate ancestor has not been recogn ized within the established assemblages, pa rultimus can
be interpreted as an imm igrant. But it is only in a few minor traits tha t it differs fro m pristiograpt ids of
the dubius type - a gro up co mmo n in all sequences studied. One can reasonably assume that parultimus
evo lved through parapatric speciation with but a few changes needed to form a new spec ies . URBANEK
( 1993: p. 35) proposed the term "sernicryptic origin" for such borderl ine cases on the gro und that the
ances tra l group could be re liably established, but the transiti on stages are still unkn own . It now see ms
that late Ludfordi an Pse udomonoclimacis latilobus (TSEGELNJ UK), although displaying a remarkable
ove rall similari ty to the ult imus gro up of the early Pfidoli , was already too specialized to be cons ide red
an ances tor of the last named gro up (see below, p. 164).

TH E COMPOS ITI ON OF T HE LAT E LUDFORDIAN GRAPTOLITE FAUN A

As a result of intense imm igration and thank s to a certain contribution from local speciatio n of
indigeneous surv ivors, the late Ludfordian gra pto loid fauna co mprises the follow ing eleme nts:

( I) taxa which reapp eared as a result of the Lazarus effect and are represented by Mo nograptus
(Uncina tograptus) or Mo nog raptus (S lov inograptus], e.g . M. (S.) hamulosus TSEGELNJUK, M. (S.) balticus
TELLER. Some of these spec ies es tablished lineages that developed throu gh the late Lud fordi an (see 3
below );

(2) cryptic (cryptoge netic) immi grant s, such as Mon ograptus (F) fon nosus, represe nting a distin ct
adaptive type, which to some ex tent may be considered an analog ue of "triangulate rnonograptids" among
the Ludford ian-Pfidoli an fauna. It see ms to have disappeared witho ut leavi ng descendants;
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(3) the acer-spineus lineage. Having started from an ancestor which appeared as a Lazarus taxon (see
I , above), it produced a highly elaborate lobate-spinose apertural apparatus manifesting a distinct adaptive
~. This lineage evolved through local speciation, as traced in the sequence (URBANEK 1995). M. (u.)
spineus is a highly characteristic index fossil for the late Ludfordian, recognized so far on the EEP (E
Poland, Volhynia) and in Central Asia (Tien Shan, Alai Range) . That is why KOREN' (1992, 1993)
recognizes the [ormosus/spineus Zone both in her regional biostratigraphic zonation and in the global
standard;

(4) bilobate monograptids with distinct ventral excavations, represented by Pseudomonoclimacis lati
lobus TSEG ELNJUK, probably related to P. dal ejensis (BOUC: EK) from the underlying early Ludfordian beds.
It appeared as a result of local speciation and is strongly homeomorphic to the parultimus-ultimus group
of the Pfidoli. As P. dalejensis itself had most probably a pristiograptid ancestry, P. latilobus may be seen
as an indirect derivative of the dubius stem-species;

(5) conservative or slowly evolving survivors of the kozlowskii Event, namely Pristiograptus dubius
s.1. and Linograptus posthumus (Reinhard RICHTER). The stem-species represesented by P. dubius pro
duced a robust, rapidly widening variety usually considered to be a separate species (P. fragmentalis
BOUC:EK), although a subspecific rank seems more appropriate. In the Mielnik core, it appears in the basal
part of the late Ludfordian, while in the Kopanina Formation of Barrandian, it is considered the index
species for the uppermost part of the formation, thu s immediately preceding the parultimus Zone. Lino
graptus posthumus within the Ludfordian had already attained all its species-specific characters (a multi
ramous pattern, presence of a virgellarium), displaying later gradual changes through the Pfidoli (URBANEK
1993 and in this volume).

THE COMPOSITION OF THE EARLY PRIDOLl GRAPTOLlTE FAUNA

As a result of the processes described above, the Early Pfidoli fauna comprises the following elements:
(I) indigenous survivors of the spineus Event, e.g. Linograptus posthumus and Pristiograptus ex gr.

dubius;
(2) immigrants representing Lazarus taxa, namely monograptid relic s from the Ludfordian: Monograp

tus (Dulebograptus) trimorphus (on the EEP) or Monograptus pridoliensis (in the type Pfidoli), the latter
showing a considerable speciation potential;

(3) two distinct lineages evolved locally from either source I (indigenous survivors) or source 2
(Lazarus taxa, uncinatus-like monograptids), namely:

3a, the pridoliensis-hornyi lineage traced in the type Pfidoli by JAEGER (1986),
3b, the parultimus-lochkovensis lineage. Its immediate ancestor though still unknown should not be

too remote from the conservative pristiograptid stem (see above),
3c, the parallel transgrediens lineage.
Lineages 3b-3c developed a distinct bilobate adaptive type whose gradual evolution can be traced in

the Mielnik sequence (however, see below a different opinion presented by TSEG ELNJ UK, p. 168).
In terms of numerical abundance, the significance of each of the se elements in the composition of the

fauna varie s considerably. Nevertheless, the components listed above as 3a and 3b-3c predominate and
define the morphological spectrum of the fauna .

TRENDS AND ADAPTIVE TYPES

The term "trend" is used in this paper in an operative sense. It means a certain direction of morpho
logical change, leading to the appearance of a given condition (a morphoecological or adaptive type),
characterized by a stable complex of features . A trend may affect several lineages being in thi s way
responsible for the essential similarity of graptolite faunas of different age and ancestry. A trend may also
be defined as a tendency towards achieving a certain morphological type by a number of evolutionary
lines either within a certan span of time or within different intervals.

Trends are largely responsible for the morphological and ecological spectrum of graptolite faunas,
especially for the reappearance of similar structural (and adaptive) types. Such understanding of the term
"trend" corresponds to its usage by other graptolite workers (RICKARDS et al. 1977) . The late Ludfordian-
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early Pfidoli faunas display operation of three prevailing trends, respon sible for three distinct adaptive
types: bilobate, lobate-spinose and lob ate. Two first trend s are discussed in some details below, while the
third one is only briefly menti oned .

The bilobate trend and adaptive type . - The bilobate adaptive type is characterized by the devel
opment of paired apertural lobes, described figura tively by JAEGER as "blinders" (undulating aperture of
RICKARDS et al. 1977 ). The corres ponding morph oclines in the Lud fordi an and Pfidoli esse ntia lly repeat
the events which occ urre d in Homerian-Gorstian Colonograptus (cf. considerations in URBANEK 1960
and their criticism in JAEGER 1978a). In the late Ludfordian faun a, this adapti ve type is represented by
Pseudomonocl imacis latil obu s TSEGELNJUK, atta ining a degree of lateral lobe elaboration co mpara ble with
that in the adva nced morphs of Neocolonograptus ult imu s (PERNER) from the Pi'idoli. There is no doubt,
however, that a bilob ate aperture developed independently in both cases, rep resenting a clear case of
homeomorphy. A probabl e ances tor of P. latil obus may be see n in Pseudomonoclimacis dalej ensis
(BOUCEK) (= M. haupti KUEHNE), a Gorstian-Ludfordian representative of the pri stiograptid-like types,
provided, with distin ct excavations of the ventral wall of the thecae. Thi s feature is shared by P. lat ilobus
which is distingui shed by more or less developed lateral lobes (lappets). P. dalej ensis is particul arl y
common in the asse mblages of early Ludfordian age in the Mielnik boring, and it is reasonable to suppose
tha t it was subject to morph ological transformations during the environme ntal crisis at the tim e of the
kozlowskii Event. The ideas of TSEGELNJUK ( 1976, 1978) to assign his lat ilobu s to the gen us Ludenso
graptus TSEGELNJ UK, erected to include the late Homerian and early Gorstian bilob ate types, seem
unconvincin g. Such a gener ic taxon would be too heterogeneous phylogenetically and has littl e sense
strat igraphica lly. For the time being, the appli cation of the generic name Pseudomonoclim acis see ms more
justified in view of the thecal morphology and a possibl e deri vation of P. latilobu s TSEGELNJUK from P.
dalej ensis BOUCEK. Late Ludfordian P. latil obus forms a homeomorphic pair with Colonograptus ? ger
hardi (KDHNE) from the late Homerian as a result of the combination of ventral excavations and lateral
apertura l eleva tions.

The Pfid oli morph ocline leadin g to bilobate forms started from gentle lapp ets or eve n elevations in
the Neocolonograpt us parultimu s thecae. These struc tures became distin ctl y pron oun ced in N. ultimus
and, eve ntually, transformed into strong ly developed paired lobes in N. lochkovensis (Figs 6 and 8). Th e
link represented by ultimu s is brid ged by bran ikensis, a morph ological and temporal " intermediary"
between ult imus and lochkovensis, although it is morph ologicall y closer to the last of the two (JAEGER,
1986). In ex treme cases, the apertural struc ture of ultimu s rese mbles the lappets in juvenil e lochkovensis,
whil e the early growth stages of the latter reveal a great similarity with branikensis in the shape of the
rhabdosome . Thu s the particul ar temp oral spec ies of the pa rult imu s-lochkovensis lineage are interc on 
nected by transient s which leave no doubt that apertura l lapp ets originated de novo and developed
gradually during the early Pfidol ian .

Moreover, thi s course of events resembles, in its essential features, the development of paired apertura l
lobes in the Homerian-Gorstian monograptids, as initiated by praedeubeli and followed by more advance d
spec ies like gerhardi, colonus or roemeri (Fig. 7B I ' B2) . The above sequence forms the Colonograptus
trend characterize d by the development of apertura l elaborations strikingly similar to Pfidoli bilobate
monograptids. In view of this resemblance they deserve to be named "neocolonograptids" (Fig . 7C-C3) .

Thi s rather unu sual case of homeomorph y is further discussed below.

The empir ica l data do not confirm TSEGELNJUK'S( 1978) speculative hypothesis co nce rning the ancestry
of the parultimu s-lochkovensis lineage. He derived the fore runners of this lineage from the uncinatus
group of monograptids (his Uncinatograptusi through a critical phase represent ed by his Dulebograptu s.
Thi s tr imorph ic transient form has a few proximal thecae provided with apertural lobes only partl y
notched, several medi al thecae with co mplete ly paired lobes, and some distal ones with simple "pristio
graptid" apertures. TSEGELNJU Kass umed that the ultimu s gro up (his Skalograptus) was deri ved as a result
of the splitti ng of the initially undi vided apertura l lobe (hood) . In my opinion, the differences in the
specialization trends existing between Dulebograptus and late representatives of Neocolonog rap tus (such
as N. lochkovensisi exclude their immediate phylogenetic relati ons (see also p. 156), although the course
of eve nts posited by TSEGELNJU K (1978) is theoret ically plausibl e (see URBAN EK 1956 for a discu ssion on
the possibility of the splitting of the hooked aperture into paired apertural lobes). The decisive criterion
would be the presence of a morphocline link ing these two struc tura l types. Such a morph ocline has not
been recogn ized yet , and there is eve ry reason to believe that the actual phylogeny chose, in the case in
question , entire ly different path ways. In his considerations, TSEGELNJ UK neglects the progression (gradual
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elaboration) of the lateral lobes in parultimus-ultimus as described by JAEGER (1975, 1986). The morpho
logy of parultimus clearly indicate s that its presumed ances tor resembled the con servati ve pri stio graptid
of the dubius type . N. ultimus and N. lochkovensis also displ ay asto genetic and phylogenetic intergradation
and appear to represent a single evolutionary line (cf. the opinion of KOREN' 1992). In view of this
evidence, TSEGELNJUK 'S idea of separating N. lochkovensis and ascribing it a quite separate ancestry is
not convincing.

The lobate-spinose trend and adaptive type. - The discovery of numerous well-preserved lobate
spinose monograptids from bed s of Ludfordian age (TSEGELNJUK 1976) added an entirely new element to
this fauna . While homeomorphic to late Wenlock spinose monograptids tpriodon-flemingi Group), they
differ in minute struc tural det ail s (see p. 112 herein ). What is even more import ant , Ludfordian spinose
monograptids [M. (Uncinatograptu s) protosp ineus, M. ( u. ) spine us ] appea red as terminal products of
a lineage defined by URBANEK ( 1995) as the acer- spineus line age. Their evolution was traced in time and
they comprise their own morphocline, entirely different from that in earlier lob ate-spino se monograptids.
Thi s gap in time is the best criteri on of their independent origin , in spite of the homology in the structure
of the apertural app aratus. In the Mielnik borehole, lobate-spin ose monograptids of the species Mono
gra ptus (Uc) sp ine us make up quite rich assemblages through so me 3 m of thickness , and are clo sely
related to the underlying lobate spec ies. Their forerunners include M onograptus (Uc) aeer aeer TSEGEL
NJU K and M. ( u. ) aeer aeuleatus (TSEGELNJUK), as well as a transient link described by URBANEK (1995 )
as Monograptus (Ui] protospineus. Forming a distin ct lineage co mposed of M. acer, M. protospin eus, and
M. spineus , the lobate-spinose monograptids con stitute a highl y charac teristic, although so far underva
lued , component of the Lud fordi an fauna. They must have developed from the conse rvative stem of
Monograptus uncinatu s whose reappearance as a Lazaru s lineage marks one of the remarkable events in
the late Ludfordian (see URBANEK 1995 for an ana lysis of morphologic al changes in the above mentioned
lineage). The lobate-spinosity may be defined as a simultaneo us presence of hooked (hooded) apertura l
lobes and lateral spines, resembling those in the pri odon -flemingi group of Wenl ock mon ograptids. But
the adaptive type discu ssed in the present paper developed independently and sec ondarily during the
Pfidolian , Thi s can be dedu ced from the spec ific position of the spines : in the Pfidolian forms, it is
antero- Iateral in co ntras t to the Wenlock spec ies, e.g. M. (Mo nograptus) priodon, M. (M.) fleming i or
Testograptu s testi s , who se spines are situated laterall y (cf. URBANEK 1958, 1995 ; URBANEK and TELLER
1974 ; TELLER, 1986; LENZ 1990).

Whil e the ge neral appearance of Wenlock and late Ludfordian lob ate-spin ose monograptids is striking ly
similar, there are obvi ous differences in minute struc tural details as shown in Fig. 5A-C. The antero-Iatera l
processes (alp) of the dorsal apertural lobe, alth ough present in the Wenlock forms, do not serve as a base
for the spines which are placed beneath , on the lateral margins (Fig. 5B I' B2, Ip). The picture is quite
different in the Lower Pfidolian taxa, where spines are located directl y on the antero-Iatera l processes and
the later al margin s of the dorsal apertural lobes remain free (Fig. 5C I ' C2, alp) . It cle arly follows from
the above that lateral apertural spines are not hom olo gou s in the two groups in question. In spite of their
ge neral resemblance, each of the types was acquired independently, displ aying homoiolo gy rather than
hom ology. The lateral spines of Ludfordian lobate- spinose monograptids orig inated in the acer- spin eus
lineage through an interm ediate stage represent ed by protosp ineus (p. 148), which was doubtlessly
a novelty acqu ired in Lud fordi an time. The antece dents of the last named taxon (ace!; hamutosusi had
non- specialized spineless apertura l lobes, resembling in their ancestral features the lobes of Monograptus
uncinatu s (the nilssoni Zone of the Gorsti an). Thi s allows one to infer that lob ate-spinose monograptids
developed fro m the unc ina tus gro up, ass uming the imp act of the Lazaru s effect and the later reapp earanc e
of relati vely non-specialized descendant s of the stoc k in the late Ludfordi an [e.g. Monograptus (Us] aeer] .
Such genera lized monograptids of the uncinatus group subsequently underwent spec ialization and grad
uall y evo lved into lobate- spinose forms (URBANEK 1995).

The well -known lobate-sp inose mon ograptids of the Upper Wenlock were therefore too highl y spe
cialized to be ances tra l for the similar Ludfordian for ms. Moreover, they manifested a different trend in
spec ializa tio n as can be see n from distinct differences in the position of the spines in relation to the
hom ological points of the dorsal apertural lobe (mar ked x , y in Fig. SA- C) . In spite of its later occurrence,
Mon ograptus (Uc ] uncinatus represent ed a less spec ialized charac ter sta te and may safe ly be considered
an ances tral form in respect of the Ludfordian lob ate-spin ose lineage (Fig. SA I' A2) .

It seems that, notwithstanding the above struc tura l differences, Upper Wen lock and Late Ludfordi an
lob ate-spinose monograptids represent ed esse ntially the same ada ptive type with their lateral apertural
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Fig . 5
Comparison of apertural appara tus (A t, A2) in Mo nograptus uncinatus TUU.tlERG from the nilssoni Zo ne (Ludlow , Gorstian)
representing a nonspecialized , ances tral type of struc tutre , with late Wenlock (M. priodo ti-M. fle mingi group, B t , B2) and
late Lud fordian [M. (u.) spineusi lobate-spinose monograpt ids (C .. C2) . All seen in ventral and lateral aspec ts; x, y. z are
homological point s on the dorsal apert ural lobe. No te that lateral processes (lp) in late Wenlock forms were situated at x,
while their ana logues (alp, antero late ral processes) in Lud fordian forms were palced at y . Point z was tran sformed in the

latter gro up into a projec ting edge (pro montori um). After URtlA NEK 1996.

spines functi on ing in the same (although not qu ite obvious) way . They must have responded to essentially
the same dem and s posed by the env ironment in a similar, though not identical ( I) way owing to a stable
morphogenetic potenti al preserved within the mon ograpt id stock during at least 5 Ma of their history (see
recent estimationsin HUGHES 1995 ).

Significance of other trends in thecal morphology. - Am ong the other trends havin g great signi
ficance for the late Ludfordi an and early Pfid oli graptoloid faunas, one sho uld mention : (1 ) pri sti ograpt id
trend, characterized by essentially straight thecae provided with simple apertures [as in Pristiograptus
dubius (SUESS) and related spec ies like P. dubius frag mentalis (BOUCEK) or P. dub ius labiatus sp. n.]. Th e
importance of thi s co nse rva tive and non- special ized trend for the evolution of Late Silurian monogr aptids
was exceptiona l (RICKARDS et al. 1977; KOREN' and URBANEK 1994). Its double phylo genetic role
co nsisted of its excee ndingly high surv ival value without sig nifica nt changes combined with the ability
to produce, in certain situations, new and progressive line s of evo lution, branching off the main stoc k
(URBANEK 1993, 1994 ; KOREN' and URBANEK 1994). The latter ability is commonly described by palaeon
tolo gists as evolutionary plasticity.

According to KOREN' (1983 ) and JAEGER ( 1986), the last representatives of the dubius line are ob served
in the perneri Zone. One co uld hypothetize that by elimination of thi s phyleti c line, monograptids stro ng ly
reduced their potential for pro spective evolutionary change . Thi s factor, along with some oth ers recently
spec ified by URBANEK (1993), may be responsible fo r the lack of an adequate evolutionary response on
the side of the monogr aptids to the changing environment in the ea rly Devoni an time s, and in the last
instan ce, for thei r extinction.

The next trend (2) of grea t significa nce was represented by standard lob ate monograptids co mmonly
referred to as uncinatus-like or uncinatus-type monograptids. Th e importance of their reappearance and
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their role in the Upper Silurian faun as were discu ssed in various aspects abo ve (here in, p. 105). However,
they are not unique for the discussed time-span and pass into the Early Devoni an. Differences in express
ivity and penetrance as well as different sty les of their main charac ter, namely apertura1 hoods, leaves no
doubts that , phylogeneticall y, this trend was represented by a number of independent lineages. Along with
conventional monograptids, provided with a simple and entire apertural hood, the Late Silurian saw at
least two lines of specialization: one leading to the lobate-spin ose ada ptive type as discussed abo ve
(p. 109) and the seco nd, represent ed by Dulebograptus TSEGELNJUK The latter line developed notched
apertura l lobes, especiall y in the most proxim al thecae, resulting in a biform or even triform rhabdosome
(TSEG ELNJUK 1976 , 1978, 1988). The notched apertura l lobes are a highl y charact eri stic trait , not seen
before Pfidoli tim e. The origin of monograptids with a Dulebog raptus habitus might , however, precede
the appear ance of notched form s, and early rep resent ati ves of the group may be enc ountered among
Mon ograptus s.s. recogni zed by KOREN' as low as the leitwardin ensis Zone of the Kursala Formation,
Tien Shan (unpublished) . Specul ations concerning the supposed role of Dulebograptus as an ancestor of
some Pfid oli "neocolonog raptids" (TSEGELNJUK 1976, 1978) are discu ssed on p. 156 herein .

Thecal characters of some import ant index spec ies of the Pfid oli, such as Monograptus bou ceki PRI BYL
and Mon ograptus pern eri PRI BYL, were not recognized with any certainty. A number of descriptive terms
such as "c lawlike" were used to describe the shape of the apertural apparatu s in the form er species, but
they refer only to different preserv ational features and are misleading as a description of the real structure.
Observations on well-preserved semiflatte ned or three-dimensional specimens of M. bou ceki seem to
indicate the presence of standard hooded apertures, not unlike tho se in M. pridoli ensis PRI BYL. The latter
species see ms to be akin to M. bou ceki through the M. horn yi JAEGER transient link. The thecal charac ters
in some other frequently identified and described species will not be defined unt il isolated materi al is
ava ilable. Especiall y enigmatic are Pfidoli spinose monograptids, such as "M" . willowe nsis descr ibed by
BERRY and MURPH Y ( 1975) from the beds ass igned to the Pfid oli in Central Nevada.

JAEGER (1986: p. 3 16) recall s a poorly preseved Monograptus sp. gr. willowens is, which "was found
in a 1/2 cm-thick layer within the lochkovensis Zone" , as " the sole spinose spec ies in the type Pfidoli".
JAEGER (ibidem: p. 3 15) co mpares th is form with paired spines to the spinose monograptids of the lower
Ludl ow and find s some resemblance to Sea tograpt us fri tchi linearis from the Leitwardin ian of Europe
(see BERRY and MURPHY 1975: p. 80) . However, the real relationship of willowensis, its generic ass igne
ment and ori gin remain obsc ure. Recently, con specific or closely similar forms were described from the
pern eri Zone of the Tokrau hori zon of Kazakh stan (KOREN' 1983), which lea ves no doubt that spinose
monograptids are a regul ar albeit rather little-known constituent of Late Silurian grapto lite faunas . Until
now, how ever, there is no ev ide nce of their presence on the EEP.

The last trend to be menti oned is that of Late Silurian "triangulate" monograptids, represented by only
one spec ies: Monograptus (Fo n nosograptus) fo rmosus (BOUCEK) . Its origin rem ains obscure (see above,
p. 104).

HOMEOMORPHY AND ADAPTIVE REPETITIONS IN THE HISTORY
OF UPPER SILURIAN GRAPTOLOIDS

Homeom orphy as a descriptive-analyt ical ca tegory embrac ing paralleli sm and co nvergence was dis
cussed in the light of moderm evo lutionary concept s by GEORGE ( 1962) and reviewed recentl y by WEBB
(1994). The material studie d in the present pap er leaves no doubt that homeom orphy (es pec ially hetero
chronic paralleli sm and iterative evolut ion) was co mmo n in the history of Late Siluri an grapto loid faunas
(p. 11 4 herein ). I also share WEBB's (1994: p. 185) opinion that homeomorphy "poses major problems in
phylogenetic recon stru ct ion " .

A remark abl e feature of the evolution of Upper Silurian graptoloids co nsists in multiple repet itions of
certain developmental trends leadin g to a heterochronic appearance of analogous adaptive types (Fig . 6).
Thus the Gorstian and the Lud fordi an saw reradiation of the "o perculate" adapti ve type represent ed in
succession by cucullograptids tLob ograptus and Cucullograptusi and neocucullograptids (Neo lobograp
tus, Neocucullograptus i. Having a strikingly similar overall morphology, they displ ay differences in the
kind of fabric of which their hom eomorphic apertural apparatus are made: normal and microfusellar tissue,
respectively (URBANEK 1966, 1970). After the extinction of the last cucullograptids in the leintwardinensis
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Zone, Bohemograptus, a surv ivor related to the former stock by a common ancestor (mos t probably
Lobograptus? sherrardae from the praedeube li Zone), must have had its morph ogenetic potenti al similar
enough to recreate the operculate adaptive type. One may ass ume, on one hand , that the enviro nme ntal
conditions during Lud fordi an time agai n opened an opport unity for the existence of an "o perculate" niche.
On the other hand , the morphogenetic potenti al of the surv ivors had to be capable of res ponding adequate ly
to the demand s of the environment. Th at is why the "operc ulate melody" sounded twice, in the Gorstian
and during the Lud fordian. The kozlowskii Event eliminated the last bohem ograptids and neocucullograp
tids. Opercul ate monograptids were never recreated, their place being taken by qu ite different morpho
eco logical types. These, however, were not fully novel or unique, as they resurrected upp er Wenl ock and
lower Ludl ow themes. The form er involved lobate-sp inose for ms and their forerunners, while the latte r
was represent ed by members of the lineage leadin g towards bilobate species . The spinose-lobate morpho
logical type is strikingly similar to the upp er Wenlock spinose priodon-flemingi gro up. The bilob ate trend
is a less perfect imit ation of lower Ludl ow Colonograptus , but eve n here the resemblance is so strong
that at one time PRIB YL did not hesitate to ass ign lochkovensis to the genus Colonog rap tus . From a
formal-morphological point of view his decision is j ustified, although we know that the key-chara cters in
the two groups in question appeared independentl y and heterochronously.

Figs 5 and 7 provide a co mparative analys is of the cruc ial anat omical features in the older models and
in their yo unge r mimi c for ms. Their resemblance ca nnot be explained as a random co incidence for it
involves a number of common struc tura l principl es. The development within the bilob ate trend is illu s
trated by the succession of eve nts in the parultimus-ultimus-lochkovensis lineage (Fig. 7C I-C3) . A gra
dual increase of the lateral lobes fro m gentle elevations to large struc tures, covering to a great extent the
aperture, essentially repeats the course of eve nts see n in the Ludl ovian colonograptids and their forerun
ners (Fig. 7B 1, B2).Th e final effects are largely similar although not quite identi cal. The sa me is tru e for
the Ludfordi an lobate-spin ose monograptids. The ances tra l struct ures which may be observed in M.
ham ulosus and M. acer resemble the simple hooded apert ura llobe inherited from M. uncin atus (Fig . 5A "
A2) . Th e appea rance of Mo nograptus spine us is indicat ive of a lobate-spinose condit ion attai ned thro ugh
a trans ient link of Mo nograptus (U.) protospineus with elabora ted antero-latera l processes. M. spineus
shows a striking resemblance to the spinose monograptids of the late Wenl ock tp riodon, flemingi, testis),
its spines, however, are situated on the antero-lateral lobes (Fig . 5C " C2) and not on the lateral margin s
as is the case with the Wenl ockian for ms . (Fig. 5B " B2) . Thi s is, indeed , la pet ite difference between the
upper Wenlock and the late Lud fordi an lobate-spinose monograptids ! Both produced striking ly simi lar
spines superimpose d on apertura l lobes, but in eac h case these spines are differently situated in relation
to the homological point s (or so-ca lled landmarks) denoted as x, y, and z in Fig. 5 (see discu ssion above).
The spines of the Ludfordi an monograptids were form ed gradually and a comparati ve analysis reveals, in
Mo nograptus spineus , some components inherited from ll1lci1latlls-like ance stors and acquired at the
protospineus and spine us staqes of evo lution (URBANEK 1995: fig. 5).

In a very broad sense, the development of the gra ptoloid fauna in the late Ludfordi an and early Pi'idol i
may be see n as the re-establi shment of an esse ntially late Wenl ock-early Ludlow spectrum of morpho
logical diversity. Thi s is indic ated by the presence of hooked and spinose monograptids as significa nt
constituents of the fauna, along with an extraordinary profusion of Pi'idolian "colonograptids". M. (For
mosograptus) see ms to be the only genus to be inspi red by sti ll ea rlier U andovery pattern s.

Such heterochronic appea rance of similar morphological types may prob abl y be explained on two
assumptions: ( I) the morphological sys tem in monograptids displayed a relatively high rig idity, bein g
capable of only a limited numb er of struc tura l patterns, and (2) there was a relative sta bility of the adaptive
zone occ upied by the graptoloids as the domin atin g gro up in Early Palaeozoic macrozoopl ankt on .

The environment, exce pt during the disturb ances, cha llenged its inhabitants to repeatedly solve essen
tially the same probl em s, to which monograptids could offe r only a limited num ber of solutio ns. Most of
them were already used in similar situations with only a few representing entirely novel propositions in
response to the environmental demand s (see linograptids). Th is, at least partially, may explain a high
frequency of repetitive appea rances of striki ngly similar struc tura l pattern s in the history of Siluri an
mon ograpt ids (Fig. 6).

They were not unique in this respect , however, and STEBBI NS ( 1967) found numerou s instances of what
he term ed "adaptive reve rsa ls" in his study on the adaptive radia tion of angiosper ms. What he impli ed by
this was basically the rec urre nce of ce rtain morphological and adaptive themes in evo lutio n. However,
the evo lution of the Upp er Silu rian monograptids, represents a rather different case, and instead of reversal
of ex isting spec ializations and adaptations, we observe an iterati ve (repetitive) appea rance of adaptive
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Fig. 6

Simplified history of Pristiograptus dub ius (SUESS) and related lineages in the Late Silurian. Subject to adaptive radiation
in the late Homerian, P. dubiu s stem lineage remains con serv ative until earl y Pridoli. whe n a new splitting take place, (Ill
radiation phase ) producing Neocolonograptus and Istrograptu s, homeomorphic with Colonograptus-Saetograptu s lineage
of Gorstian. Mea nwhi le its descendant lines, which appeared in the ear ly radiation pha se, produced in the Gorstian (I) and
in the earl y Ludfordian (11) seco ndary radiations incl uding striking ly similar adaptive themes. Minor spec iation events are
marked with as terisks: * - in Gorstian and ** - in late Ludfordian . Furt her explanations in text. Afte r URBANEK 1996 ,

modified.
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Fig. 7
Com pariso n of the morph ological evolution of bilateral apert ura l lobes in the proximal thecae of Ludl ow co lonograptids , as
illustrated by Colonograptus praede ubeli (JAEGER) (B I , praedeubeli Zone ) and Colonograptus coionus ( BARRANDE) (B 2•

nilssoni Zone), with Pfidoli neocolonograptids represe nted by Neocolonog raptus paru ltimus (JAEGER) (C l ' parult imus Zone),
N. ultimus (PERNER) (C2, ultitnus Zone) as well as with N. lochkovensis ( PR IBYL) (C3, lochkovensis Zone). Final produ ct s
of both lineages displ ay a remar kable resembl ance, although they developed heteroch ronously and indep end entl y from the

persistent stem lineage of Pristiograptus dubius (SUE SS) with stra ight apertura l margins. After U RBA NEK 1996.

types, resembling that known from the past, but descending from co nservative stem lines. The application
of the term "adaptive reversal" would be inadequate in the case in question . Moreover, the suggested
terminology seems superior as compared to RICKAR DS' (1988) recen t attempt to introduce such notions
as "heraldic" , "anachronistic" and "echoic" as descriptive catego ries in the analysis of the sequence of
graptoloid fauna s. "Heraldic evo lution" is charac terized by an ear ly appearance of certain morpholo gical
types which reapp ear and flouri sh again at a much later tim e. A classical exa mple may be Telychian
Oktavites spiralis precedin g (and "hera lding") a much later occurrence of Miformosus. Thi s see ms to me
rather a literary approach that has little explanatory force and essentially repeats the conc ept of "Vorfor
men" or "Vorpostenforrnen" used by German palaeontologists. I am convinced (URBANEK 1996) that the
occurrence of repeatedly evolving characters in some groups of Late Silurian monograptids ca n be
explained within the fram ework of notion and concepts developed by phylogenetic sys tematics (e.g.
"ca nalized evolutionary potenti al" sugges ted by SAETH ER 1983 or "rampant paralleli sm" int roduced by
Gosliner and Ghiselin , 1984 and Slu yter, 1989). I also assume a close genealogical affinity of the groups
in question due to the effect of oligophyly, which is defined herein on p. 124.

Due to the above pattern of evolutionary change , homeom orphy is a distinctive feature of the Upp er
Silurian graptoloids . Thi s is expressed in the growing number of generic names, containing the prafix
neo-, pseudo- , thus emphas izing the resemblance to earlier taxa. Some of the homeomorphic traits fulfill
the criteria of homology, but were acquired in a different time , although morphoclines produ ced could be
strikingly similar. That is why in addition to criteria of ancestry and transient form s, a time parameter,
definin g e.g. when a give n apomorphic feature was acquired (if it app eared more than once! ) is also
needed. For instanc e lateral apertural eleva tions (e, or "blinders", see p. 11 2), were acquired by pristio-
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graptid-like ancestors in the Homerian (eH , e.g . Colonograptus? ludensis, KOREN' and URBANEK 1994)
and again in the early Pfidoli (eP, herein p. 112) by Neocolonograptus parultimus-N. ultimus. Moreover,
such a trait appeared in the lateral branch of pri stiograptids, classified as Pseudomonoclimacis . This
happened in Ludfordian (eL , P. latil obus, herein , p. 164). Synapomorphies based on such heterochronously
acquired traits, cannot be used as a basis for (mono)phy letic groups, as it was sugges ted by PRIBYL (1983),
who has lumped two of the above mentioned spec ies (repres enting eL and eP) into Saetograptus (Colo
nograptus). Therefore W EBB (1994) is right when he emphasizes that parallelism may not be always
resolved by cladistic techniques which are poorly suited to di stinguish homeomorphs.

Only the tracing of the real history of the lineages may solve the problem of relations among such
taxa. The approach outlined above makes use of those criteria of parallelism or iterative evolution, which
were termed "non-biotic data" (WEBB 1994). Separation of originations in time or space may serve for
recognition of parallel lines of evolution . However, in view of cosmopolitan distribution of most graptoloid
spec ies , stra tigraphic gaps play the crucial role as the criterion.

A number of descriptive terms are used by palaeontologists and stratigraphers to denote the common
occurrence of strikingly similar monograptid species at different horizons separa ted by un bridged gaps.
Thus the forms appearing in surprising ly low horizons and resembling much later spec ies are said "to
fore shadow" them (e.g. BULMAN 1970: p. VI06). These and similar phrases usually do not imply the
anc estry or affinity but merely a repetition of a similar morphology.

Such a close homeomorphy among di fferent monograptids of the Lat e Silurian (and the Early Devo
nian ) is the primary cause of the differences of opinions as to thei r affinities and ancestry. The best example
was pro vided by RICKARDS and PALM ER (1977) who suggested that early Ludlow monograptids had
Devonian affinities . They es pecia lly stressed the resembleness between some Ludlow forms from the
scanicus Zon e havin g more or less dist inct climacograptid thecae (or "geniculum") and sometimes also
thecal hoods (e.g. "M." dal ejensis = "M." haupti and also "M." micropoma ) and such Devonian
monograptids as M. ramstalens is JAEGER . RICKARDS and PALM ER (ibidem) advanced a view that either (l)
some late monograptids from the hercyn icus gro up in the Early Devonian "have their origin quite low in
the Ludlow" or (2) monograptids of the "Devonian aspects" developed several times from their pri stio
gratid ancestors. In the latter case , some lower Ludlow monograptids represent a very early and rare
attainment of tho se features "which were to become commonplace in the Devonian" ,

JAEGER (1978) denied the Ludlow ancestry of the De vonian monograptids. Acc ording to him, both the
incipient apertural hoods in haupti observed in the senile growth stages of its rhabdosome and the apertural
lobes present in micropoma are morphologically different from the standard uncinatus-like aperturallobes
in the hercynicus group. They are also astogenetica lly delayed, being formed secondarily on the mesial
edge of the thecae , wheras the ho ods of the hercyni cus group like tho se of allllncinatus-like monograptids,
are completed before the gro wth of the next theca begins. It should be noted, however, that JAEGER ( 1978)
missed the point that the Ludlow species, es pecially micropoma, have their hoods or flanges made of
microfusellar tis sue (URBANEK 1958, 1976), whilst the uncinatus-like monograptids have lobes composed
of standard fusellar tissue. Moreover, JAEGER insisted that micropoma had not evolved from Wenlock
Mon oclimacis, a view invalidated by the discovery of Mon oclimacis praemicropoma in the lundgreni Zone
(TELLER 1988), from which true micropoma of the scanicus Zone can be easily derived assuming the
Lazarus effect (URBANEK 1993). Thus microp oma can be assign ed to Mon oclimacis and can be thought
of as a Wenlock relic among a Ludlow fauna. Th e erection of a separa te genus, Heisograptus (TSEGELNJ UK
1976 ) seems superfluous, and obscures real affinities with the earlier tax a. JAEGER'S (1978: p. 306 ) main
conclus ion that the Late Silurian-Earl y Devonian lineages did not evolve di rectly from the ea rly Ludlow
species is, however, by all means correct. There were certain unit characters responsible for a close
resemblance in the general habitus between the given forms which cert ainly did evolve many tim es during
the Late Silurian-Earl y De vonian tim e, a phenomenon of great signifcance for the evolution and phyloge
ny of late graptoloid faunas .

Another interesting case of such phenomena is "M." petri described by KOREN' (in print) from beds
immediately below the FA of Neocolonograptus parultimus in Kursala Formation (Tien Shan, Kirghizia) .
Its short rhabdosome is made of thecae displ aying a uniform , well developed paired apertural lobes. In
the degre e of expression of thi s trait, "M." petri rather closely resembles N. ultimus (PERNER), and
therefore is too adv anced to be consid ered an ancestral species, either to parultimus-ultimus-lochk ovensis
lineage (Neocolonograptus gen. n.) or to tran sgrediens lineage (ls trograptus TSEG ELNJUK). Nevertheless
all the se forms (Fig . 8), are products of a similar trend towards development of bilobate apertural
apparatus , operating in about the same time but with a different rate and leading to a differential evol-
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Fig. 8
Morph ological change in proximal thecae of Pridol i bilobate pristiograptids, represen ting Neocolonog raptus gen. n. (B-D)
and Istrograptu s T SEGELNJUK (E) : A, Pristiograptus dubius cf. freq uens, a presumable common ancestor ; B, Neocolono
graptus pa rultitnus; C, Neocolonograptus 11 ltimus; D, Neocolonograptus lochkovensis branikensis; E, Istrograpt us trans
gredi ens rarus. Note the different direct ions in grow th of ape rtural undulations and lobes (arrowed) in each lineage. Not to

scale.

ution ary success. Thu s "M. " petri may be cons idered represent ative of a short-living lineage, displ aying
a tachytelic rate of evo lutionary changes (as defined by SIMPSON 1944), or eve n being a result of "quantum
speciation" . Mutations involved in this process instantly exhibit a high express ivity and penetrance,
although thi s rapid inno vation failed to produ ce a lastin g success. Much more successful were attempts
by the transgrediens lineage to develop at a very slow rate, essentia lly the same trait (bilobate apertural
processes). The course of events in this lineage is analy tically describ ed by TELLER (this volume, p. 74).
It deserves to be classified as a bratyletic line (SIM PSON 1944). The parllltimlls-lIltimlls-branikensis-loch
kovensis lineage represent ed an interm ediate, "average" rate of evo lutionary change in essentia lly the same
direction. As such, it may fit the horotelic rate of morphological change , as defined by SIMPSON (1944) .
The deta ils of the processes invol ved are shown on Fig. 8. A differenti al rate of morphological change
was probabl y a common feature of evolution in parallel lines.

The case of "M." petri resembl es another instance of a precocious form , namely "M." insperatu s,
described from late Hom erian (KOREN' 1991; KOREN' and URBANEK 1994). It anticipates adva nced
Colonograptu s from much younger beds tnilssoni/cotonu s Zone) and represent s a short living , crypto
genetic spec ies which left no known descendants. Such species were observed eve n earlier and charac
terized usually as taxa "before its time" . They obviously represent a distinct analytical category related
to the operation of a certain trend with different rate and intensity. They co mmonly characterize short,
side lines of evolution, "a less successful attempt to achieve the same thing" (RIC KARDS et al. 1977: p. 61).

Repetitive evolution in gra pto loids, producing an effect of heterochronous hom eomorphy, may also
be considered a good illu stration of the continge nt nature of evolutionary change . Whil e the ove rall
morphology seems to be defined by largely deterministic factors (mo rpholog ica l constraints, repetition
of environmental situations) , minute details seem to be continge nt. In thi s sense repetitive evolution
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resembles historical experiments, the "re-runs" according to GOULD (1989) that each time produce similar
but not identical results (e.g. the position of spines in lobate-spinose monograptids of the Wenlock and
the Pfidoli). 1£ 1 understand his intentions correctly, GOULD was inclined to emphasize the differences
in the outcome in order to expose the role of chance in evolution . On the contrary, the history of
graptolites highlights, in my opinion, a greater role of deterministic factors. The other aspect of the
Pfidolian case is in providing certain arguments against the now widely propagated cladistic attitude
toward stem species and stem lineages. The doctrine demands that stem species after its speciation event
should be considered a new species and correspondingly be renamed. The dubius and uncinatus lineage
demonstrate the preservation of essentially the same evolutionary potential in spite of flow of time and
speciation events which occurred in the meantime. A specific evolutionary potential is certainly an
important criterion in the definition of an evolutionary species (SIMPSON 1961). This is one of the reasons,
why we prefer herein a non-cladistic approach to the taxonomy of the stem species (compare KOREN'
and URBANEK 1994 ; URBANEK 1996).

EARLY DEVELOPMENT AND ITS ABNORMALITIES

Preservation of the monograptid pattern. - The early development of Late Silurian monograptids
follows the orthodox monograptid type , defined by a nonresorption porus (primary notch) and upward
growth of the initial bud . Preservation of this pattern is demonstrated e.g. by the developmental stages
studied in details in such late Ludfordian species as M. (F.)formosus, M. (u.) acer, and Pseudomonocli
macis latilobus or in such early Pfidoli species as Neocolonograptus parultimus and N. lochkovensis (see
the description of the sicula and its growth stages in the above-mentioned species herein, and also JAEGER,
1986). This remarkable stability of the early development of various monograptid genera and lineages in
their late phase of evolution presents an interesting phenomenon and may probably serve as an instance
of a morphogenetic constraint. It seems that in the production of the first blastozooid in the colony, the
timing of its budding and the behaviour of both the parental siculozooid and the initial bud were rigidly
controlled by the genome and followed a strictly defined succession of events (formation of the sinus, the
primary notch , then the lacuna stages of EISENACK 1942, and finally an upward growth of the initial bud) .
The course of the development was evidently centered on the realization of the norm, and any deviations
in the morphogeny were consistently eliminated. Innovations were tolerated only if they did not interfere
with the formation of the primary stipe, according to the fundamental monograptid pattern (as for instance
sicular cladia invented by linograptids, see URBAN EK in this volume). This conservation of the norm, so
deeply rooted in the organization of the monograptid colonies, was most probably the source of their
future weakness. One could ascribe the lack of evolutionary plasticity demostrated by the Early Devonian
monograptids to this rigid morphogenetic control of the early development.

Nevertheless, Late Silurian monograptids provide new evidence that within certain limits, the sicula
and its development were subject to directional changes and even certain restructuring.

Late Silurian restructuring of the sicula. - One novel feature of the early development in late
Ludfordian and early Pfidoli monograptids is the reduction in the number of sicular annuli ("black" rings)
and a small amount of observed variation in their number and position. In the majority of otherwise
unrelated species within the above time-span, either two or three rings were observed: the first (r.) situated
at the aperture of the prosicula, and the second (r2) placed somewhere at 1/3 of the length of the metasicula.
The third ring (r3)' when present, is placed at the primary notch.

Such a stable number and position are observed in both phylogenetic elements of Late Silurian
graptoloids, namely in the dubius-derived taxa (dub ius Group) as well as in the non-dubius taxa (uncinatus
derived Group as well as truly cryptogenetic taxa, Fig. 9) . The common ancestor of the dubius Group is
Pristiograptus dubius (SUESS), whose early development is known mainly from the studies on abundant
populations from Baltic erratic boulders (scanicus Zone, Gorstian). According to WALKER (1953) and
URBANEK (1953, 1958), the number of rings is commonly 5-7, although both a smaller (3--4) and a greater
(up to 9) number were observed within a single sample (Fig. 9A-C). The last ring is usually associated
with the primary notch (the bud ring) . Therefore the changes within the dubius Group were expressed in
the strong reduction in the number of the true rings (to 2), the bud ring being preserved, however, as
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Fig. 9
Variation in the number of sicular rings as observed among late Silurian monograptids: A-C, multiannul ar condition as
observed among Gorstian pristiograptids; D, E, pauciannul ar condition as seen in Ludfordian M . (U) acer acer (TS EGEL

NJUK), F shows the co incidence between r2 posit ion and the origi n of virgella (vi) in Pridolian N. lochkovensis lochkovensis
(PRIBYL) . Note the variable relation of metasicular rings to the origin of virgella as shown in A- C. A-C from W AL KER 1953,

remaining orig inal.

a suppleme ntary (r3) one. The ear lies t forms of P. dubius with a fixed number of three sicu lar rings were
observed in the Mielnik wellcore at a depth of 786 .50 m within the acer Zone (Fig. 43). These specime ns
represent the second invasion of the impoveri shed dub ius faun a as defined above (p. 97). Hence, it is
probable that the "pauciannular" dubius morph made its fir st appea rance still earlier, soon after the
kozlowskii Event, but sufficient evidence is not available yet. The three-ringed condition was lat er
pre served within the lineages derived from the P. dubius stem lineage. This holds for lstrograptus
TSEGELNJUK (transg rediens Group) as well as for Neo lobog raptus (parultimus-lochkovensis lineage ).
Such conditions ca n also be encountered in the late Ludfordian Pseudomonoclimacis latil obu s (PORE;BS KA
1984 ; JAEGER 1986 ; and data her ein p. 161).
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A possible co mmon ances tor for some represent atives of the non-dubius Group may be seen in
Monograptus uncinatus of Gorsti an age, but the Ludfordi an and Pfidoli uncinatus-like monograptids
reapp eared as a result of the Lazaru s effec t, their immedi ate ances try rem aining somewha t enig matic.
Taking M. uncinatu s as a plausibl e model of an ances tor, we ob serve a certain redu ction in the number
of annuli (fro m 4 in the ances tor to 2 in late Lud fordi an and Pfid oli hooded monograpt ids, Fig. 9D-F).
Th is is co mbined, however, with a co mplete elimination of the bud ring, which in M. uncinatus was
espec ially stro ngly developed (URBAN EK 195 8: p. 48).

Although the initial co nditions and the sty le of the redu ction in the number of sicular rings was di fferent
in eac h of the major phylet ic groups of Late Silur ian monograptids, the ove rwhelming trend was uni form
and well-defined. Thi s becomes particul arly co nspicuous when comparin g ear ly and late Ludford ian
representatives of the dubius phylet ic Group. The ear ly Ludfordian monogr aptids resemble those of the
Gorstian in the great number of rings and the amount of observed variation (URBANEK 1970). It see ms
therefore that, at least statistica lly, Late Silurian monograpt id faunas displ ay a distin ct shift towards
a reduction in the numb er of sicular rings. Th is trend was operative both in the dubius- and uncinatus
phylet ic Group s and set at the beginning of the late Lud fordian . Monograptus (F.) !or1ll0S11S, a crypto
ge netic taxon , clearly unrel ated to M. uncinatus, also reg ularly displ ays only two rings (Figs 19, 20; PI.
4: 1-5 ). The same is true for M. (Dulebograp tus) trimorphus, another species of an uncert ain ancestry,
displ aying, nevertheless, two rings in the sicuia (Fig. 42A, B). Th e two-ring pattern in hooded monograp
tids cannot, however, be cla imed to be uni versal in late gra pto loid faunas . Th is clearly fo llows fro m
POR~B SKA ' S (198 4) work on Early Devonian monograpt ids. Her precise studies on a well- preserved,
flattened mater ial , lead to the recogniti on that the character istic number of rings was co mmonly three (e .g.
in the praehercynicus-hercynicus lineage), with very littl e variation. It may be co ncluded, therefore, that
the essentia l fea ture of the late monograptid faunas is the restr iction of var iation rather than any particul ar
co unt of sicular rings . Nevertheless, the sic ula with two or three rings present s the most co mmon
deve lopme nta l plan for the latest Silurian and ea rlies t Devonian hooded monograptids.

Another remarkable fea ture, already obse rved by JAEGER (198 6: p. 3 19) in Pfidoli monograpt ids, is
the invariable or igi n of the virge lla at the level of the second ring (r2)' In Gorstian mononograptids, the
virge lla appears much earlier (closer to the prosicul a) and its forma tion is not obviously related to one of
the rings (Fig. 9B, C herein; WALKER 1953; URBANEK 1953). In late Ludfordian monograptids such as M.
(F.) [o rmosus (PI. 4: 1, 2, r2' vi and Fig. 20 B2) or M. (u.) acer (Fig. 26B) as well as in the Pfid oli N.
lochkovensis (Fig. 49A), the virgella appears by a modi fication of the ventra l zig-zag suture ju st at the
level of r2' eve n when one more ring is present (r3)' Th is stable re latio n between the origin of the virge lla
and the position of r2' is a novel feat ure which appea red for the first tim e in the late Ludfordian faun a.
The early Lud fordian monograptids sti ll do not reveal any clear relation between these two traits of the
sicula (URBANEK 1970).

Thus the developm ental plan of the sicula in latest Si lurian monograpt ids is defined by a redu ction in
the amount of var iatio n and in the number of sicular rings as well as by the es tablishment of a steady
morp hogenetic relat ion between the origin of the virge lla and one of the rings (r2)'

One migh t hypoth etize that a new tre nd, expressed in the reduction of the number of annuli and in
setting a steady relatio n bet ween one of them (r2) and the formation of virge lla, star ted to operate in the
late Ludfordian and co ntinued throu ghout the rest of the Siluri an. The observed change has probabl y the
natur e of an anage netic trend resulting in a structural gra de (as defi ned by HUXLEY 1958, and applied to
the grapto lite evo lution by BULMAN 1963), that represents a certa in structura l level attai ned independe nt ly
by coeval but phylogenetically unrelated lineages. JAEGER ( 1986) poi nted to this re lationship as an example
of "programme" evo lution, advanced by BULMAN(1933). It certainly co mbines aspects of both these ideas,
each pertai ning to a number of causa l factors which poten tially co uld be taken into account. It is certainly
probable that for some reasons the "pauciannullar" versio n of the sicula was more efficie nt in the late
Si lurian pelagic environment than the " multiannullar" one. In my opinion , the advantage of the for mer
vers ion may be seen not so much in some specific function of sicu lar rings per se , but more reasonabl y,
in the morphogenetic mechanisms responsible for the reduct ion of variation and fixa tion of the ring
numb er. These mechanisms may be best described in ter ms of an increased mor phogenetic co ntro l of the
developm ent and produ ction of the norm with a greater acc uracy. Why such change s in the morphogenesis
were ada ptive , remains rather obsc ure . One of the reason migh t be increasing instabil ity of the environ
mental change, and the need for a grea ter independ ence fro m the external influences in the co urse of
astoge ny. Moreover, one ca n posit that such rig id co ntro l of the norm was one of the factors responsibl e
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later for the evi dent loss of evolutionary plasticity exhibited
in the dull morphological uniformity of the Lower Devonian
monograpt ids.

Abnormalities of the development. - Almost eve ry
large sample of isolated graptolites co ntains besides normal
rhabdosom es, different form s of abnormality or malformation.

Som e of these abnormalities are distinctl y related to in
juries due to various acc idents which affec ted developing co l
onies, usually in their ju venil e stages. The resulting deviant
phenot ypes were classified as regenerati ve morphoses (URBA

NEK 1963), as they present obvious instances of repair (or
regulation) of serious injuries . The study of the effects of
inj ury and regeneration in gra ptoloid co lonies proved to be of
great importance for a better understanding of morphogenesis
(breaking of the co lony and subsequent regeneration was used
by U RBANEK 1963, and U RBANEK and U CHMANSKI 1990 as a
natural experiment) or the life cycle of the colony (the signi
ficance of frag mentation in the gra ptoloid life cycle, U RBANEK

I990a).
The new material analyzed herein mainly reveals mjunes

resultin g in minor disturbances of the normal development of
the colony. Nevertheless, even such cases provide information
that the environmental conditions were relaxed enough to allow
the existence of injured colonies and that repair of damages was
an important element in the survival strategy in graptoloid col
onies. Some of the observed malformations may be ascribed,
however, to spontaneous disturbances of astogeny.

The specimen in Fig. 10 represents one of the most inter
esting teratologies ever found in monograptids. It illustra tes
an obvio usly spontaneous change from the monoserial condi
tio n into a biserial one and next the return to a monoserial
pattern of growth. By its thecal characters, teratum may be
assigned to Monograptus (5.) balticus, a species co mmon in
the sample discussed (depth 8 19.40 m, latilobuslbalticus
Zo ne). The initial port ion co mposed of three thecae has a
normal monograptid appearance . However, the fou rth theca
widens at its aper ture to produce besides its normal successor
(the), an additional theca (th, ) placed somewhat laterally. Th e
latter initiates a parallel series made of three thecae (th.,'-th7' )

adnate to the primary stipe and fused along the dorsal surface.
The additional thecal series was, probably, devoid of its ow n
virgula (or pseud ovirgula), since it was connected with the
lateral wall of the primary stipe by a spec ial skeletal material
(Fig. 10, t). The thecae of the additional ser ies are normally
built displaying all spec ies specific characters of the aper ture ,
but they are staggered in relation to the primary stipe. As the
additional theca 7' lost the ability to produ ce its own daughter
theca, the short biserial port ion of the rhabdosome ends ab
ruptl y, while the primary stipe co ntinues to grow by normal
monograptid budd ing. The preserved distal monoserial por
tion is made up of another three thecae.

It seems that the additional series orig inated by means of apertura l budding, co mparable to the
cyrtograptid pattern of cladial genera tion rather than to the for mation of a true dicalycal theca as observed
in the early developm ent of dipl ograptids. In spite of thi s difference, the biserial portion of the rhabd osome
is remarkably "diplograptid" in appearance. Such teratological morphoses could potenti ally be a source

Fig. 10

Abnormality in the co urse of as toge ny in M . (5 .)
balticus T ELLER, in vol vin g a c ha ng e from
mo no serial (th \-th4) to a biserial (ths-th7) ar
rangement of th ecae , an d again a re tu rn to
monoser ial co ndi tio n (thg), Th ick wavy line and
arrow ind icate place w here specimen wa s
bro ken du rin g the attempts to make a SEM.
Further exp lana tion s in te xt. M ielni k , depth

8 19.40 m, latilobus/balticus Zone.
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Fig. 11
Abnormal proxim al end development in Neoco lonograptus lochkovensis (PRIBYL) due to injury of growing th ., seen in
reverse (A) and obverse (B) view. Note the disconformity in fuse llar systems of the primary (th , prim) and rege nerative (th ]

reg) part of the first theca. Further explanati ons in text and Fig. 12. Mielnik, depth 659 .50 m, lochkovensis Zone.

of taxonomic misidentifications, especially if a disturbance will appear in the proximal end of the colony
and a parallel series continues over a longer distance. Thi s may offer an alternative explanation to the
remarkable finding of a sole specimen identified as Climacograptus sp. in the hercynicus Zone of the
Carnic Alp s reported by JAEGER ( 1978: p. 509 ), but illustrated only recently by FUJGEL et al. ( 1993: p. 14).
KIRK (1978: pp. 539-540) suggested that the extreme scarcity of this late Climacograptus must have been
due to severe competition offered by uniserial, adaptiv ely more effic ient form s. However , in view of the
uniqueness of this form (a single spec imen!) and an unu sually late occurrence for a diplograptid (Early
Devonian), an assumption of its teratological or atavi stic natur e cannot be excluded a priori . JAEGER
(1978) was convinced that the specimen in question represented a late surv ivor of the diplograptid stem,
a relic bein g a sort of "a fossil living fossil".

The biserial portion of the rhabdosome in M. (5.) balticus probably appeared as a result of a localized
and non-genetic change in the tissues of a zooid. This is evidenced by its spurious effect. One could imagine,
however, lasting consequences of such a morphogenetic chan ge leading to the preservation of the biserial
growth pattern within a given rhabdo some (monoserial-biserial mosaic pattern ). Still it is unlikely that such
changes could be transmitted to the next generation because of their obvious somatic nature.

The specimen which might be ass ignable to Neoeolonograptu s lochkovensis (Fig. 11 ), represen ts an
injury to the growing th. res ulting in an excessive stimulation of budding, and leading to an abnormal
proximal end development. Despit e the ex tent of the disturbance, the monograptid pattern of develop
ment and the direction of growth were preserved. The bleached spec imen seen in both aspects on Fig.
IIA, B, may be interpreted alon g the lines suggested by the dia gram in Fig. I lA-C. Th e chimney-like
th I is composed of the remnant s of the primary th. (th ,prim, im) as well as of a newl y formed,
regen erative portion (th . reg). Th ere is a distin ct discordance of fusell ar sys tems on both sides of th, (de).
Besides its terminal aperture (ass igned to the regenerated zooid of th I) and the prothecal opening for the
next theca (th2) , th. is also pro vided with a supernumerary opening situated on the distal wall of the
thec al tube (thJ , s). Moreo ver, there is an additional opening situated on the obv erse side of the meta-
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Fig. 12
Ideogram show ing the possible interpre tation of proximal end abnormality illustra ted on Fig . 11: A, diagram of observed
situatio n emp hasizing the discordance between the presum ably primary (th .pri m) and rege nera tive (th .reg) portion of the
first theca, the presence of supernumerary openings (thjs, th4s) in addit ion to normal proth ecal ope ning (th j) and thecal
aperture (th I) ; B, possible interpre tation of the injury (wavy line) resulting in fracturi ng (F) of the prim ary th 1; C, reco n
struc tion of the regeneration process invo lving the production of fou r zooida l buds (th .reg , th j s , th2 as we ll as th4s). Th e
latte r bud was growing inside the sicula (sic) and giving its way out through the perforation (resorptio n?) of its wa ll (pa) .

Remn ants of the primary portion of th l are visible as a scar (s).

sicula, close to its ape rture, and formed by perforat ion or rather resorbtion as indi cated by its smooth
edge s (pa in Fig. 11B).

The diagram (Fig. 12B , C) illu strates the attempts to restore the possibl e co urse of event s . Th e grow ing
first theca was inju red and its upp er portion fractured (Fig. 12B , F). The frag me nted zoo id that was left
in the preserv ed port ion of th I was stimulated to intense regeneration (Fig. 12C) and produced a regener
ated zooid within th I reg, the normal bud for the success ive th2 and also two supern umerary bud s - on e
growing up (th3, s) and one making its way out through perforation (th4, s) . The prosicul ar apex is also
broken off, but it is difficult to judge whether thi s injury occ urre d du ring the lifetime or post mort em.

The timing of the breakin g off of the prosicul ar apex as see n in Monograptus (U) sp ine us (Fig. 13d),
is clear - it occurred during life and before the formation of th2. The damage also inv olved the incipient
portion of the primary nema, later replaced by an asymmetri c regenerat ive one. The formation of an
abnormal rege nerative nema has been described in many gra ptoloids (EIS ENACK 1941; URBANEK 195 3,
1958; and summarized in BULMAN 1970), and as such monstrositi es occur fairly frequentl y in fossi l
assemblages . In thi s case, the asy mme try in the position of the regenerative nem a might have cause d the
"humped" apppearance of the rhabd osom e, but otherw ise probabl y did not adversely affect the fitness of
the colony. The repair of thi s particul ar struc tura l deficiency see ms to be rapid and effec tive , whi ch shows
that the graptoloid co lonies were evi de ntly co nditioned to frequ ent damage of thi s vital part of the colon y.

The presence of trumpet-like siculae in Neocolonograptus lochkovensis (Fig. 51 B), might be inter
preted either as a mon strosity or an ex treme expression of variation (dev iatio n) . It may represent a purely
phenotypic or ge netica lly co nditio ned variatio n. However, the morphological effects are nontrivial, as the
siculae in question resemble the hercyni cus sicular type charac teristic for the majority of Devonian
monograptids. Wh at is abnormal in the ea rly Pfidoli an becomes a norm for a large group of later
monograpt ids. It is worth mentioning that siculae of the hercynicus-type were recogni zed within the
popul ations of Pfidoli an Neo co lonog rapt us ultimus (JAEGER 1986) and in some represent ati ves of Lud
fordi an Bohemog raptu s (URBANEK 1970) - in both cases as deviant s without phylo genetic consequenc es.
Moreover, Colonograptu s'l deubeli of the late Hom erian reveals this type of sicula as a species-spec ific
but phylogenetically precociou s feature (JAEGER 1959, 1991).
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10.1 mm

Fig. 13
Monograptu s (Uncinatograptus) spineus TSEGELNJUK.
Proximal fragment of the rhabdoso me showing an abnor
mal growth due to the damage (d) and subsequent re
generation of the apex of the prosicula, result ing in a
"humpback" rhabdosome . Mieln ik, depth 760.15 m, the

spineus Zone, x 80.

Recent progress in the knowledge of the evolution and affinities of the Late Silurian monograptids
speaks in favour of the view that the bulk of the post-lllndgreni monograptids are de scendant s of a single
species - Pristiograptus dubius (RICKARDS et al. 1977; but es pec ia lly KOREN' 1992; KOREN' and URBANEK
1994; URBANEK 1994). They co ns titute a (1) dllbills-related phyletic gro up whi ch , being monophyletic, is
exceptionally di versified morphologically and taxonomicall y. Thi s group is composed of such genera as:
Pristiograptus, Colonograptus, Sa etograptus, Neocolon ograptus gen. n., Ist rograptus, Lob ograptus, Cu
cullog raptus, Boh emograptus, Neo lobog ra ptus, Neocucullog raptus , Polonograptus, Neo dive rsograptus,
Linograptus, Abiesgraptus, and probabl y also Pseudomonoclimacis. In the late Wenlock, the entire stock
was represented, in addition to P. dub ius, by only two evolutionary lines showing a small degree of
divergence (" the early schism", KOREN' and URBANEK 1994). The late Ludfordian and Pfidoli repre
sentatives of this group are either de rivatives of the
so-called A-line (Linog raptus), or immediate products
of the iterative splitting from the dubius- sieta lineage
tNeocolonograptus gen . n. , lstrograptus, and prob
ably also Pseudomonoclima cis) (Fig. 6).

While the significance of the A-lin e deri vati ves
markedly decreases in the upp ermost Silurian, be
cause of earlier massive extin ctions caused by the
leitwardinensis and kozlowskii Events, the dubius
phyletic group is represented chiefly by descendant s
of the ste m line age . Thi s latter , as in the Homeri an, is
agai n phylogenetically ac tive . This is a rem ark abl e
shift in the ph yletic co mpos itio n of the late Silurian
monograptid fauna. The hey-days of the A-line, so
characteri stic of the Gorst ian and ea rly Ludfordian ,
are ove r.

The second major phyletic eleme nt is made up of
taxa that might reasonably be deri ved from Mono
graptus uncinatus T ULLBERG, 1883, a Lazarus taxon
(URBANEK 1993) that appeared in the nil ssoni Zone
and strongly resembles non-specialized Wenlock
hooked monograptids. Th e (2) llncinatlls-related
phyletic group includes the following genera or sub
genera: Monograptus (Un cinatograptus) and Mono 
gra ptus (Slov inog raptus) subge n. n. The lobato-spi
nose Mono graptus of the Ludfordian may, in spite of
its unique morphology, also be placed within the for
mer subgenus (URBANE K 1995 and p. 109 herein). It
is rath er uncertain whether all Lat e Silurian mono
graptids , technically ass igned to the morphologic al
group with llncinatlls-like apertura l lobes and ca lled
also so metimes "hoo ded" monograpt ids, are related to
M. uncinatu s. The group may co mprise also elem ents
of a di ffer ent ancestry. I believe that most Ludford ian
and Pfidoli monograptids [prob abl y including also M.
(Dulebograptus t Yi have uncinatus aff inities . Al so
some fracti on of Devoni an hooded monograptids has
uncinatus affinities but probabl y not all of them. It is
true that all Devonian monograptids have thecae of the
uncinatu s-tvpe, but they display grea t differences in
the penetrance of thi s trait. The minimum is one
hooded theca in a rhabdosome (M. aequabilis, M. ato-
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pus ), the maximum reveals a complete penetrance. Those form s that have only one full y developed hood
may, at least theoretically, be sus pected of a novel ori gin of their the cal shape from a simple, non-hooded
ancestor. JAEGER ( 1978) suggested such an ances try for his M. ram stalensis and POR E;BSKA ( 1984) provided
evidence for the pri stiograptid ance str y of M. aequabilis. In any case , a considerable penetrance variation
is a new feature in the latest hooded monograptids, not shared by earlier representatives of thi s thecal
type, which as a rule display a complete penetrance (M. uncinatus, M. acet; M. balticus, M. hamulosusy.
Therefore, Devonian hooded monograptids pre sent a more heterogeneous assemblage. Although on the
whole I do not share the sugges tions (RICKARDS et al. 1977: pp. 61-62) that Late Silurian hooded
monograptids evolved secondarily from pristiograptid ances tors and con sequently Mon ograptus s.s. is
pol yphyletic , a con vergence tow ard llncinatlls-like type s among some Devonian lineages cannot be
excluded . Such a view is, however, untenable for earlier faunas. The incompletness of the record around
the ludensis Zone and the reappearance in the nilssoni Zon e may be explained, in view of the obvious
Wenlock affinities of M. (U). uncinatus, by the Lazarus effect (URBANEK, 1993). The same explanation
is probably true in respect of the second gap, betw een the nil ssoni and the leitwardinensis Zone (see
p. 105, herein) . That is why I consider the bulk of the Late Silurian hooded monograptids related in one
way or another to uncinatus. Thi s seems also true in respect of M. (Dulebograptus} , which, although
characterized by unique notched apertural lobes, reveals nevertheless an uncinatus-like th I' thu s displaying
an astogenetic recapitulatory effect pointing to its ances try. TSEGELNJUK (1978) also related his Dulebo
graptus to uncinatograptids. An alien element, which technically may be defined as Monograptus s.l. (see
below), is reall y pre sent , but these forms cannot be deri ved from the pri stiograptid stoc k either.

The third analytical category, the (3) non-lln cinatll s Group, can hardly be defined as a phyletic unit , being
a highl y heterogenous assemblage, composed of cryptogenetic elements with an uncertain affinity. Some, as
Monograptus (Formosograp tus) repre sent a roughly "hooded" type of morphology, due to the presence of
some sort of a single apertural lobe. Thi s feature, however, combined with such trait s of specialization, makes
their deri vation from the uncinatus-suun unten able . Otherwi se they are clearly unrelated.

Still more enigmatic are such taxa as "Monograptus " lebanensis TELLER, 1966 , "Monograptus "
willowe ns is (BERRY et MURPHY, 1975) or "Monograptus" supinus KOREN', 1983 , which occupy entirely
isolated positions against the background of the remaining Upper Silurian monograptid fauna . Their
morpholo gy is inadequately known, whil e their similarity to some earlier taxa is clearly deceptive.

Neverth eless, one can speak about a relati vely very high degree of phylogenetic uniformity in the
Ludlow and post-Ludlow monograptid faunas. Due to a severe bottle-neck effect cau sed by the lundgreni
Extinction Event, the se faunas are dominantly composed of descendants of a single surviving species ,
contaminated by the products of another survivor which re-appeared from some refu ge , plu s by a ver y
small fraction of the species with an enigmatic ancestry . In order to describe thi s situation I propose to
introduce a new term : oligophyly (from Gk oligos few, scanty and phylon tribe, race) having in mind
a recovery based on scanty ancestry, which cau ses an unu sually clo se affinity within descendant groups.
Such a close relatedness is in turn responsible for frequent morphological repetitions of evolutionary
themes expressed as abundant parallelism, homoplasy and in ge neral - homeomorphy, so characteristic
a feature of the Late Silurian monograptid fauna (see also p. Ill ).

REMARKS ON THE GENERIC CLASSIFICATION
OF MONOGRAPTIDS

Whil e representing the same structural grade and a rem ark ably stable type of the proximal end
de velopment (co mpare p. 117 herein ), monograptids reveal a grea t diversit y in thecal morphology and
rhabd osomal shape. Becau se of their essential struc tura l stability, it is tempting to use only a single generic
name, Monograptus GEI NITZ, 1852 , for the bulk of the represent ati ves of the famil y. On the other hand,
the diversification in the thec al morphology and, to a lesser ex tent, the overall shape of the colony, provide
a basi s for the subdivision of Mon ograptus. Every palaeontologist dealing with mon ograptids has been
tempted either to give a separate name to each morphologic al group or to preserve the broadly understood
genu s Monograptus GEI NITZ, 1852, as a portmanteau name. The recent generation is no exception in thi s
respect. While JAEGER (1986) needed only two generic names (Mo nog raptus and Linograptusi in order
to describe the diversity of the entire Pfidoli graptoloid fauna in the type Barrandian , TSEGELNJ UK (1975,
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1988) suggested its subdivis ion into some 8 genera. His classification of the Upper Silurian (Gorstian
Pfidoli) graptoloid faun a in the SE part of the EEP, introduces as man y as 21 generic names. Although
more and more generic names are proposed for particular groups of Monograptus s.l., and the need for
a soundly based subdivision of that genus seems irre sistible, the current practice is by no means satisfac
tory. The subdivision is too frequently based on species with an imperfectly known thecal structure or on
erroneously derived phylogenetic relations. This situation was rightly criticized by BULM ANand RICKARDS
(1970), proponents of a conservattive attitude to the problem in que stion. They have warned taxonomists
again st any attempts at a premature subdivision of Monograptus s.l. BULMAN was convinced that the
erection of new genera should be accompanied by some addition to our knowledge on the structure and
phylogeny of a given group of monograptids and in each case the morphology of the type species should
be perfectly understood before a taxonomic decision is made. His conservative stance was by no means
dogmatic - BULMAN gradually (1955, 1970) accepted more and more genera as convincingly designated
(Ra strites, Monoclimacis, Pri stiograptus, Saetograptus, Lobograptus, and Cucullograptus ), but he still
considered most of the newl y suggested genera ill-defined or of a dubious value.

BULM AN con vincingly exposed the dangers stemming from the premature erection of new genera.
Splitting of the genus into too numerous new genera could only be the source of confusion for stratigra
phers, especially when new genera are ill-defined or based on misunderstood phylogeni es.

However, the conserva tive atttitude toward the subdivision of Mon ograptus, has its own negative conse
quence s - it masks the real diversity of a given fauna . The use of a sole generic name would result e.g. in
an apparent uniformity of the graptolite faunas of Wenlock , Ludlow or Pfidoli age, when traced above the
species level. In order to describe the taxonomic effect of faun al changes one is compelled to recognize
instead of the genera a number of more or less natural species groups. Thi s practice could scarcely be regarded
as more parsimonious than the standard procedure of giving generic names to such groups.

Although the crucial significance of thecal characters for the generic subdivision of monograptid s can
hardly be doubted, simple thecal characters such as genicular bending or paired lateral elevations, do not
provide per se a reliable basis for a generic classification. Theca-based monograptid genera may include
forms of independent origin , which at different time acquired a given morphological trait that became decisive
for their ass ignement to a particular "form genus" . BULMAN (1970 : pp. 103, 107) provided convincing
evidence for such a process within Diplograptus s.l. He called it "transition". In my opinion, a more precise
term would be "generic transition" . Generic transition s are meant as gradations from one genus defined by
certain thecal characters to another determined by the acquisition of a new (usually simple and frequently
"silhouette") trait. Such generic transitions may occur repeatedly and in both directions, as the newly acquired
character may be later oblit erated or lost. Among Late Silurian monograptids, Pseudomonoclimacis seems
to represent such a unit, being composed of species which evo lved in different times but share a common
thecal character, namely a more or less conspicuous genicular bendin g and the presence of a ventral
excavation in the thecae. In the case of Pseudom onoclimacis which belongs to the dub ius phyletic group
(defined above, p. 123), they probably also share a common ances tor, which was Pristiograptus dubius s.l.,
a conservat ive, long-l asting stem species. In this sense they are monophyletic . However, the species repre
senting Pseudomonoc limac is were relatively shortlived offshoots that appeared at different time or at least
came from geographically different popul ations of the ancestral species. In this respect, this genus is a bundl e
of lineages, composed of homeomorphic taxa. Nevertheless it is accepted herein as a compromise between
the phylogenetic and the morphological cr iteria in generic classification.

Generic transitions can also be reversibl e as the result of the reduction of a novel charac ter as illustrated
by the fate of thecal genicular bending within the N. parultimus-N. lochkovensis lineage. Present in early
memb ers (N. parultimus-N. ultimusi , this trait was later lost (N. lochkovensis). Henc e, we observe the
following morphological changes : presum ably straig ht tubular thecae (in ancestral P. dubius ) --7 thecae
with ventral excavation (N. parultimus, N. ultimus) --7 straight tubular thecae (N. lochkovensis ). However,
paired apertural lobe s which developed in the meantime within the terminal members of the lineage are
not subject to redu ction.

One ca n conclude that studies on Late Silurian monograptids point to the significance of con siderin g
their evo lution in terms of homeomorphy (see p. 111 herein) and generic transition . Both pro ve to be
descriptive-analytic al categories with important implications for the understanding of repe ated patterns in
both numerous lineages and subsequent radiation s from surviving spec ies . The classification of the groups
in question should also reflect the imp ortance of the repetitive patterns.
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A REVISED CLASSIFICATION OF LATE LUDFORDIAN
AND PRIDOLI MONOGRAPTIDS

Recent papers by LENZ (1990), KOREN' (1983, 1986), M IKHAJLOVA (19 75) , PRIBYL (1940, 1948 , 1983),
and TSEGELNJU K (1976) co nta in ample material conce rni ng the generic subdivisio n of Upper Silurian
Mon ograptus s.l. (Pf ido lian monograptids included). Eve n the adherents of a co nse rva tive approach,
es pecially JAEGER (1986), provide certa in guide lines for a generic subdivi sion inasmuch as they eithe r
recognize spec ies gro ups made up of closel y related species, or outline co nv inci ng phylo gen ies. Th e same
holds for the morph ological groups di scriminated by KOREN' (1983, 1986).

Th e present preliminary atte mpt to provide a subdivis ion of Mon ograptus foc uses on late Ludfordi an
and ear ly Pfid ol i spec ies with a view to elaborating a pract ical classificati on sche me applica ble, in the
firs t instance, to the taxa describ ed herein . Th erefore thi s is no more than a preliminary arrangeme nt of
the spec ies selec ted with no ambition to provide a co mpre hensive sys tema tic treatment. How ever, the
autho r is convi nce d that a gradual imp rovem ent in the generic classifica tion of the Monograptina co uld
only be achieve d by such parti al atte mpts whic h might be eventually culminated in a co mplete and
co mprehens ive sc he me. Instead of bein g based on the outline appearance of flatt end specimens, such
part ial revisions sho uld invo lve , if feasible, the study of iso lated specime ns.

TSEGELNJU K'S (1976) far-reac hing co nce pts of the subdivision of Mon ograp tus s.l. provid e a co nve nient
star ting point for a revised classification of the Pfid oli an grapto loid fauna . Fo r the tim e-bein g we will
foc us on his generic classification , postponing our co mment on his phylogenetic ideas until later.

Th e designation of Uncinatograptus TSEGELNJUK (wi th Monograptus uncin at us TULLBERG as the type
spec ies) see ms to me an acceptable idea, espec ia lly becau se thus defined , this ge nus shows a clear
distinct ion fro m the late Wenloc k representatives of Monograp tus and also becau se of the great role played
by the uncinatll s-li ke monograpt ids in the Late Silurian and Early Devon ian. I wo uld rather rank this taxon
as a subgenus of a broadl y und erstood Monograptus, that is Mo nograptus (Un cinatograp tus) (see Tabl e 1).
It dist inctly differs fro m the late Wenl ock (Ho merian) true Monog raptus (Mo nog rap tus) , rep resented by
the bi form and spinose priodo n-flemingi group [with M. (M.) priodon as the type species]. Further revision
will probabl y ex pose Wenl ock ancestor s of M . (Uncimatograptus] thu s clearing the infragen er ic taxonomy
of hooked monograptids in ge netra l. Th e erec tion of Wolynograptlls TSEGELNJUK to accommoda te grac ile
monograpt ids with an atte nuated proximal end and elongated thecae seems also justified , a ltho ugh TSE
GELNJU K (1976) designated his ge nus on badl y defined (pro bably preservat ional) cha racters with Wolyn o
gra ptus valle culosus as the type species. Such monograptids differ, however, fro m the co-eval uncinato
graptids and appear to co nti nue in the microdon gro up. I suggest re placi ng TSEGELNJ UK's ill -conceived
taxon by a new one, namely Mo nograptus (S lov inograptus} subge n. n., with Mo nograptus bal ticu s TELLER
1966 as its type spec ies . No t unli ke the previous ca se , Slovinograptus is treated as a subge nus (see Tabl e
I ) .

TSEGELNJUK'S Tamplograptus is a junior synonym of Form osog rap tus BOUCEK, MIHAJLOVIC et VESELI
NOVIC, 1976 (as estab lished by PRI BYL 1983). Its ex treme distinctiveness agains t the background of the
assoc ia ted mon ograptid fauna (see also KOREN' 1986) togeth er with a fai rly striking resemblance to the
remote trian gul ate monograpt ids of the Lower Silur ian provide ju st ificat io n for the ere ction of thi s ge nus.
Also RICKARDS ( 1989 : p. 272) is con vinced that M. fo rmosus had an inde pe ndent origin, unrelated to
uncinatus. However, in its thecal character, Formosograptus is closel y re lated to hooked or lobate
monograpt ids, and regarding it as a subgenus in Mo nogra ptus see ms preferable (see Tabl e I).

TSEGELNJUK'S gen us Acanthograptus is an invalid name, a junior homon ym of Acan thograptus
SPENCER, 1878, a we ll-k now n dend roid grapto lite (cf. also PRI BYL 1983: p. 150). This name was repl aced
by a valid name Bugograptus (TSEGELNJUK, 1988). Th e main reason fo r the erection of this genus was
the need to accommodate the species (li ke "A. " sp ine us TSEGELNJU K) with lobate-spinose thecae, a co n
spic uous feature of the late Lud fordi an fauna . "Acanthog raptus " se nsu TSEGELNJUK and Wolyn ograptus
TSEGELNJUK were included in the subfamily Wolynograptinae TSEGELNJUK. From the presen t study it
becomes clear, however, that lobate-spinose monograptids represent a deri vati ve of Mo nograptus (Unci
natograptus) and corresponding ly belon g to the latter subgenus (URBAN EK 1995 and p. 151 herei n).

To co ncl ude the first part of the present survey embracing all hitherto described ge nera of late
Lud fordian and Pfidoli (or rather Post-Ludlow ) monograpt ids, I would like to stress the import ance of
a grea t "comeback" of Monograptus, which reapp eared due to the Lazaru s effect and was highl y prominent
in the the Late Silur ian and Early Devoni an fauna . It is represent ed by the fo llowing subge nera: M on o-
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graptus (Uncinatograptus), Monograptus (Slovinograptus) subgen. n. and Monograptus (Formosograp
tus). A higher ranking of these taxa (as independent genera) would obscure the Monograptus comeback,
a fact of prime significance for stratigraphy. Moreover, there is possible that some of these subgenera
[especially M. (Uncinatograptus)] may represent a certain structural or adaptive type, rather than coherent
systematic groups.

The second important constituent of the late Ludfordian- Pfidoli fauna is made up of species preserving
an essentially pristiograptid foundation of the rhabdosome in combination with a new acquisition 
a bilateral apertural processes (see p. 108 herein). Because of a great silhouette resemblance to the Gorstian
Colonograptus PRIBYL, 1943, these species were assigned by PRIBYL either to Colonograptus (PRIBYL
1940) or even to Saetograptus (Colonograptus) (PRIBYL 1983). That was a misleading practice because
the Ludfordian and Pfidolian forms doubtlessly developed independently and de novo, their resemblance
to the Gorstian genera (or subgenera) Colonograptus and Saetograptus being of a homeomorphic nature
(see p. 108 herein). They were a classical example of the so-called "form genera", as PRIBYL had applied
purely typological criteria neglecting the possibility of an iterative appearance of roughly identical thecal
characters and paying no attention to a considerable strati graphic gap in the vertical distribution of the
taxa (cf. also the opinion of RICKARDS 1989: p. 272, about their independent origin).

The Ludfordian species of the latilobus group have been included herein into the genus Pseudomono
climacis MIKHAJLOVA, 1975. By introducing this name, she was emphasizing the "glypto-" or "climaco
graptid" appearance of the thecae in such Late Silurian species as Monograptus dalejensis BOUCEK
(= Monograptus haupti KOHNE) and Ludensograptus latilobus TSEGELNJUK, although the type species she
designated was Pseudomonoclimacis elegans (from the Tokrau horizon, Kazakhstan) . While the presence
of a sort of a geniculum is a common feature for these forms, they differ in the absence or presence of
apertural lobes . This probably explains why KOREN' (1983: p. 412) tends to limit the scope of Pseudo
monoclimacis MIKHAJLOVA to the forms provided with some climacograptid thecal excavations but devoid
of any apertural additions. She also suggested (in LENZ 1990, footnote on p. 1082) that the species
parultimus and ultimus (having both the geniculum and the apertural elaborations) should not be assigned
to the genus Pseudomonoclimacis, an opinion with which LENZ disagrees. On the other hand , KOREN'
suggested that at present the Pfidoli forms with lateral lobes or with more complicated apertural structures
(transgrediens, lochkovensis) can only be referred to Monograptus s.l. This provisional solution is hardly
satisfactory and may even be a source of confusion.

An entirely different classification of this group was proposed by TSEGELNJUK (1976). His concept is
based on a speculative phylogeny assuming the splitting up of the hooked apertural lobe in Monograp
tus-like ancestors to produce a transient biform monograptid (genus Dulebograptus) with hooked proximal
and bilobate distal thecae. Thinking along these lines, he suggests that further progress of such processes
could produce representatives of Skalograptus whose colony is composed throughout of thecae with paired
aperturallobes (the type species S. vetus TSEGELNJUK is either a junior synonym of M. ultimus PERNER or
a representative of its somewhat more advanced variety) . In the present paper, we proceed from empirical
data that provide reliable evidence that the Pfidoli bilobate taxa developed de novo and gradually from
the ancestral pristiograptid foundation (TSEGELNJUK'S hypothesis is evaluated herein, p. 172). On the basis
of this evidence, TSEGELNJUK'S genera can only be considered as quite impracticable.

In my considerations, I will follow KOREN'S suggestion and use Pseudomonoclimacis in a restricted
sense , namely to accommodate the Late Silurian pristiograptid-like forms with a more or less distinct
bending of the ventral wall. Apart from Pseudomonoclimacis dalejensis (Boucsx) (= M. haupti KOHNE)
and Pseudomonoclimacis latilobus (TSEGELNJUK), from the early and late Ludfordian, such forms are
known at present only from the Tokrau horizon of Kazakhstan (P elegans, P bandaletovi, P cinctutus 
all described by MIKHAJLOVA 1975 and KOREN ' 1986).

On the other hand, a group of closely related species such as parultimus JAEGER, ultimus PERNER, and
lochkovensis PRIBYL must be accommodated elsewhere, no matter whether a geniculum is present or not.
They are included in a newly erected genus Neocolonograptus gen. n. The praefix neo- conveniently
emphasises the iterative nature of the evolution of the thecal characters in the Late Silurian monograptids,
while the root of the generic name manifests their unusual resemblance to the Ludlow forms, a resemblance
which previously proved to be misleading for some of the taxonomists. Early representatives of the lineage
display a distinct geniculum on the ventral wall of their thecae (parultimus, ultimus), this character
becoming less distinct in lochkovensis. Neocolonograptids may possibly be derived from a conservative
pristiograptid stock, via still unknown monoclimacid-like transient forms (the appearance of a geniculum
or a ventral excavation, p. 166 herein). This characteristic phylogenetic acquisition is repeated in the
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astogeny of the early representatives of neocolonograptids. The type species of Neocolonograptus gen . n.
is Monograptus lochkovensis PRIBYL, 1940. TSEGELNJUK'S (1988) last proposals to consider M. parultimus
JAEGER a late survivor of Ludensograptus, without any relation to Pristiograptus lochkovensis PRIBYL,
being in his opinion a direct descendant of Dulebograpus (p. 156 herein), are purely speculative and hardly
convincing. The same holds for his idea of the collective nature of M. ultimus PERNER, which he suggested
should be split into two completely unrelated species (" true" M. ultimus which should be assigned to
!strograptus TSEG ELNJUK with a pri stiograptid ancestry, and Skalograptus vetus , an advanced variety of
ultimus, which in his opinion stems from dulebograptids) .

The concept of Neocolonograptus gen. n. corresponds better to the empirical data and is free of
unnecessary speculative reasoning.

The Pfidoli faunal assemblage included some representatives of Pristiograptus JAEKEL, the foremost
among them being the persistent Pristiograptus dubius (SUESS) s.l., passing without much change through
almo st the entire Pfidoli (cf. also KOREN' 1986) . Analyzed with a higher stratigraphic resolution, it reveals
both chronodemes representing a standard morph basically similar to late Homerian-Gorstian P. dubius
frequens and populations composed of deviant phenotypes. After some time such deviants are again
replaced by a standard morph. Thi s variation makes any taxonomic evaluation with the help of standard
criteria very difficult (see p. 159 herein).

Alongside the zigzag microevolution of the dubius lineage, Pridoli monograptids exhibited more
persistent trends which evolved into valid species. One such trend can be illustrated by transgrediens
PERNER, an interesting case manifesting the appearance of thecal characters remarkably similar to tho se
developed almost coevally in the pa rultimus-ultimus lineage. The similarity is so close that the proximal
fragments of the rhabdosomes of the tran sgrediens and the ultimus species groups can be mixed up!
Thinking in typological terms, PRIBYL (1983) assigned transgredi ens to his Seatograptus (Colonograptus)
because of its elaborate aperturallobes. KOREN' ( 1983) uses the name Monograptus transgrediens, which
seems misleading. LENZ (198) temporarily, until a better solution has been found , uses quotation marks
in his nomenclature, e.g. "Pristiograptus" transgrediens. The use of quotation marks in generic naming
signals in the first place that the generic assignment of the species discussed is so far unre solved and that
this species occupies an exceptional place within the genus in which it has been tentatively included. The
revision of the tran sgrediens Group by TELLER (this volume p. 73) enables us to accept and redefine
TSEG ELNJ UK'S (1988) generic name !strograptus . Its type species is Monograptus tran sgrediens PERNER,
1899 , and it comprises solely the tran sgrediens group of species (compare also KOREN' , in press). I do
not accept, however, TSEGELNJ UK 's speculative assignement of M. ultimus PERNER (partim) to this group
as well, nor do I share his idea of the latter species ' collective nature.

Essential reclassification of the Pfidoli monograptid fauna described herein will be conducted using
the scheme shown in Table I . Although our knowledge about the actual phylogenetic relationships remains
limited in respect of some form s, the cla ssification and reassessment of the nomenclature are based on
isolated materi al providing safe grounds at least for understanding the morphology. It must be clearly
stated that neither intellect nor scrutiny can replace a careful and detailed study of three-dimensionally
pre served and chemically etched material.

Table I
Tentative generic subdi v isio n of late Ludfordian and Pridoli monon ograptids.

Genus Type species

Mon ograptus (Unc inatog raptus ) T SEGELNJUK, 1976 Monograptus uncinatus T ULLBERG, 1883

Monograptus (S lovinograptus) subge n. n. Mono graptus balticus T ELLER, 1966

Monograptus (Fonnosograptu s) BOUCEK, MIIIAJLOVIC Mono graptus j 0/1/10 SU S BOUCEK, 1931
et V ESELlNOVIC, 1976

Pri stiograptu s JAEKEL, 1889 Pri stiograptus frequens JAEKEL, 1889

Pseudomonoclimacis MIKHAJLOVA, 1Q75 Pseudomonoclimacis elegans MI KHAJLOVA, 1975

lstrograptus T SEGELNJUK, 1988 Mono graptus transgrediens PERNER, 1899

Neocolonog raptus gen. n. Mono graptus lochkovensis PRIBYL, 1940
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Famil y Monograptidae LAPWORTH, 1873
Genu s Mon ograptu s GEINITZ, 1852

Sub genu s Monog raptus (Slovinog raptus) subgen. n.

Diagnosis. - Rhabdosome slender in proxim al part , thecal apertures pro vided with globose hoods,
adnate to the ventral wall.

Derivat ion of nam e: Fro m Slovi nians, an ancient Slavic tribe inha bit ing Pomeran ia.

Monograptus (Slovinog raptus) hamulosus (TSEGELNJUK, 1976 )
(PI. 2: 1-6, Fig. 14A, Cl , C2)

1976. Wolyllograptlls hamulosus n. sp. TSEGELNJUK; TSEGELNJUK, p. 112, pI. 33: 6.7.

Material. - about 20 fragment s of rhabd osome including proximal part with sicula.
Description. - Si c u I a 1.5 mm long and straight, with only the apertural part slightly turned

ventrally. Prosicular apex extend s to the level of the th. aperture. Diameter of the meta sicul ar aperture
0.25 mm. Initi al bud in a characteri stic low position, placed at a distance of 0.18-0.20 mm from the
metasicular aperture . Dorsal process of the metasicula is very indistinct, marked as a slightly protruding
margin (PI. 2: 1, 2; Fig. 14A l, A2).

Th e c a e displa ying a stra ight or gently sigmo ida l ventra l wa ll in the pro xim al part , becoming
increasingly convex distalwards. Apertures provided with a stro ngly developed apertura l hood of the
uncinatus-t ype . Whil e most proximal thecae see n ventrally exhibit rounded margins of their apertural
lobes, medi al and distal thecae are more or less distin ctly cordate when seen in th is aspect. Thi s cordate
appearance is produced by the presence of an angular prom ontorium in the middle of the free margin (PI.
2: 6, Fig. 14Cl, C2). In so me cases this appearance is less d istinctly marked. Lateral co rners of the apertural
lobe form projections, visi ble both in the lateral as well as in the ventral view (PI. 2: 5, 6) .

Theca l is 1.6 mm long and displays a very short metathecal seg ment and a small overlap with the
succeeding theca. Both the length of the metatheca and the degree of overlap increase distalwards (PI. 2: 1,6).

Stratigraphic distribution. - In the Mielnik-I borehole M. (S.) hamulosus appears soon after the FA
of Pseud. latilobus at a depth of 822 .90 m, being the first hooded monograptid to re-appear after the
extinction of M. ( u.) uncinatus T ULLBERG in the nilssoni Zone of the Gorstian (co mpare however p. 105).
It is assoc iated with frequent Pseudomonoclimacis latilobus and Linograptus posthumus but occ urs onl y
in a single sample. In Volh ynia, the spec ies in question is more numerous and perhaps more widely
distributed verti call y, but its FA seems again to coincide with the Mielnik record (TSEGELNJU K 1976).
Until more is known, M. (S.) hamulosus may be regarded as one of the assoc iated spec ies of the
latilobu s/balticus assemblage Zone.

Monograptus (Slovinog raptus) balti cus TELLER, 1966
(PI. 3: 1-1 2; Figs 14B, C3, C4, 15-1 8)

1966. Monog raptus balticus sp. n. T ELLER; T ELLER. pp . 556-558. pI. I : 6-11, text-fig. 4a , b .

1974. "Monograptus" balticus T ELLER; PA5KEVIClUS. p. 126 . pI. 15 : 1- 5 , pI. 19: 4-11, pI. 20 : 1. 2.

1976. WolYllograp tus balticus (TELLER); TSEGELNJUK , pp . 111-11 2. pI. 33 : 5.

1979. Monograptus balticus TELLER; PA5KEVICIUS, pp. 168-1 69, pI. 12 : 4-8. pI. 28 : 1- 12.

1983. "Monograptus " balticus T ELLER; TSEGELNJ UK, pI. 145 : 34 .

1988. Monograptu s balticus T ELLER; KOREN' , RINNENBERG and LVTOCIIKI N, pI. 17: I.

Redefined type horizo n : The latilobus-balticus Zone of the late Ludfordian, overlyi ng the low-diversity horizon which

appeared as a result of the kozlowskii Event and underl ying the acer Zone as defined he re in (Fig. 3).

Material. - Twent y five we ll-prese rved three-dimensional and semiflattened or flattened frag ments
of the rhabdosome, includ ing proxim al parts with sic ulae .

Description. - Si c u I a (Fig . 15A; PI. 3: I , 3, 6-7) elonga ted ( 1.6-1.8 mm long) and thin (attaining
approxi mately 0.3 mm at the level of the initi al bud ), with only a slightly marked dorsal proc ess
0.08-0.10 mm). Prosicul ar apex reaches to the middl e of the metathecal segment of th I '

Prosicul a (psi) with 4-5 indi stinct longitudinal threads visible on some spec imens is 0.46-0.52 mm
long and possesses an apertural ring (r .) . Metasicul a (ms i) has a length of 1.15-1.30 mm. Its single ring
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Fig. 14
Diagnostic features of Monograptus (Slovinograptus) hamulosus T SEGELNJUK (A i - A z, C r-CZ) and M. (S.) balticus T EL LER

(Bt - Bz., C3. C.j) as revea led in the structure of sicular part of the rhabdosome (A, B) and thecal characters (C) . Mielnik,
depth 822.90 m and 814.40 m respectively, both latilobus/balticus Zone.

(r2) is situated a pprox imately 0.5 mm from the sicular aperture . Metasicular aperture rather narrow
(0.10-0.17 mm 111 diameter), with a dor sa l proc ess only slightly marked (0.08-0. 10 mm long). Initial bud
located at a distance of 0.35-0.40 mm from the metasicul ar aperture (Fig. 14BI' B2). Virgella rather thin
but long.

The c a e generally long and tubu lar with a straight ventral wall , displayin g a considerable over lap
(Fig. 15B; PI. 3: 9). Fir st theca (th .) approximately 1.60-1 .70 mm long, attaining a width of up to 0.23 mm
below the aperture.

The proximal part of the rhabdosome is distinctly attenuated, con sisting of elon gated and narrow thecae
pro vided with apertural hood s adnate to the thecal tubes (Fig. 15B).

Proximal thecae display prothecae and metathecae of a fairl y equal length (0.85-1.00 mm and 0.80
1.00 mm, respectively) , the thecae being slender and varying in width from 0.12-0.20 mm in the prothecal
part to 0.15-0 .28 mm in the metathecal segment.
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n

Fig. 15
Monograptus (Slovinograptus) balticus T EL LER. A, H, proximal part of the rhabdosome see n laterally (in reverse aspe ct );

H with brok en sicular part and traces of healin g. Mieln ik, de pth 820 .70 m, the latil obu s/b alticus Zo ne, x 80.

Distal thecae exhibit a proportional increase of the metathecal segment attaining a length of 2.00
2.15 mm while the protheca is about 1.00 mm long. The respective width of these parts is 0.18 mm and
0.31-0.38 mm. All in all, the prothecalmetatheca ratio changes from 1:1 in the proximal thecae to approx.
1:2 in the distal ones (Fig. 18).

Both proximal and distal thecae are pro vided with an apertura l lobe (hood) resembling a bowler hat
in appearance (Figs 16A, B, 17) as it has a round ed main part (I) and a narrow brim (PI. 3: 8-1 2, Fig.
16A). The main part of the lobe adheres to the ventral wall without producing a neck (Fig. 16D, E) so
characteristic of the acer group. The anterior margin of the apertural lobe smooth or slightly notched.
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D

Fig. 16
Monograptus (Slovinograptus) balticus T ELL ER. Structure of the apertu ral apparatus: A, B, in a distal theca seen ventrally
and laterally; C, apertural slit in a distal theca seen from beneath and showing the width of a single metathecal fuse llus (for
more information see the text); D, E, fuse llar structure seen on bleached specimens in the top view and showing the stem

(D) and the free part (E) of the lobe apertura l margin . Mielnik, depth 820.70 m, the latilobus/balticus Zone .

Bleached spec imens reveal that the lobe is composed of interdi gitating fuselli which form a broad zig-zag
suture (Figs 16E, 17A, B). Thec al aperture covers the aperture rather tightl y, leaving, from the ventral
side, only a slit-like opening that slightly exceeds the width of a single metathecal fusellus (Fig. 16C).
Laterally, the aperture is incised , more so in the distal thecae. TELLER 'S interpretation of the apertu ral
lobe as twisted (1966, Fig. 4 therein ) may be explained by the imperfect state of preservation of his
materi al.

Rh a b d o s 0 m e straight as indicated by three-dimensionally preserved sicular portions including
thecae th lO-th I2. TELLER (1966: p. 557) charac terized the proximal part of the rhabdosome as "dorsa lly

B

Fig. 17
Monograptus (Slovinograp tus) balticus T ELL ER. Fusellar structure of apertural hoods as seen from ventral side on isolated

and strongly bleached specimens (A, B). Mielnik , depth 820.70 m, the latilobus/balticus Zone.
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n

10.25 mm

Fig . 18

Monograptu s (Slovinograptus) baltieus T ELLER.

Distal frag me nts of the rhabd osome seen late
ra lly . Mielnik, depth 820 .70 m, the latilobus/bal-

ticus Zo ne .

curved from th- , ths", but he also mentioned the presence of
"some rhabdosomes whose proximal part is not so strongly
dorsally curved" (ibidem: p. 558). Some of Mielnik specimens
even reveal a slight tendency towards the ventral curvature of
the sicular part . It is difficult to judge whether and to what
extent the variation observed may be accounted for by preser
vational factors or ascribed to primary intraspecific proce sses.
The width of the rhabdosome is 0.23 mm immediately above
th 1 and 0.56 mm above ths·

N varies from 10-11 in the proximal and medio-distal parts
of the rhabdo some to 9 in its distal portion.

Abnormal astogenetic development. - Specimen show
ing a chan ge from mono serial arran gement of the thecae to
biserial one and the return to the normal monograptid pattern
is discussed elsewhere (p. 120, Fig . 10).

Taxonomic position. - M. (S.) balticu s stands apart
among other Ludfordian mono graptids because of its slender
ness and thecal characteri stics. What makes it different from
the most similar M. (S.) hamulosus is the high position of the
initial bud in relation to the sicular aperture (0.35-0.40 mm
instead of only 0.18-0.20 mm in M. (S.) hamulosus, see Fig.
14A, B), greater slenderness and the shape of the apertural
lobes as seen in the ventral aspect: bowler-like rather than
cord ate (cf. PI. 2: 5, 6 and PI. 3: 10-12).

The relation between M. (S.) balticus and other slender
monograptids of the Pfidoli and the Earl y Devonian need s
further study. In the Mielnik-l borecore and in other EEP
sections the species has no imm ediate followers, and its lineage
appears to become extinct. Nevertheless, its relat ion to youn ger
gracile monograptids was suggested by KOREN' (1983: p. 419 ).
She suggested a graded series: M. (S.) balticus TELLER - M.
beatus KOREN' - M. microdon Reinh ard RICHTER as a possible
lineage. Thi s sugges tion is tempting, becau se of a general mor
phological similarity of the forms mentioned, which, however,
are separated by appreciable time gaps (1. late Ludfordian
middl e Pfidol i, 2. upper Pfidoli-Lochkovian). The nature of
thes e gaps should be somehow elucidated before any conclu
sion is reached.

Stratigraphic distribution. - M. (S.) balticus was de
scribed by TELLER (1966) from the beds with a poorl y charac
terized assemblage tLin ograptus posthumus, Pristiograptus
dubiu s) in the Leb a-3 borecore, some 40 m below the FA of
his M. ex gr. formosus. It was tentati vely referred by him
(1966: p. 558) to the Upper Ludlow as a potential index fossil
"for that part of the sec tion which is characterized in Poland
by the occurrence of form s from the M. formosus group".
These conclusions remain true in spite of the fact that in the
light of the present knowledge TELLER 'S "M. ex gr. fo rmosus" represents a form that should be assigned
to M. (u.) protospineus. Thi s roughly corres ponds to the range of balticus in the Mielnik borehole where
it is confined to the latilobus/balt icus Zon e of the late Ludfordian (FA at a depth of 819.85 m and LA at
814.40 m, see Fig. 3 for range). Its occurrence in the middle of the Pagegiai Seri es of Lithuania (PASKE
VICIUS 1974) and in the Meton horizon of Volhynia (TSEGELNJU K 1976) correspond s to the range observed
in the Mielnik core section.

Occurrence. - M. (S.) balticu s has been described from N and E Poland , Lithuania (PASKEVICIUS
1974), Volhynia (TSEGELNJUK 1976), and also recently from the Alai Range , Tien Shan, Kyrgystan (KOREN'
unpublished ).
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Subgenus Monograptus (Formosograptus) BOUCEK, MIHAJLOV IC et VESELl NOVIC, 1976
Monograptus (Formosograptus) f ormosus BOUCEK, 1931

(Pis 4-6, PI. 7: 1-4, PI. 8: 7, 8; Figs 19-24)

1931. Monograptus fo rmosus n. sp. and Mon ograptus purkynei n. sp. BOUCEK; BOUCEK, p. 8, p. 18, text-fig. 9a-d.
1940. Mo nograptus (?Spirograptus) convexus n. sp.; PRI BYL, p. 73, pI. 1: 4.
1946. Spirograptus ?formosus (BOUCEK); PRI BYL, p. 36, pI. 9: 4.

1962. Monograptu s formosus BOUCEK ; WILLEFERT, p. 33, pI. 2: 18, text-fig. 8.

1962. representative oi fo rmosus Group , TOMCZYK; TOMCZYK, pI. 3: 1- 2, pI. 4.

1967. Monograptus fo rmosus BOUCEK; JAEGER, p. 286, pI. 14: b-e ,

1969. Monograptus paraformosus n. sp. JACKSON and LENZ; JACKSON and LENZ, p. 27, pI. 4: 1, 2,4.
1973 . Monograptu s fo rmosus BOUCEK; KOREN' , p. 151, pI. 1: 13-1 6.

1974 . "Monograptus" formosus BOUCEK; PASKEVI CIUS, p. 127, pI. 14: 11 , 12, pI. 20: 3, 4.

1976. Fonnosograptus fo rmosus (BOUCEK); BOUCEK, MIHAJ LOVIC and VESELlNOVIC, p. 85, text-fig. la-f, pI. 1: 1- 3, pI. 3: 5.
1976. Tamplograptus convex us (PRIBYL), Tamplograptu s formosus (BOUCEK) and Tamplograptus paraformosus (JACKSONet

LENZ); TSEGELNJUK, p. 114, pI. 35: 1- 9.

1979 . Monograptus fo rmosus BOUCEK; PASKEVI CIUS, p. 173, pI. 15: 3, 4, pI. 3 1: 1- 3.

1986. Monograptus fo rmosus BOUCEK; JAEGER, p. 316, pI. 3: 4, 5, pI. 4: 13, text-fig. 28a-e.
1986. Monograptu s formosus BOUCEK; KOREN' , p. 97, pI. 20: 5-7, pI. 2 1: 7, text-fig. 16.
1986 a. Monograptus formos us BOUCEK; KOREN' , p. 154, text-fig. 11 2H.

Type horizon: Type stratum, namely the N. ultimus Zone, is a late occurrence for the species with the Biozone ranging
from the late Ludfordian latilobus/balticus Zone to the above-mentioned early Pridoli zone.

Material. - A few hundred fragments repre sentin g all growth stages of the sicula and displaying
a complete astogeny; mostly flattened or semiflattened .

Description. - Sic u I a straight, 1.42-1 .60 mm long, with the prosicular apex distinctly belo w the
level of the th. aperture (Fig. 19A, B).

Pro s ic u I a 0.51-0.57 mm long, with longitudinal threads (4-6) and traces of a helical line visible
on some bleached specimens (Fig. 20A, B" C). The aperture of the young prosicula without an apertural
ring (Fig. 20A\ ) which appears at later growth stages (Fig. 20A2). Metasicula (msi) 0.85-1.06 mm long
with an aperture 0.21-0.29 mm in diameter, usually provided with a distinct shovel-like dorsal process
(dp) some 0.15-0.23 mm long. (Fig. 20D2, D3) . Metasicular dorsal process is subjec t to substantial
variation, but usually is strongly pronounced (PI. 5: 1-5, dp).

The development of the m et a s ic u I a follow s a standard monograptid pattern including the form a
tion of a primary notch (pn) (sinus and lacuna stages) and initial bud (ib) situated on adult siculae at
a distance of 0.35-0.48 mm from the sicular aperture . Metasicula is provided with a ring (r2) approxi
mately at 1/3 of its length and 0.30 mm from the apertural ring of the prosicula (r .). The presence of two
rings (r . r2) on the sicula is an invariable feature of all siculae examined (PI. 4, Fig. 20B2, D 1, C).

Th e c a e , both proximal and distal, vary in shape and proportions. Proximal thecae (th ,- th3) subtrian
gular, with a distinctly isolated apertural part (Fig. 19B, PI. 5) involving the entire metatheca. Distal thecae
feature a much lesser degree of isolation with the metatheca almost fully adnate to the rhabdosome
(Fig. 21, PI. 6: 6,7, PI. 7: 1).

Most proximal thecae have long ( 1.20-1.10 mm) and narrow prothecae (0.18-0.20 mm wide at the
base). Their metathecae are distinctly shorter (0.55- 0.70 mm long), and in th l-th3 they are completely
isolated. The critical position is occupied by th, in which the prothecal and metathecal segments are of
equal length (0.90 mm), while almost one third of the metatheca (0.30 mm) is adnate and the remaining
two thirds are free (isolated, 0.60 mm).

Starting from this turnin g point, the metathecal seg ment becomes longer, attaining a length of 1.34
1.46 mm in the distal part of the rhabdosome, whereas the prothecal one remains stabilized within the
range of some 0.77-0.90 mm. At the same time almost two thirds (60 per cent ) of the metathecae are
adnate and a little more than one third (40 per cent) is isolated. Thu s, most proximal and most distal thecae
represent contrasting morphol ogical types linked by a smooth intergradation in the course of the astogeny.
One of the characters revealing this directional astogenetic change is the width of the rhabdosome which
steadily increases, varying from 0.18-0.30 mm at the base of the prothecae in th ,-th4 of the slender
proximal part to 0.77-0.82 mm in truly distal thecae.

Rhabd osome is biform as regards the isolati on, overlap and prop ortion s of thecal segments. Thi s aspect
of biformity is, however, screened by the relative uniformity of the apertural appar atus which shows only
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Fig. 19
Monograptus (Formosog raptus} fo nnosus (BO UCEK). Sicul a with th, (A) and proximal portion of the rhabd osome (B) ; C,
detail s of the aperture in th ] seen dorsally (C l) and ventrally (C 2). Mielnik , depth 770.45-769.45 m, the acer-spineus Zone.

a minor astoge netic variation . Apertures of thecae are covered by a single apert ural lobe (I) which extends
into two, left and right, lateral processes (Fig . 22, lip, rip). These processes are sem itubular, with only
a narrow slit visible from the dorsa l side (Fig . 22B), and end with a turned-out, hoof-like area which
I propose to term auriculum (a). This area is usually flat, and the degree of its extroversio n flatten ing may
be at least partly preservational due to lateral compress ion (Fig . 22A-B, 0 a; PI. 6: Ic, PI. 7: 2a). Another
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Fig. 20
Monograptus (Formosog raptus) [onnosus (BOUCEK). Deve lopm ent of the sicula and formation of the init ial bud. A I , A2, an
early and advanced prosicul a; B, young and and advanced metasicul a; C, young sicula with the init ial bud; D I-D3, structural
details of a fully grown sicula showing the primary notch and the initial bud area (D .) as we ll as the fusellar struc ture of the

aperture (D2, D3) . Mielni k, depth 770.45 -768.00 m, the acer-spineus Zo ne.

obviously preservational charac ter is the presence of a deep infolding (pf) seen on many specimens (Fig.
22A, B, 0 , E; PI. 6: 1) as a result of lateral compression. Some natur ally preserved specimens (Fig. 22F,
G) and needle preparations on bleached fragments reveal the presence of an apertural lip (val), similar to
that found in "operculate" Gorstian and early Ludfordian forms ( U RBANE K 1966, 1970).

Strongly bleached specimens show the fusellar structure of the lobe proper, made of two series of
fuselli with their oblique sutures form ing a zig-zag line in the middle (Fig. 220). Semi tubular lateral
processes are made of a single series of fuselli which, narrowing into strips, converge on the dorsal side
to form the ventral apertural lip (Fig. 22B, G). On the ventral side, they end free ly, composing the anterior
margin of the lobe.

R h a b dos 0 m e is strongly dorsally curved, the curvature starting approximately at the level of the
th , aperture, i.e. slightly above the prosicular apex. The angle of deviation, 0 , measured as shown in
Fig. 23A in strongly curved specimens, is approximately 25°. Smaller values were also observed. Dorsal
curva ture as traced along the dorsal line of the rhabdosome composed of a sicula and 9 thecae is shown
in Fig. 238. The dorsal curvature of the rhabdosome, along with the triangulate shape of the thecae, the
slenderness of the proximal part of the rhabdosome, and the complexity of the thecal apertural apparatus,
are among the species-specific featu res of M. (F.). formosus. The now obso lete meaning of the "[ormous
Group" was based on the overall appearence of the rhabdosome of certain forms, defined by the dorsal
curvature and hooded thecae (p. 94).
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10.25 mm

Fig. 2 1
Monograptus (Formosograptus)[orm osus (BOUCEK). Distal fragment of the rhabdsosome, reverse (A)

and obverse (B) aspects. Mielnik, depth 766.45 m, the acer-spineus interval.
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The growth of the pro ximal part of the rhabdo some may be trac ed on a series of spec imens (Fig.
24A- E). The growth of the metasicul a begin s before th. is completed, while the first fuselli of th2 are laid
down before the formati on of the aperture in th. is initi ated (Fig. 24C , D).

The number of thecae in 10 mm, N, in the sicular part is 9+sicula, in the distal part , 9-11.5 , and in
the medial part it is as high as 12.

Taxonomic position. - Against the background of the late Ludfordian and early Pfidoli graptoloid
fauna , M. (F.)jormosus occupies a quit e separate position . Unique in many aspects, it exhibits a remarkable
similarity to Oktavites sp iralis (GEIN ITZ) from the late L1andovery (Telychian) . Thi s resemblance is most
conspicuously expre ssed in thecal characters, less so in the overall shape of the rhabdosome [see PI. 8:
1-6 and PI. 8: 8, 7 for comparin g the thecae of O. aff. spiralis and M. (E t fo rmosusi. The rhabdosome of
O. aff. spiralis is, however, strongly coiled, whil e in M. (F.) formosus it is only dorsally curved. Never
theless the degree of similarity in thecal characters is exceptional and difficu it to interprete. At the same
time they differ from "standard" Late Silurian hood ed monograptid represented by M. (u.) uncinatus (PI.
8: 9, 10). Heterochronous paralleli sm see ms a more plausibl e explanation than the Lazarus effect (see
URB AN EK 1993: for an extended discussion). However, none of the rece ntly known Late Silurian mon o
graptids can be regarded as ances tral to our species which, at the present stage of knowledge, ought to be
conside red trul y cryptoge nic.

Dur ing its relatively long stratigraphic occurrence ove r an extensive area of geographic distr ibution
M. (F.)jorllloslls exhibits a remarkable cohes ion. Monograptus paraform osus JACKSONet LENZ, 1969, the
only candidate to the role of a closely allied vicarious spec ies (Yuko n Territory, Canada), is now considered
conspec ific with uu c formosus fro m Barrandian (KOREN ' 1986: p. 97 ; JAEGER 1986: p. 3 16d) . In spite of
its obvious biological success , M. (F.) [o rmos us probabl y left no descendant. TOMCZYK'S previous reports
( 1962, 1962a) on a diversified and abundant "[ormosus" group occ urring in the upp er part of his Siedlce
beds (a region al stage or form ation) were partl y exaggerat ed . The present dat a, confirming the abundance
of M. (F.) [orm osus in these beds, reveal some acme horizons, but no other affined species have been
found so far, allowing one to think that it was not a speciose taxon (see p. 106 herein).



138

E

10.1 mm

ADAM URBANEK

A
D

Fig. 22
Monogr aptus (Formosograptus) fo rmosus (BOUCEK). Struc tural details of the apertura l apparatus in distal and medi al thecae.
A, ventral view ; B, dorsal view; C, lateral view ; D, seen ventra -latera lly; E, ven tral view of a med ial theca; F, G , internal

struc ture of the aperture seen ventro -proxi ma lly. Mielnik , de pth 766 .75 m, the acer-spineus Zo ne.

Stratigraphic distribution. - Thanks to its morphologic al characteristics, M. (F.) [ormosus can be
co mpare d with such di stin ct and highly representati ve taxa as Nemag raptus graci lis, Spirograptus tur
riculatus, or Linograptus posth umus. The data ava ilable permit the fo rmosus holozone to be ex tended
from the latilobus/balticus Zone to the ultimus Zone inclusive, so that it ran ges across the Ludlow/Pfidoli
boundary. Th e vertica l distribution as obse rve d in part icul ar geographic areas as a rul e represents only
a frac tion of thi s interval (a merozon e). Thus, in the Mieln ik borehole it ex tends throu gh the lat ilobus/bal
ticus Zone across the post-spineus low di ver sit y interzon e and almos t to the bott om of the parultimus
Zone. In Barr andian , it occurs in the fragmenta lis Zone of the Kopanina Format ion and penetrate s the
Pfidol i reaching the ultimus Zone (JAEGER 1986: p. 3 18). In the Canadi an Arctic Archipelago, the vertica l
distribution embraces the parultimus Zone, and in the Northern Yukon , its posi tion is " more or less
precisel y" the sa me (JACKSON et al. 1978; LENZ 1990). In the sect ions of the Alai Range (So uth Tien Sh an )
it appears above the kozlowskii Zone and reaches the parultimus-ultimus Zone (KOREN' and LYTOCH KI N
1992 ).

From the above it fo llows that the mere presen ce of M. (F.) fo rmosus ca n only serve as an arbitrary
basis for the assignment of the given stratum either to the Ludfordian or to the Pfid ol i, To ac hieve a more
precise di scrimination bet ween the two stages one should use true index spec ies, nam ely the acer- spineus
group (co nfined to the late Ludfordian) and the ultimus group (the ea rly Pfidol i). In his early reports on
the stratigra phy of the subsurface Silur ian in the Poli sh Lowland, TOMCZYK ( 1962), emphas ized the
abundance of the "[ormosus" group of monograptids and their significance for what he ca lls the Upper
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Fig. 23
Proximal part of Monograptu s (Fon nosog raptus) fo rmosus (B OUCEK) rhabdosome seen on orthogonal grid eo-measurable

to the scale of magnification of the specimen: A , rhabdosome with the dorsal process of sicula placed at 0; 8 , its dorsal line.
Mielnik, depth 767.80 ta. formosus epibole within the protospin eus-spineus interval.

si

Fig. 24
Monograptu s (Formosog raptus} fo rmosus (BOUCEK). A-E, successive stages of astogeny.

Mielnik , depth 770.45 , the acer-spineus Zone.
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Siedlce Beds (a form ation or a regional stage). Alth ou gh the diversity of the "g roup" was illu sory (se e
p. 106 herein ), there is no doubt that M. (F.) formos us is characteris tic of those beds, whi ch are more or
less precisely equivalent to the late Ludford ian.

Occurrence. - M. (F.) fo rmosus is a trul y cos mopolitan spec ies , descr ibed from all the continents
except for South America and the Ant arctic (JAEGER 1986: p. 318). In addition to the occurrences quoted
above (p. 138 herein ), one should menti on its findings in NW Afric a (Sahara), with in the so-ca lled middle
Ludl ow (WILLEFERT 1962: p. 33) and SE Australia, in the Rosebank Shale of the Yass syncl ine (New
South Wales, JAEGER 1967). M. cf. fo rmos us was also described from a yo unger member (Elms ide
Formation) of the same syncline (JENKINS 1982).

Subgenu s Monograptu s (Uncinatograptus) TSEGELNJUK, 1976
Monograptus (Uncinatog rap tus] acer (TSEGELNJUK, 1976), sensu URBANEK 1995

(Pis 9, 10, Figs 25-32)

1976. Heisograptus acer n. sp. T SEGELNJUK; TSEGELNJUK, p . 108, pI. 30: 1, 21= Monograptus (U) acer aeer (TSEGELNJUK) ] .

1976. Acanthograptus aculeatus n. sp. T SEGELNJUK; TSEGELNJUK, p. 11 3, pI. 34: 10 [= Monograptus (U) aeer aeuleatus
(T SEGELNJUK) ].

1983. Bugograptus aeuleatus (TSEGELNJUK); T SEGELNJUK, p. 141, fi g. 35 [= Monograptus (U) aeer aculeatus (TSEGELNJUK)].

Redef ined typ e hori zon : The aeer Zone as def ined by URBANEK (1995), and subdivided into th e acer acer and aeer
aculeatus Subzo nes.

Material . - Ab out 40 well-preserved frag ments, including young stages of astogeny and distal part s
of rhabdosom e, mostly semifla ttened or 3-dimensional.

The conce pt of M. (V. ) ace r-aculeatus as chro nospecies: TSEGELNJ UK (1976) placed these two species
into different genera (Heisog raptus and his Acanthograptus, respecti vely), but the analys is of the Mielnik
core materi al has revealed that M . (U.) acer (TSEG ELNJUK, 1976) and M . (V.) aculeatu s (TSEGELNJUK,
1976 ) are very closely allied spec ies , or varieties, wh ich have most of the char acters in common except
for the degree of the dorsal curvature in the proximal part of the rhabdosom e (URBANEK 1995 ). The acer
morphotype is alm ost straig ht, and the aculeatus is distin ctly curved. In my opinion, the amount of
vari ation displ ayed in this case does not exceed the intraspecific range obseved in many species of
monograptids with a dorsal curvature . What is more, the advance of the morphotype may vary in M. (V.)
acer s.1. within a sing le sample, as it does in the specimen obta ined from the lower part of its vertica l
range of distribution in the Mielnik boreh o1e . Thi s allows the two forms to be cons idered conspec ific, the
acer morphotype representing one extreme and the aculeatus form being at the other end of a continuous
spec trum of variation (morphoc line). However, the degree of curvature increases remarkabl y upw ard s
through the sequence , so that in the higher zonal populations distin ctl y curved form s were predominan t.
Thi s simple charac ter may eas ily be identified even in poorly preserved spec imens and therefore used for
biostratigraphi c purposes. On these grounds acer and aculeatus are distin gui shed in the present paper as
closely allied chronospec ies linked by a wide range of intermediate forms (Fig. 25A-D) .

In the core of the Mielnik sequence , URBANEK (1994) proposed drawin g an arbitrary demarcation line
between the two subspec ies at a depth of 780.00 m. In view of the recogni zed , very gradual character of
the evo lutionary changes involving the shift of the mean, any such limit must of necessity be arbitrary.
The same hold s for the use of subspeci fic names. The above concept differs from the original version
present ed by TSEGELNJUK ( 1976) who considered the almos t straig ht and curve d morphotypes as two
distin ct but contempora neo us spec ies, paying no attention to the progressive character of the curvature in
time or to the presence of intermediate types. Moreover, acco rding to TSEGELNJUK'S recent opinion
(personal communication), his "Acanthograptus" aculeatus lacks apertura l spines . The struc ture which he
previously took for spines placed on the apertura l lobes pro ved to be intersecti ons of the lobes prop er
with the bedding plane. Therefor e its assignement to a separate genus Bugograptus, as suggested by
TSEGELNJUK (1983), see ms unju stifi ed (see also URBANEK 1995).

Description. - Si c u I a (Figs 26 , 27; PI. 9: 1, 2, 4, 5) straight or rarely slightly ventrally curve d,
1.43-1.66 mm long, with the apex of the prosicul a situated somewhat below or at the level of the apertura l
lobe of th I' Prosicul a (psi) with a length of 0.46--0.51 mm shows a distinct apertura1ring (r I) 0.15--0 .18 mm
in diameter. Metasicul a (ms i), 0.95-1.15 mm long, is provided with a sing le ring (r2)' a normally strong
shovel-like dorsal aper tura l process (dp), and a strong virge lla (PI. 9: 7). In some cases this process is less
pronoun ced being only 0.12-0.15 mm long and the virge lla may be stro ngly deviat ed (Fig. 28). Th e
diameter of the metasicular aperture is 0.28-0.32 mm, but in some spec imens a tend ency towards flarin g
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Fig . 25
Change in the degree of the dorsal curvature of the rhabd osom e with in the acer-spineus lineage: A-C, M . ( U ) acer acer
(TSEGELNJUK), representat ive speci me ns fro m the depth of 792 .70 m, 790 .90 m and 790 .55 m res pec tively ; D, M. (U) acer
aculeatus (TSEGELNJU K), spec ime ns from the depth of 774.50 m; E , M. (U ) protospineus UR BANEK, specime n from depth
of 773.50 m; F , M. (U) spi neus (TSEGELNJUK) from the dep th of 760.15 m. A ll specime ns from M ielnik-I we llco re . Note

the gra dua l increase of the dorsal cu rvature in the proximal part of the rhabd osome within the lineage .

is observed, especi ally clearly so in the sample from a depth of 770 .90 m. Primary bud is situated at a
considerable distance (0.30-0.40 mm) from the metasicul ar aperture.

The ca e in the proximal part of the rhabdosome are subtriangular, with the ventral wall either straight
or slightly incised at the base. Th. attain s a length of 1.00-1.20 mm and its metathecal portion is only
0.21-0.28 mm long. Subsequent proximal thecae are rapidly gaining width (see below) . Proximal thecae
(thr th3) display prothecae 0.69-0.80 mm long and metath ecae 0.30-49 mm long , the total length being
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Fig. 26
Monograptu s (Uncinatograpt us) acer T SEGEL NJUK .

Early growth stages of sicula (A, B). Note that virge l
la starts at the level of the second rnetasicular ring (B)

Mielnik- l , depth 792 .55 rn, the acer Zone.

1.00-1.20 mm. The distal ones have prothecal and metathecal segments with a length of 0.85-0.92 mm
and 0.82-1.00 mm , respectively. The total length of the thecae in the distal frag me nts is approximately
1.60 mm. Hence in the astoge ny we see a usual change of proportions between the thecal seg ments due
to an increase in the metathaecal share (Figs 29, 30; PI. 9: 6, 9).

Thecae are provided with charac teristic strongly developed apertura l lobes, uniform in structure
throughout the rhabdosorne, but differing in size (Fig. 31; PI. 10: 6-9). Morpholo gica lly, they are co m
posed of a "neck" (n), part of the lobe covering the aperture proper when seen from above (dorso-distally),
and the lobe s.s. (I), stre tching forewa rd and provided with two more or less pronounced corners, the
incipient antero -lateral processes (alp; Fig. 31). The presence of a "neck" is a distinctive speciec-s pecific
feature of the apertural apparatus in M. ( u.) acer. Th is distingu ishes it from such Ludford ian monograptids
as M. (5.) balticus or M. (5.) hamulosus where the lobe proper is adnate to the thecal tube (see p. 131).
The other distinctive feature is its fairly flat shape: the aperture is cove red with a kind of a flat roof,
without any convexi ty, charac teristic of most hooded monograptids [e.g. M. (U i] uncinatu s, M. (5.)
balticusi. The apertura l lobes of M. (u. ) acer are also fairly large, the length (transv.) of the lobe in th ,
being 0.46-0.49 mm , in th2 0.49-0.54 mm and in th3 0.66 mm. In the lobe of a 0.60 mm long medi an
theca, 0.28 mm is occ upied by the "neck" and 0.32 mm produces its free part . The length of the apertura l
lobes in most proximal thecae exceeds the width (transv.) of the rhabdosome at the corresponding level ,
which acco unts for a characteristic appearance of the rhabdosome.
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Fig. 27
Monograptus (Uncinatograptus) acer T SEGELNJUK. Successive growth
stages of the sicula and the initi al bud : A, sicula with a closed primar y
notch (pn, the lacun a stage of developm ent ); B, young sicula with an
incipient initi al bud (ib); C, fully grown sicula and advanced thj , Mielnik,

depth 792.55 m the acer Zone. c
vi

The free margin of the lobe has a roll -like thickening (PI. 10: 10, 11 m), which in some spec imens tends
to continue over the ventra l lip of the thecal aperture (PI. 10: I, 2). Thecae are frequentl y preservation ally
distorted (PI. 10: 1-3), or preserved in a 1/4 turn around the long axis of the rhabdosom e (Fig. 29, th. ,
th2; PI. 9: 1, 8).

As compared with the structure of M. (5.) balti cus, the apert ura l lobes are later ally much more incised,
with a slightly protruding apertura l margin (PI. 9: 6, Fig. 30). Th is, and most of the previously mentioned
features were preserved unchanged as a certain found ation in all subsequent members of the acer--spin eus
lineage as defined by URBANEK (1995).

Bleached specimens reveal a fusellar structure of the apertural lobes (Fig. 3 1A-C). They represent
a standard difusellar system, with a broad zig-zag suture in the middle and pronounced anterolateral corners
(alp, A, Cz), which were to play an important role in the phylogeny of the lineage (see p. 149). Some of the
fuselli, especially those of the "neck", converge laterally towards the ventral apertural margin (Az, Cl )'

In a broad sense such an apertura l apparatus may be regarded as representing the uncinatus type of
lobes (as defined by J AEGER 1978, 1986), although it differs in its overall shape both from M. (u. )
uncinatus from the Gorstian as well as from other Ludfordian hooded monograptids (as described herein).
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Fig. 28
Monograptus (Uncinatograptus) acer T SEGEL NJUK . A-C, variation in the shape of the dorsal process (dp)

of the rnetasicular aperture. Mielnik, dept h 792.55 m, the acer Zone.

Thus one can say that it initated its ow n style of apertura l devices (the acer acquisi tion of URBANEK 1994 )
preserved in the later phyletic stages of the lineage.

Rh a b d o s 0 m e s , as can be judged from isolated fragments, were fa irly long and rather robust (the
largest preserved pro xim al part is 11 mm long, but TSEGELNJUK 1976, mentions rhabdosomes 30 mm
long). Rhabdosome widens rather rapidly, atta ining -0.30 mm at th. , -0.60 mm at th3, and -0.90 mm at
th6, and stabilizes near this value. Th is rapid increase in width (0.12 mm/theca between th 1 and th6 is
a characteristic feature of the species , in which it resembles M. hornyi, but differs fro m M. pridol iensis
(both of Pfidoli age) . The number of thecae (N) in 10 mm of the rhabdoso me length is 11-1 2 in the
proxim al part , but distal fragment s of a comparable size are lacking.

The ove ra ll shape of the rhabdosome is defined by the degree of the do rsal curva ture . Th is character
is fairly variable ranging from almos t straight to slightly bent to distinctly dorsally curved forms (URBANEK
1994). Furthermore, straight or slightly bent rhabdosomes prevail in the samples from the lower horizons
within the range of the vertica l distribution of M. (V.) acer-aculeatus (Fig. 25A 1- A3, depth 792.70 m),
whereas the degree of curva ture incre ases in the samples from subsequent hori zon s (Fig. 25B-O, depth
790 .90-774-50 m). From the above, it follows that the empirical data summarized in Fig. 25A-0 reveal
a gradual and uni-direction al charac ter of chan ges in the degree of the dorsal curvature within the
popul ation sequence . Th ese changes cannot be traced continuously in the Mielnik borehole because of the
gap in the occ urre nce (the 790 .90-780 .50 m interval). Nevertheless, this lack of continuity does not
produ ce a significant disturbance in the tracing of the processes discussed . After their rea ppearance at
a depth of 780 .50 m, the popul ations display only some increase in the curvature witho ut produ cin g any
jerkin ess (see Fig. 250 1- 0 3) , Accordin g to URBANEK (1995 ), this speaks for a slow and trul y gradua l
evo lutionary change invo lving the shift of the mean.

Assuming the essentia l stability of thecal characters, the degree of dorsal curvature (a purely qu ant i
tative trait ) becomes the main feature dis tinguishing M . (U) acer from M (U) aculeatus. Th is makes the
boundary between the two taxa fairly arbitrary . I sugge st that such a limit be established in the Mielnik
core at a dept h of 780.00 m, some 50 cm after the popul ations' reappearance.

Taxonomic position. - As understood in the presen t paper, a single chro nos pec ies with two sequential
subspec ies, M. (U) acer acer and M. (U) acer aculeatus initiates the acer-spineus lineage as defined by
URBANEK ( 1995). It represents the first phase of the phyletic evo lution, displ aying slow and gradual
change s in the degree of the dorsal curvature of the rhabd osome as we ll as minor modifications of the
shape of the proxim al thecae, expressed in the development of shallow incisions at the base of proth ecae.

The ances try of M. (U) is cryptic. It differs fro m the earlier Lud fordi an hooded mon ograptids ilatilo
bus/balt icus Zone), by its specific style of the aper tura l apparatus and by the overa ll shape of the
rhabdosome. In this way the species creates a cert ain morphological foundation , common to later members
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Fig. 30
Monograptus (Uncinatograptus) aeer T SEGELNJUK. Distal
par t of the rhabdosome seen laterall y. Mie lnik, dep th

790.55 m, the aeer Zone.

Fig. 29
Mono graptus (Un cinatograptus) acer T SEGELNJUK.

Proximal part of the rhabdo some, showing thecae slight
ly distorted . Mielnik, depth 792.55 m, the aeer Zone.

of the acer- spineus lineage (URBANEK 1994). Its remarka ble resemblance to M. hornyi JAEGER, 1986 is
most probably of the nature of a homeomorphy (see p. 103 herein). A certain similarity to ea lier M.
hamulosus TSEGELNJU K, 1976 is not distinctive enough to draw any conclusion on the ir common ancestry.

The species includes two temporal subspecies: (I ) Monograptus (Uncinatograptus) acer acer (TSE
GELNJUK, 1976), a lower zonal taxon (Fig. 32A, B), characterized mostly by straight proximal thecae and
the degree of curva ture , D < 7°, (2) Monograp tus (Uncinatograptus) acer aculeatus (TSEGELNJUK, 1976),
a higher zonal taxon (Fig. 32C), characterized by proxima l thecae, ei ther stra ight or provi ded with shallow
incisions at the base of the proth eca, as we ll as by the deg ree of curvature, D > 7".

In view of a purely quantitati ve nature of the differences between these subspecies and the presen ce
of num erou s transients, the assignement of particul ar specimens to one of them may cause pro blems .

Stratigraphic distribution. - In the Mielnik core, M. (u.) acer marks a we ll-defined zone, situated
above the latilobus- balticus asse mblage Zo ne and below the protospineus Z011e (Fig. 3) . Its FA is at a
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Fig. 3 1
Monograptus (Uncinatograptus) acer TSEGELNJUK. Thecal morphology and fusellar structure . AI, A2, slightly distorted
aperture of th l seen from both sides ; B, top view of a proximal theca showing a distinctly isolated aper tural port ion ("neck" ,
n); C, fusellar structure of the aperture as seen on a distorted distal theca. Mielnik , depth 792 .55-790.55 m, the acer Zone.

depth of 794.60 m and LA at 774.50 m. However, its vertical distribution is discontinuou s, displaying a
gap within the depth interval of 790.90-780.50 m. Thi s gap is ob viou sly rel ated to the drasti c drop of
diversity of the gra ptolite ass emblage, described above as the second ingression of the dubius faun a (see
p. 97, Fig . 3) . The impoverishment of the assemblage and the temporary dissapp earence of some tax a may
prob abl y be ascribed to a local or region al period of unfavourable environmental condition s. URBANEK
(1995) proposed to draw a demarcation line between the M. (Ui] acer acer lower zona l population s and
the M. (u.) acer aculeatus higher zonal populations at a depth of 780.00 m, some 0.5 m above the level
of the spec ies reappearance. The acer Subzon e comprises the beds between 794.60 and 780.00 m while
the aculeatus Sub zon e occupies the interval of 780.00-774.50 m.

TSEGELNJU K (1976, 1983) distin gui shed none of the two zones within his ample core materi al from
Volhyno-Podolia. Instead , he described both taxa as co-occuring within a single assemblage zone, namely
the caudatuslbalticus Zone. KOREN' has describ ed , from the Kursala Formation of the Southern Tien Shan
(Kyrgystan), a distinctl y curved form identified by her as M. aculeatus (TSEGELNJU K) and accommodated
within her bro adly understoodformosus- spineus Zone. She does not, however, mention M. acer either in
association or belo w the range of M. aculeatus.

Occurrence. - Relati vely newl y erect ed spec ies M. acer (TSEGELNJUK) and the M. aculeatus (TSE
GELNJU K) subs pecies were so far recogni zed in the EEP (TSEGELNJUK 1976, and thi s paper). The latter is
also known to occur in the Tien Shan , the Alai Range (Kyrgys tan, KOREN' in press).
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Fig. 32
Outline drawings of rhabd osomes: A, B, in Monograptus (Uncinata
graptus) aeer aeer (TSEGELNJUK) and C, in Monograptus (Uncinato
graptus) aeer aeuleatus (TSEGELNJUK) . Mielnik, depth 792.55 m,

790.90 m and 774.50 m respecti vel y, the aeer Zone.

Monograptus (Un cinatograptus) protospin eus URBANEK, 1995
(PI. 11: 1, 2; Figs 33, 34)

1966. Monograptus cf. fo rmosus BOUCEK; TELLER, fig . 12.

1995 . Monograptus (Uncinatograptus) protospineus sp. n .; URBANEK, p. 13, figs IB , C, 6A- E, 7A , B.

Holotype : Spec ime n figu red by URBANEK 1995 , fig . 7A , ZPAL G .XVIl/ 1.

Type stratum: Th e epon ym ous zo ne, ove rly ing the acer aculeatus Subzon e and underlyin g the spineus Zone, late
Lud fordian , Late Siluri an .

Material studied. - Six isolated, flattened or semiflattened specimens, including the proximal portion
with a sicula, and short distal fragments of the rhabdosome.

Description. - S i c u I a (Fig. 33) approximately 1.50 mm long, with the apex of the prosicula situated
immediately above the apertural lobe of th l - Pro s i c u I a (psi) 0.53 mm long, with an aperture 0.18 mm
in diameter, provided with an apertural ring (rj ). Faint trace s of some 3 longitudinal thread s visible on
the prosicula.
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Fig. 33
Monograp tus (Uncinatograptus) protospineus U RBA

NEK. Sicular part of the rhabdosorne with fuse llar struc 
ture only partl y visible. Note the ch aracteri st ic antero
lateral processes (alp) on apertural lobe s of the thec ae .

M ielnik, depth 773.50 rn, protospineus Zone.

10.1 mm

th,

vi

Met a sic u I a (msi) 0.95-1.00 mm long, with a
single ring (r2) situated approximately at 1/3 of the total
length of the metasicula. Metasicular aperture 0.41 mm
in diameter, provided with a protruding dorsal process
(dp) , 0.12 mm long. Initial bud placed at a distance of
0.30 mm from the margin of the metasicular aperture.
Virgella strong, 0.80 mm long .

The ca e rather uniform in shape throughout the
rhabdosome, narrow at the base of the protheca
(0.30 mm at th. , 0.45 mm at th3, up to 0 .52 mm in
medial thecae), and rapidly widening towards the aper
ture (metathecae displaying a width of 0.28 mm in
proximal thecae and 0.48 mm, in distal ones) . The ven
tral wall of the theca is gently sigmoidal or almost
straight. Proximal thecae (th t-th2) are 1.15-1.18 mm
long , with the prothecal segment and the metathecal one
attaining a length of 0.90-1.15 mm and 0.15-0.28 mm,
respecti vely. Overlap in most proximal thecae very
small, increasing distalwards to some 1/3.

Apertural apparatus uniform throughout the rhabdo
some and composed of a long (transv.) , horizontally
oriented and strongly protruding apertural lobe (I ) fea
turing characteristic paired anterolateral proce sses (alp)
made up of 3-4 arcuately bent fuselli (Fig . 34; PI. 11:
1, 2). The roof of the lobe is flat and the aperture of the
theca somewhat extruded ventrally, which closely re
sembles the overall morphology observed in M . ( Us )
acer aculeatus. Apertural lobe proper (transv.) is 0.50
mm long in th. 0.66 mm in th2, and 0.69 mm in th -,
The length of the apertural lobe measured in dist al the 
cae is 0.80 mm. The length (long .) of the anterolateral
processes is 0.08 mm in th. 0.15 mm in th,-th3, and
some mm in distal thecae. The presence of these pro
cesses is a species-specific feature. (Fig. 34B2). Readily
discernible on embedded specimens, it may serve as a
diagnostic feature for distinguishing it from other
species of the acer--spineus lineage (URB ANEK 1995).

Rh ab do s 0 m e distinctly dorsally curved (dor
sally concave), with the curvature starting at the apex
of the prosicula. The deviation angle (D) measured as
in other members of the acer-spineus lineage (see
diagram in URB AN EK 1995, Fig. 4) is D=12°. The rhab
dosome gains width rather rapidly, being at the aperture
of th , 0.53 mm, at th2 0.57 mm, and at th, 0.69 mm
wide. It attain s 0.80 mm in width at the apertures of
distal thecae. The overall shape of the rhabdosome re
sembles that of both M. (Ui) acer aculeatus and M. (Ui )
spineliS.

Taxonomic position. - Morphology and stratigraphic occurence define M. (Ui] protospineus as
a transient link between the earlier M. (Ui ) acer aculeatus and the later M. (u. ) spineus, within the
acer-spineus lineage (URBANEK 1995). The directional and gradual character of changes speaks in favour
of phyletic evolution as the mode of evolution within the lineage. The small number of the specimens
recorded and the short time-span of its occurence (as indicated by the small thickness of the interval it
occupies in the Mielnik-l borehole), might suggest that M. (u.) spineu s populations were small in size
and subject to rapid phylogenetic transformations. This interpretation needs to be confirmed by data from
other sites.
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Fig. 34
Monograptus (Uncinatograptus) protosp ineus URBANEK . Structural details of apertural lobes (I) in th r-thj (A - C)

and their antero-lateral processes (alp). Mielnik, depth 773.50 m, protospineus Zone.

While the overall shape of the rhabdo some and the foundations of the apertural apparatus were inherited
without significant changes from the ancestral M. (U.) acer aculeatus, a species-specific novelty is
represented by anterolateral processes, these bein g in turn incipient structures for elab orated apertural
spines so characteristic of clo sely affined M. (U) spineus.

Occurrence. - Known from the EEP and Tien Shan (KOREN ', in pre ss).

Monograptus (Uncinatograptus) spineus (TSEGELNJ UK, 1976)
(PI. 11 : 3-6; PIs 12, 13, Figs 13,35-41)

1976. Acanthograptus spineus sp. n. TSEGELNJUK ; TSEGELNJUK, p. 11 3, pI. 34: 6-9.

1983. Bugograptu s spineus (TSEGELNJUK); TSEGELNJ UK, p. 145, fig. 34.

1988. Monograptus spineus (TSEGELNJU K); KOREN' , RINNENBERG, and LYTOCH KI N, p. 17: 8.

1995. Monograptu s (Uncinatograptus} spineus (TSEGELNJU K) ; URBANEK , p. 3, figs Id , 2, 7C- E.

Type horizon redefined: The eponymous zone overlying the protospineus Zone and underlying a low diversity horizon
immediately below the parultimus Zone, late Ludfordian, Late Silurian. Its zone is sometimes also defined as the fo rmo
sus/spineus Zone.

Material. - 30 well-preserved and isolated, although in most cases flattened or semiflattened frag
ment s of the rhabdosome. Num erous siculae, pro xim al and distal part s of the rhabdosom e.

Description. - Si c u I a (Figs 13, 35, 36; PI. 12: 1-4, 7) straight or very gently ventrally curved,
1.37-1.62 mm long, usually with a well-developed dor sal process and a strong virgell a. The apex of the
prosicul a situated distinctly distally of the apertural lobe of th I'

Pr o si cula (psi) 0.46-D.54 mm long , provided with a distinct apertural ring (r .) . M et a sicula
(msi) 0.85-1.07 mm long, with a single ring (r2)' situated approximately 0.35-0.40 mm from the aperture
of the prosicula. The aperture of the metasicula widens norm ally, attaining a width of 0.30 mm (Fig. 35),
or is somewhat flared - 0.35 wide , because of the tongue -lik e expansion of the dor sal process (Fig. 35B,
dp), which may be as long as 0.15 mm. Initial bud situated at the distance of 0.35-0.40 mm from the
margin of the metasicular aperture. Virgella strong.
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Fig. 35
Monograptus (Uncinatograptus) spineus T SEGEL NJUK . Sicul a and first theca. A, full y grown sicula and incipi ent th I ; B, sicula
and th l with an incomplete (juvenile) aperture; C, fully grown apertural appara tus in th j. Mielnik, depth 760 .15 m, the sp ineus

Zone.

Th e ca e in the proximal part of the rhabdosome reveal a subtriangular base made of the protheca
and the subapertural segment of the metatheca and are provided with strongly developed apertural lobe s,
oriented nearl y horizontally (Fig. 36; PI. 12: I, 2). Ventral wall of proximal thecae is slightly sigmoidal,
with a narrow "neck" (immediately abov e the aperture of the preceding theca), and a somewhat expanded
upper part of the prototheca (forming a "belly"). The length (transv.) of the lobe proper in proximal thecae
attain s 0.18-0.23 mm while in distal ones it is 0.53-0.58 mm and equals or exceeds the width (transv.)
of the rhabdosorne , measured imm ediately above the given aperture.

Apertural lobe proper is made of two series of fuselli , interdigitating in the middle to produce a broad
zig-zag suture (Fig. 37A, Cl ' Cz). The anterior margin of the lobe , situated between the bases of antero
lateral spines, always form s a somewhat protruding area, which I propose to name promontorium (p) . It
is either gently rounded (Fig. 38C" p) or angular and pointed (Fig . 38Cz, p). This situation may be
indicative of a certain tendency in variability, never fully realized in the phylogeny, to develop a trispinose
condition (PI. 13: 6-8). The overall shape of the lobe proper is very similar to that in closely affined
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10.1 mm

Fig. 36
Monograptus (Uncinatog raptus) spineus TSEGELNJUK.
Proximal part of the rhabdoso me as seen on a bleached
specimen. Mielnik-I , depth 760.15 m, the spineus Zone.

M. (U) proto spineus and M. (U) acer aculeatus, but
the pre sence in both the proximal and di stal thec ae
of long , paired apertural spines (Fig s 37-40; PI. 13:
1-2s) gives the the cae a characteristic and even bi
zarre appearance. Spines, situated in the antero-Iat
eral corners of the lobe proper, are made of a number
of superimposed fuselli (Figs 38A, B, 39A, B). They
attain a length of approximately 0.31-0.32 mm in
th., 0.28-0.37 mm in pro ximal thecae, and some
0.50-0.58 mm in distal thecae. However, one cannot
be sure whether they are completely pre served. SEM
micrographs reveal that spines are hollow, (PI. 13:
12h), but this feature might be pre servational due to
the leaching of the fusellar content of the spines .
Owing to flattening, apertural lobes display two dif
ferent states of pre servation : the y are either squeezed
between the spines and oriented downward or
pushed upward (Fig. 40A, B), whi ch results in a
quite different outline of the sa me structure (PI. 13:
3-5, 10; Fig. 4 1).

Rh ab do s 0 m e is di stinctly dorsall y curved
(dorsally conca ve), with the curva ture starting at the
pro sicular aperture. The ang le of deviation (D),
mea sured between the long axi s of the sicula and the
dor sal wall of the rhabd osome along thrth3 (see
diagram in URBANEK 1995: fig . 4) is approximate ly
20- 25°. Spinosity and distinct dor sal curvature are
characteristic features of the spec ies . Although
preserved fragments are incomplete, it appears that
M. (V.) spineus had a moderately long rhabdosome
(observed maximum length is about 10 mm ).

Taxonomic position. - In the light of URBA
NEK'S (1995 ) considerations, M. (U ) spineus may be
con sidered the terminal and most specia lized link
(chronospecies) of the acer- spineus lineage . Its im
mediate forerunner was represented by M . (U)
protospineus ha ving alm ost identical features, except
for the absence of true apertural spines. Th e latter are
the main acquisi tion attained at the spineus stage of
the phyletic evolution (URBANEK 1995).

The lobate- sp ino se apertura l apparatus in M. (V.) spineus is homeomorphic to the priodon-flemin gi
group of Wenlock monograptids, but differ s in the antero-Iateral location of the spines. Th ere fore being
essentia lly homological with the Wen lock spinose represent atives of Monograptu s S.S., it is not identical
in the struc tura l plane ("s tyle") - for details see an extend ed discu ssion p. 109 herein . These minute
differences and the morphocline represent ed by the acer- spin eus lineage leave no doubts that the species
in question and its thecal charac ters origi nated de novo, in the Ludfordian , fro m the uncinatus-like
ancestors. Th at is why I ass ig n the species in question to Monograptus (Uncinatograptus) .

Occurrence. - M. (U) spineus has previously been found in the Meton Hor izon of the boreholes in
Volh ynia (TsEGELNJUK 1976 , 1981) as well as in the Kur sala Formation of Tien Sh an (KOREN' 1992 ).

Stratigraphic distribution. - Common and morphologicall y di stinct , M. (U) spineus is a magn ifi
cient index fossil of the late Lud ford ian (KOREN' 1992 ; URBANEK 1995 and herein, p. 96). However, the
concept of the fo rmosus/spineus Zone as advanced by KOREN' (1986, 1992) is controvers ial. Wh ile spineus
defines a di screte time belt , confined to the upper part of the late Lud fordian , fo rmosus crosses the
Ludfordian into the Pfidol i, Therefore the co nce pt of a con ventional spineus Zone is preferred in this
paper.
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Fig. 37
Monograptus (Uncinatograptus) spineus (TSEGE LNJUK). Structure of the apertural apparatus as seen in different aspects and
states of preservation. A, flattened apertu rallobe in a distal theca seen from the ventra l side; B, semiflattened aperturallobe
in a distal theca, ventral view; Cb Cz , aperturallobe of a proximal theca, ventral and dorsal view s. Mielnik, depth 760.15 m,

the spineus Zone.
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Fig. 38
Monograptu s (Uncinatograptus) spineus (TSEGELNJUK). Fusellar structure of the apertural spine (A, B) and variation in
the shape of the promo ntorium (C ], Cz) in two adjacent thecae (n, n- l ). Mie lnik, depth 760.15 m, the spineus Zone .
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10.1mm

Fig. 39
Monograptus (Uncinatograptus) spineus (TSEGELNJUK) . Fusellar structure of the apertural apparatus examined from the

dorsal (A) and ventral (B) sides . Mieln ik, depth 760.15 m, the spineus Zone.

10.1mm

B

Fig. 40
Monograptus (Uncinatograptus) spineus T SEGELNJUK. Apertural lobes (I) with paired antero-lateral spines (s) flattened
upwards (A) and downw ards (B). Note the "telescopic" appearanc e of the spines made of fuselli (f l- f4 ) . Mielnik, depth

760.15 m, the spineus Zone.
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10.25 mm

Fig. 4 1
Monograptu s (Uncinatograptus) spineu s T SEGELNJUK . A distal fragment of the rhabdosome in the reverse (A)

and obverse (B) view. Mielnik , depth 760. 15 m. the spineus Zone.

In the Mielnik-l borehole M. (U) spineus makes its FA at a depth of 763 .00 m, and its LA at a depth
of 760 .20 m. Its zone is thus 2.80 m thick). There is, however, another but doubtful occurrence at a depth
of 753 .30 m. The stratigraphic range is given in Fig . 3.

Subgenus Monograptus (Dulebograptus) TSEGELNJ UK, 1976
Mono graptus (Dulebograptus) trimorphus TSEGELNJUK, 1976

(PI. 14, Fig . 42)

1976 . Dulebograptu s trimorphu s n. sp. T SEGELNJUK; T SEGELNJUK, p. 100, pl, 32: I.

1978. Dulebograptu s trimorphu s T SEGELNJUK ; T SEGELNJUK . p. 90. pI. 2: I. 6. pl. 3: 1, 3. 5.

1988. Dulebograptu s trimorphu s T SEGELNJUK; T SEGELNJUK. p. 85. pl, (2): 6. 7.

Material. - About 20 fragments of rhabdosom e, from a single sample, all semiflattened or flattened,
usually laterally but some dorso-ventrally. Proximal part s with sicula present.

Description. - Sic u I a (Fig. 42A, B; PI. 14: 3) moderately long ( 1.56- 1.74 mm , including the dorsal
process of metasicul a), in the middle of the metasicular portion slightly curved ventrally. Aperture
provided with a distinct dor sal process of the metasicula (0.10- 0.12 mm long). Apex of prosicula reaches
to the middle of th2 Pro s i c u I a (ps i) with a distinct apertural ring (rl) is 0.42-0.58 mm long. Met a
s i c u I a (msi) is usually provided with a single ring (r2)' although on one specimen a thin additional ring
(r3) was see n. Aperture of the meta sicula measure s 0.12-0.16 mm in diameter and is pro vided with a strong
virgella and a distinct dorsal process. Initial bud situ ated rath er close to the metasicular aperture, at a
distance of 0.19-0.20 mm.

The c a e rather short, first theca being roughly triangular in outline and some 0.83 mm in length
(TSEGELNJUK 1976: p. 100 mentions 1.1 mm). Remainig thecae display a more or less distinct genicular
bending of the ventral wall (Fig . 42; PI. 14: 4) and an increasing degree of overlap distalwards. Medio
distal theca is approximately 2.00 mm long , prothecal segment being some 0.90 mm in length, while the
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Fig. 42
Monog raptus (Dulebograp tus) trimorphus (T SEGELNJUK). Structural details of sicula and proximal thecae (A, B) as well as
distal thecae (C); D, E, fusellar structure of apertural lobe in proximal (D) and medial (E) thecae as seen on detached and

strongly bleached lobes in dorsal view. Mielnik , depth 664.80 m, lochkovensis Zone.

metathecal one is 1.10 mm long. Thecae are provided with characteristically modified (notched) apertural
lobes, which otherwise are of an uncinatograptid appearance.

While notched apertural lobe s are a characteristic feature of M. (Dulebograptus) TSEGELNJUK, their
con siderable astogenetic variation is a species-specific character of M. (D.) trim orphus TSEGELNJUK. First
theca displays an almost regular uncinatograptid shape of the apertural lobe (PI. 14: 1, th.), whereas,
success ive proximal thecae (thr th4) show a distinct medi an incision (notch), reaching its maximum at
th-, Apertural lobe is there almo st bilobate due to a deep notch separating two lateral lappets (PI. 14: 2,
th3) . Distal of th3 the median notch becomes shallower and wider, while the apertural lobe itself is
gradually reduced to a short, roo f-lik e structure (PI. 14: 4, I). Th 7 has its notch reduced to a shallow
incision on the border, and the same is true for the more distal thec ae (PI. 14: I , 51).

TSEGELNJUK (1976, 1978) mentions a complete division of the apertural lobe into paired lateral lobe s
within the proximal part of M. (D.) trim orphus rhabdo some as well as the presence of simple pristio graptid
thecae in its medial and distal part s. Such radic al astogenetic changes were not observed in the material
from the Mielnik-I borecore. Notched apertural lobes always exhibit a rudiment of the free dorsal wall
(e.g. PI. 14: I, th3 or Fig. 42C), while most of the distal thecae observed are still provided with a short
brim-like apertura l lobe, some 0.25 mm wide (PI. 14: 4, 5).

Studying the fusellar structure of the notched aperural lobe s in M. (D.) trimorphus proved to be
a diffi cult task , mainl y because of the preservation al fold due to compression (PI. 14: 6f). Thi s fold
obscures the structural det ails of the central portion of the lobe . From a great number of apertural lobes,
which were detached with a needl e from strongly bleached rhabdosomes, onl y two revealed satisfactorily
their microstructure (Fig. 42D, E). Both the proximal and the med ial thecae feature the presence of a more
or less distin ct notch (n) between two lateral lobes comprisin g 2- 3 fuselli (11 ) and of the lobe proper with
a zig-z ag suture in the middle. The first thec a alone has a regular structure of the uncinatus type , showing
an entire apertural margin .
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Th e degree of the incision , measured by the depth of the notch (n) in the apertural lobe , di spl ays an
irregula r as togene tic variatio n: th , shows no inci sio n, th2 exhibi ts a shallow notch (0.06 mm) and th3 is
deepl y notched (0.22 mm ). Th e succeeding thecae show again a decrease in the degre e of incision: th,
has a notch 0.13 mm deep , and ths di spl ays a notch on ly 0.06 mm deep. More distal thecae reveal notch es
some 0.06-0.05 mm deep. Th erefore, in the degree of incision they are co mparable to th 2. The ancestral,
unmodi fied structure of th . may speak for a distal introducti on of the novel trait (notch) , altho ug h the
ex pre ssivity of thi s trait does not follow a sing le gradient as does the majority of othe r thecal cha racters .

Rh a b d o s 0 m e is straight except for a slig ht ventral curvature of the sicular part . Th e width of the
rhabdosom e at the apertura l level of th , is 0.42 mm , while the wi des t ob served distal part s measured
0.87 mm.

Taxonomic position. - TSEGELNJU K (1976, 1978) co ns ide red hi s Dulebograptus a deri vati ve of the
uncin atu s stoc k. Thi s view seems well-g rounded and is supported by the structure of most proximal the cae
having a distinct uncinatus-like appearance. This resemblance of most proximal thecae to the presumed
ancestor may be ex plained as a recapitulatory effec t in the as togeny (compare Pi s 7 , 8: 9 and PI. 14: I).

TSEGELNJUK (1976, 1978, 1988) adva nced a hyp oth esis asc ribing his Dulebograptus an important phylo
genetic role , nam ely the role of the ancestor of some adva nced Pfidoli neocolonograptids. In view of the
latest version of thi s hypothesis (TSEGELNJUK 1988), M. (D.) trimorphus is considered the immediate ances tor
of Neocolonograptus lochkovensis as we ll as of morphologically advanced varie ties of N. ultimus (d istin
guished by TSEGELNJUK as a separate species, namely his vetus i . Such advanced neocolonograptids were
envisaged by TSEGELNJUK as representatives of genus Skalograpt us, in co ntrast to less spec ialized forms
(such as pa rultimus and ultimus s.s.) classified as a new genus !strograptu s. Therefore, acco rding to TSE
GELNJUK, Duleboraptus is an intermediate link between true lobate uncin ato graptids and bilob ate Skalograp
tus. The latter is believed to have appeared by the splitting of the notched ape rtural lobe of Dulebograptus.

A quite di fferent view on the re lationship between bilob ate and hood ed Pfidoli mon ograpt ids was
ex pres sed by RICKARDS et al. (1977 : p. 78). According to them, hood ed biform and uniform rhabdosomes
or iginated by dorsal coalescence of pa ired lateral lappets observed in the ultimus Group. Th is view may
easi ly be ex tended onto M. (Dulebo graptus) inter pret ing them as an imme diate effect of suc h coalescence.
Th e presence of Dulebograpus-like phenodevian ts in N. lochkovensis rhabdosomes is suggestive of
morphogenetic equivalen ce bet ween bilob ate and hooded apertura l devices (see discu ssion , p. 108 herein).

It is di ff icult to evaluate these two co ntradictory view poin ts on the ph ylogen y of Late Silurian
mon ograptids. Both fit so me morphol ogic and astogenetic data and ther efore seem possibl e for formal,
co mparative ana to mica l reasons, but none is sufficient to ex plain the real phylogeneti c relati on s . Th e
probl em is, however , which of the two suggested path ways wa s rea lize d in the co urse of the evolutio n.
Neither of the hypotheses in qu estion is suppo rted by an unbrok en sequence of changes (a morphocline),
thu s pro viding an empirica l evidence of its verit y.

Th e hyp oth esis of the splitt ing of the primarily sing le, difusellar apertural lobe into paired apertura l
lob es, as advanced by TSEGELNJ UK (1976, 1978, 1988) see ms tempting based so lely on M. (D.) trim orphus.
Seen agains t a wide r background, it proves to be un sati sfactory. First of all M. (D.) trim orphus appears
too late to be cons ide red an ancestor of advance d neocolonograptids - the latter appear earlier than their
presu med forerunner. Moreover , M. (D.) trimo rphus displ ays so me spec ializa tion in the thecal struc ture
(ge nicular bending), which prevent s its being regard ed the imme dia te ancestor of N. lochkovensis. Th e
for mer also ex hibits the presence of two black rin gs on the sic ula, whereas the porus ring charac te ris tic
of the siculae in N. lochkovensis is lacking. Thi s fac t seems to indicate a different tre nd in the evolutio n
of the sicula. TSEGELNJUK'S rea son ing pays no attention to the important ev ide nce presented by JAEGER
(1975 , 1986) on a very early appearance of incipient paired laterallappets and thei r gradua l development
with in the paru ltimus-ultimus-lochkovensis lineage.

Also KOREN' and LYTOCHKI N (1992) interpre ted these species as a single evolutionary line . In view of
this evidence, TSEGELNJUK'S idea on separating lochkovensis fro m the rest of the lineage and asc ribing it
a qui te separate ancestry seems unconvincing to me.

On the othe r hand, the coalesce nce theory is theoreti call y possible and seems partly supported by the
finding of Dulebograptus-use deviant s in N. lochkovensis rhabd osomes (see p. 179). Ther e is little doubt,
however, that such monstrositi es rep resent only phenodeviant s and per se cannot be regarded as the
material for a future evolutionary cha nge . The cru cial evi de nce for the theor y in qu esti on , nam ely
a morph ocline bridgin g the ga p between bilob ate and lob ate mon ograptids in the Pridol i, has not been
reco gnized ye t, and I con sider Dulebograptus and Neocolonog raptus as unrel ated and representing sep
ara te linea ges.
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Stratigraphic distribution. - M. (D.) trimorphu s was described from the Skala Stage (Skalian) of
Volhynia and Podolia. TSEGELNJ UK (1976) mentioned it from the Gushcha-4015 boring and referred the
species to the upper part of the Milovanov suite.

In the Mielnik-l bore core, M. (D.) trimorphus made its first appearance at a depth of 665 .80 m, within
the well -defined lochkovensis Zone. It occupies a narrow band, approximately I m thick. It is the first
hooded Monograptu s to reappear after the spineus Event, which resulted in a distinct Lazarus effect for
this group of monograptids. The same role in Barrandian was played by M. (U.) pridoliensis, which appears
within the lochkovensis Zone and subdivides the zone into lower and upper Subzones (JAEGER 1986).

Occurrence: Dulebograptids are known only from the EEP, they were not found in the Barrandian
and are not mentioned in faunal assemblages from the Tien Shan by KOREN ' and LYTOCHKIN (1992).

Subfamily Pristiograptinae GDRICH, 1908
Genus Pristiograptu s JAEKEL, 1889

Pristiograptu s dubius dubius (SUESS, 1851) s.l.
(PI. 15: 1-4, 7; Fig . 43)

1851. Grapt olithus dubius n. sp.; S UESS, p. 115, pI. 9: 5a, b.

1933. Monograptus dub ius (S UESS); Cox, pp. 42 1--425, te xt-figs 1-1 6, pI. 11.
1943. Pristiograptu s dubius (S UESS); P RIBYL, p. 4, pl. I: 4-6.
1953. Pristiograptus (P.) dub ius cf. dubi us (S UESS); U RBANEK, pp. 101-102 (Fre nc h te xt), te xt-fig . 8.
1953. Monograptus dubiu s (S UESS); W ALKER, pp. 365-370, text -figs 2, 3.
1955. Monograptu s dubiu s (S UESS); K UEHNE, pp. 360-365, text -fig . 2.
1958. Pristiograptus dubius (S UESS); URBANEK, p. 83, pl , 5, te xt-figs 1, 2, text-pl , 7, te xt-fig . 57.
1991. Monograptu s dubiu s freq uens (JA EKEL); J AEGER, p. 314, fig . 25: 9, 11, 15.

Material. - A few dozens of specimens, mostly proximal and medial part s of rhabdo some, flatt ened,
semiflattened and 3-dimensionaI.

Description. - The species in que stion has been described many times, including isolated specimens
(Cox 1933; WALK ER 1953; URBANEK 1953, 1958; KUEH NE 1955 ; JAEGER 1991). In most of the features,
specimens from the late Ludfordian of the Mielnik wellcore are similar to the f requens morphotype
characteristic for Gorstian popul ations and therefore are described tent alively as cf. f erquens.

Sic u I a (Fig. 43C-D, PI. 15: 1, 2), gently ventrally curved or almost straight, is 1.80-2.2 mm long.
Its prosicular apex reaches up to the level somewhat above the aperture of th I '

Pro s ic u I a , 0.38-0.46 mm long , is provided with a distinct apertural ring (r .), M et a s ic u I a with
a length of 1.41-1.48 mm atta ins a width of 0.30-0.33 mm at its aperture featuring a moderate dor sal
process, 0.13-0.15 mm in length . Remarkabl e features of the sicula are its fixed 3-ring pattern (Fig.
43A-D) and a steady relation of the point of the virgella origin to the second ring (r2' Fig. 43A, B).
Position of the sicula within the proximal part of the rhabdosome is shown in Fig. 43C, D. Initial bud is
situated at a distance of 0.20-0.23 mm from the margin of the metasicular aperture.

The ca e are tubular, rather long and narrow with their apertures slightly oblique to the long axis of
the rhabdosome (PI. 15: 1- 3). First thec a 1.15 mm long, with the diameter of the aperture 0.30 mm .
Apertural margin s are obliquely placed in relation to the main rhabdosome axis and have onl y a narrow
thickenin g.

Rh ab do s 0 m e straight, slowly gaining in width (0.5 mm above th I and 0.80 mm above ths).
Periderm, evidently with out a thick cortical deposit, frequently reveals the fusellar structure without
bleachin g (PI. 15: 1, 3,4).

Stratigraphic distribution. - This ubiquitous and long-la sting species, which made its first appearance
in the riccartonensis Zone of the early Wenlock (middle Sheinwoodian), continues throu gh the entire Ludlow
and reach es as high as the perneri Zone in the late Pfidoli (KOREN ' 1986a; JAEGER 1991). In the Late Siluri an,
it is commonly associated with almo st every species as an accessory element of the assembl age, being
a dominant or subdominant species in characteristic, impoverished asse mblages usually also containing
Linograptus posthumus and called in the present paper "dubius fauna" (p. 97). Common or numerous in the
late Ludfordian, it is rather rare within the parultimus-lochkovensis interval of the Pi'idoli.

More or less clearl y defined zonal variants are produced due to the appearance of minor trait s,
characteristic of certain hori zons. The se zonal variants, usually recognized as subspecies, were recently
discussed by JAEGER (1991 : pp . 313-316). Some such forms are, however, merely astogenetic and
pre servational variants. In the material presented herein, the appearance of form s with a robu st, rod-like



158

vi

A

ADAM URBA NEK

Fig. 43
Pristiograptus dubius ci .frequens JAEKEL. Growth of sicula (A, B) and early stages of astoge ny (C, D) as well as an aper

tural border of theca (E) . Note the fixed 3-ring pattern of sicula (rr-rv). Mielnik -I , depth 786.50 rn, acer Zone.

or tubular virgula (PI. 15: 7a, b, v) is character istic of the interval of 815. 10-802 .70 m (lat ilobuslbalticus
Zone, ingression of the 1st dubiu s fauna as defined above, p. 97). Some intervals displa y the predominance
of rather robu st morphotypes or form s with a strikingly thick apertural margin , followed later by the
re-appearance of standard dubiu s morphotyp es which do not differ from the Gorstian ones, commonly
regarded as P. dubius frequ ens and representing a gracile morphotype (e.g. labiatu s case described below).
Stati sticall y, these latter form s are most common in the majority of asse mblages. The only note worth y
difference is the number of sicular rings (annuli, see below) by which late Ludfordian populations of P.
dubiu s differ from the Gorstian ones. Thi s gracile morphotype is defined in the present paper as P. dubius
cf. [req uens (Fig. 43), but more studies are needed to define its taxonomic position.

The presence of this species in assoc iation with variou s mono graptids together with its presence in
low diversity assemblages may reflect its eurybiotic nature and lack of specia lizations.
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Systematic position. - P. dubius played an important role in the phylogeny of Late Silurian mono
graptids due to its double role of a conservative survivor and the ancestor of new evolutionary lineages
(KOREN ' and URBANEK 1994; URBAN EK 1996). Through most of its stratigraphic range P. dubius frequently
occurs without undergoing any significant changes. This stability of phenotypic traits and persistence
through time, provide substantion for the dub ius stem lineage concept (KOREN' and URBANEK 1994). The
prolonged stasis condition gives way to short periods of speciation (splitting of the stem lineage),
producing more or less defined descendant species or subspecies (especially after the lundgreni Event
when the so-called "early schism" initiated a true adaptive radiation, KOREN' and URBANEK 1994; and to
a lesser degree after the kozlowskii Event and the spineus Event, URBANEK 1995). A simplified history of
the P. dub ius lineage seen in the light of recent studies is shown in Fig. 6.

Otherwise, during the periods of stasis P. dubius populations reveal quite an amount of variation,
expressed i.a . in the degree of robustness of the rhabdosome. These changes did not achieve any evol
utionary significance, as the relatively gracile morphotype, which does not differ much from those
characteristic of Gorstian populations, would re-appear after the relatively long intervals dominated by
more robust types. This would appear to exemplify the zig-zag mode of microevolution, with oscillating
shifts of the mean value in time, although the migration of different ecotypes or microgeographic races
onto the given area may also be responsible for the effect in question. More studies are necessary for any
definite conclusion on this phenomenon.

There is, however, one remarkable difference between late Ludfordian and stratigraphically older
populations of P. dubius, namely in the number of black rings (annuli) in the sicula. While Gorstian
populations are characterized by a great amount of variation in this respect (0-8 rings in a sicula!) with
a distinct predominance of multiannular forms, the late Ludfordian populations display a uniform presence
of only three rings , rl situated at the boundary of pro- and metasicula, and r3 placed close to the primary
notch area (Fig. 43A, C, D). The significance of this condition is discused on p. 117. Moreover, the
3-ringed sicula is preserved in P. dubius derived taxa, behaving as a token , an "emblem-trait" of the latest
Silurian pristiograptids.

A widely used practise to identify this species as P. dubius s.1. is justified in view of its considerable
variation in minor traits combined with the preservation of its main features. Some of these traits, such as
extreme robustness or extremely thickened apertural margins are accepted in the present paper as diagnostic
characters of separate subspecies (P. dubius fragmentalis, P. dubius labiatus subsp. n.). Although the overall
differences are small, they are segregated in time, which makes these taxa useful stratigraphically.

Pristiograptus dubius fragmentalis (BOUCEK, 1936)
(PI. 15: 5, 6)

1936. Monograptus fragmentalis sp. n. BOUCEK,; BOUCEK, p. 7, text-fig. II-n .

1943. Pristiograptus fragmentalis (BO UCEK); PRIBYL, p. 25, text -fig . HR-5.

1976. Pristiograptus fragmentalis (BO UCEK); BOUCEK, MIHAJLOVI C and VESELlNOVIC, pp. 88-91, pI. 2: 1-7, pI. 3: 1, text-fig.
2a--e.

1986. Monograptus fra gmentalis BOUCEK; JAEGER, p. 316 , pI. 2: 14-18,20,21.

1988. Pristio graptus fragmentalis (BOUCEK); KOREN', RINNENBERG and LYTOCHKIN, p. 17, text-fig. 14.

Material. - Several fragments of adult rhabdosomes, mostly semiflattened, juvenile growth stages rare.
Description. - Sicula 1.80-2.20 mm long, with an aperture 0.40 mm in diameter and a dorsal process

0.15 mm in length . Apex of the sicula reaches just above the aperture of th I' Thecae as in the P. dubius
standard morph . Rhabdosome straight, robust with a width of 0.65-0.80 mm immediately above th. and
1.25-1.30 mm immediately beyond ths (measured on semiflattened specimens).

Systematic position. - The close relationship of P. dubius fragmentalis to typical P. dubius is beyond
any doubt. The subspecies differs from the type subspecies in the overall size, a greater maximum width
and a more rapid increase in width in the growth of the rhabdosome. JAEGER (1986: p. 316) characterizes
P. dubius [ragmentalis simply as a giant dub ius and emphasizes that the juvenile stages of both taxa cannot
be discriminated.

This purely quantitative nature of specific charactes implies a subspecific rank of P. [ragmentalis. This
taxonomic decision by no means undermines its relatively high strati graphic value, as the fragmentalis
morphotype (large and robust dubius-like form) is highly characteristic of the latest Ludlow beds .

After its origination from the conservative dubiu s stem lineage, it attained probably no more than
a semispecies stage, and its divergence from the ancestral taxon was a modest one .
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Stratigraphic distribution. - In Mielnik-I borecore, rhabdosomes with a "fragmentalis" appearance
are confined to the latilobus-balticus Zone (FA at a depth of 821.00 m and LA at a depth of 819.40 m).
They are not particularly abundant. In the Kopanina Formation of the Prague Basin and in Kursala
Formation of the Alai Range, the subspecies is much more abundant and in some horizons even dominant.
In Barrandian, it is a characteristic fossil for the uppermost zone of the Kopanina Formation. It is even
recorded in association with N. parultimus in Serbia (BOUCEK et af. 1976) and in Central Asia (KOREN'
in print ) and therefore crosses the Ludlow/Pfidoli boundary.

Occurrence. - P. dubius fra gmentali s is known from Europe (Barrandian, the Ruj Mountains in
Serbia) and from Central Asia (Turkestan, the Alai Range).

Pristiograptus dubius labiatus subsp. n.
(Pi. 16: 1-11 , Fig. 44A-D)

Holotype: Specimen figured on PI. 16: I. 2. ZPAL G.XIXlI .

Type stratum: The spineus Zone and the spineus-parultimus Interz one.

Diagnosis. - Pristiograptus from the dubius group, with exceedingly thickened apertural margins of
the thecae, forming a kind of brim.

Derivation of name : From L. labium , lip .

D

c

10.1 mm

10.5 mm

tal

10.5 mm

B

Fig. 44
Pristiograptus dubiu s labiatus subsp. n. Proximal (A) and distal (B) part of the rhabdosorne, as well as the det ails

of the thickened apertural lip (tal; C, D) . Mielnik, depth 759.50 m, the spineus Zone .
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Material. - A few dozens of specimens, mostly semiflattened, rarely 3-dimensional, including growth
stages of the sicula, and proximal and distal fragments of the rhabdosome.

Description. - Morphology, proportions and dimensions do not differ from standard P. dubius s.1. as
described above (PI. 16: I, 2, Fig . 44A , B), except for the presence of unusually strongly developed
apertural margins of thecae (PI. 16: 3-9, m, Fig . 44C, D, tal) and, to a lesser degree, the apertural margin
of the metasicula (PI. 16: 5) . These thickened apertural lips are made of a heavy cortical deposit, which
in higher magnification SEM 's may be resolved into coarse cortical fibrils, oriented normally to the surface
of the lip (PI. 16: 10, 11, m, fb). They are distinctly thicker than apertural lips seen in standard dubius
morph (compare PI. 16: 12) and are considered the main diagnostic feature of the subspecies. Moreover,
in most cases apertural border appears gently undulated (Fig. 44A-D).

Taxonomic position. - The overall morphology leaves no doubt that P. dubius labiatus subsp. n. is
a little-specialized derivative of the dubius stem lineage. The 3-ring pattern of sicula (Fig. 44A, sic) and
its FA (depth 760 .60 m, spineus Zone) leave no doubt that ancestral populations should be assigned to P.
dubius of the late Ludfordian type, after the "sicular revolution". The biological status of P. dubius labiatus
subsp . n. is difficult to define. It is distinguished herein as a subspecies in view of its morphological
characteristics and stratigraphic confinement to a certain interval.

Stratigraphic distribution. - Pristiograptids with the labiatus morphology were recognized in the
Mielnik wellcore in the interval between 761.75-727.70 m, overlapping the M. (u.) spineus TSEGELNJUK
range, and the lower part of the 3rd ingre ssion of the dubius fauna as defined above. From the beginning,
this impoverished faunal assemblage is composed of P. dubius labiatus subsp. n. In some layers, P. dubius
labiatus subsp. n. displays a mass occurrence (e.g. at a depth of 757 .15 m. and in its LA). Like other P.
dubius subspecies, the new subspecies locally defines a clearly cut time interval, being preceded and
replaced by the standard dubius morph (see Fig. 3).

Genus Pseudomonoclimacis MIKHAJLOVA, 1976
Pseudomonoclimacis latilobus (TSEGELNJ UK, 1976)

(Pis 17-19, Figs 45--47)

1976. Colonog raptus latil obus n. sp. T SEGELNJUK ; T SEGELNJUK, p. 109, pI. 29: 9-11.
1983 . Saet ograptus (Colonog raptus] insignitus n. sp. PRII3YL; PRIBYL, p. 160, pI. 1: 3-8, pI. 4: 11 -13.
1988. Ludensograptus latilobu s (TSEGE LNJUK); T SEGELNJUK , p. 82, text-fig . 3.

1988. Mono graptus latil obu s (TSEGELNJUK); K OREN' , RI NENBERG and L YTOCHKI N, p. 17, text-figs 9-10.

Material. - Some 30 fragments of rhabdosomes, semi flattened and 3-dimensionally preserved,
including early stages of astogeny.

Description. - Sic u I a long (1.80-2.12 mm), slightly ventrally curved, with its apex reaching to
the level of the thz aperture. Pro sic u I a (psi) measuring 0.45-0.60 mm in length, provided with an
apertural ring (rj) . Met a sic u I a (msi) 1.52-1.59 mm long , with a usually rather short and blunt dorsal
proce ss (0 .09 - 0.15 mm long) , sometimes stronger and pointed. Diameter of the metasicular aperture
0.36-0.45 mm , initial bud situated at a distance of 0.18-0.27 mm from the metasicular aperture. Metasicula
provided with two (rz, r3) or a single apertural ring (rz) and a fairly strong virgella, 0.6 mm long. (Figs
45A, 46; PI. 17: 1--4).

The c a e , having an essentially pristiograptid appearance, displaying quite an amount of variation in
the degree of expression of a number of characters which are species-specific. For descriptive purposes
one could distinguish (I) a less advanced (PI. 19) and (2) a more advanced morphotype (Pis 17, 18).
Gerontic growth stages (PI. 19: 6), with a robust appearance due to heavy secondary deposits and
obliteration of some thecal characters add an additional dimension to the variation observed.

In three- dimensionally preserved specimens, th. is tubular, in flattened ones , somewhat triangular in
outline. Its aperture in (I) has a gently undulated margin (PI. 19: 1-5), while in (2) it is provided with
distinct paired lobes (PI. 17: 1,2,5; PI. 18: 1--4). Its ventral wall and, in some cases, the ventral walls of
thz-th3 are straight. However, starting from thz, thecae exhibit to various degrees an excavation (e) of the
ventral wall, comparable with that in Wenlock Monoclimacis or Gorstian-eariy Ludfordian Pseud. da
lejensis (= M. haupti) . This excavation is bordered by a hoof-shaped angular thickening (PI. 17: 7-ge,
ex) . Due to the ventral excavation, thecae display a gentle genicular bending situated at the level of the
pro- and metatheca boundary and especially well seen on naturally split rhabdosomes (PI. 15: 8, ex), where
it is emphasized by a roll-like thickening . Distal, mature or gerontic thecae show, in the their upper parts,
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Fig. 45
Pseudomonoclimacis latilobus (TSEGELNJUK). Sicular part of a growing rhabdosorne (A\) and details of the fuse llar structure:
of the initial bud (A2) , aperture of th ] (A]) as well as the shape of rnetasic ular aperture (A 4) with a dist inct dorsal process

(dp). Mielnik, depth 820.30 m, balt icus/latilobus Zone .

above the ventral excavation, a flat surface, a kind of a shield bordered by a thickenin g with a hoof-like
outline (PI. 17: 7-9). This structure produ ces an appearance characteristic of this species.

Aperture is characteristically elaborated due to undulations (elevations) of the apertural margin , bor
dered by a single ventral notch and paired lateral incisions (PI. 17: 7-10; PI. 19: 14; Fig. 47e, n, In). While
the ventral notch (n) is usually shallow, lateral incisions (li) are distinctly deeper. Their presence is also
a characteri stic feature of Pseud. latilobus thecal aperture, which distinguishes it from the Pfidoli ultimu s
Group. The degree of express ion of undulation decreases distalwards in the given rhabdosome, until it
acquires the form of a gentle elevation (PI. 17: 5, 6, PI. 18: 7, 8, Fig. 47).

Astogenetic changes are also expresse d as a gradual elongation of thecae. While th. is 1.14 mm long,
the distal thecae measure 1.90 mm from their base to the lower armpit of the lateral incision , and some
2.60 mm from the base to the ventral border of the aperture .

Moreover, in spite of a considerable variation observed in eac h sample, there is no progression in the
degree of undulation upwards in the stratigraphic column. Quite to the contrary, earlier populations
(Mielnik- l borecore, depth 82 1.60 m) exhibit a higher expressivity of thecal characters, e.g. a strong
development of undulations of the aperture, deep excavations etc.) . Most proximal thecae, especi ally th I '

resemble the apertural lappets seen in Colonograptus colonus ( U RBANE K, 1958) or in Neocolonograptus
ultimus (JAEGE R, 1986). There is no question, however, about the homeomorphic nature of these resem
blance s.
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Fig. 46
Pseudom onoclimacis latilobus (TSE
GELNJUK) . Proximal part of the rhabdo
some as seen on a bleached specimen.
Mielnik , depth 820.30 m, latilobus/bal-

ticus Zone.

10.1 mm

vStrati graphically younger samples (depth 819.25 m) represent
morphologically the less advanced morphotype. Th,-th3 show onl y
a gentle undulation of the aperture, and thrth3 display a very slight
ventral excavation. While the size of the apertural lateral elevations
remains unchanged, they become better expressed due to a deeper
ventral and lateral inci sion s. The general habitus of such morpho
types resembles to some ext ent N. parultimus from the earliest Pfi
doli , although there is no doubt about their specific distinctness (see
p. 106).

It is difficult to judge how much attention should be given to the
observed "rever se" ord er of morphological changes in the Mielnik-1
mate rial. The most probable expl anation see ms to be that they rep
resent random statistica l fluctuations (errors in sampling) due to the
limited size of core samples. Most probably, natural populations of
Pseud. latilobus always included large spectrum of variation, being
composed of the mor e and less advanced morphotype s as defined
above.

The thec al characters described above are subject to profound
gerontic changes. Due to the deposition of ample secondary skeletal
material (probably in the form of cortical bandages), rhabdosomes
were changing their appearance and size, becoming more robu st
(PI. 19: 6) with age . As in many other monograptids, such gero ntic
spec ime ns may be difficult to identify because of the obliteration of
some diagno stic features.

Rh a b do s 0 m e is stra ight, quickly gaining in width: the width
of the rhabdosome above th. is 0.7-0.8 mm , mea suring 1.1 mm
above ths) and reaching 1.15 mm in the distal part (TSEGELNJUK 1976
mentions 2.3-2.6 mm for the most distal portion ob served).

Taxonomic position. - Specimens from the Mielnik-I borecore
identified herein as Pseud. latilobus TSEGELNJ UK reveal a close simi
larit y to the TSEGELNJU K'S spec imens described from Volhynia
(1976 : pI. 29 : 9-11 and especially 1978: pI. 1: 4, 6) both in the the cal
characters and in the essential size parameters. Moreover, com
parative studies on PRIBYL 's (1983) ori gin al material from Velki vrch
Hill near Kon epru sy (Barrandian, Cent ral Bohemia) as well as on
some additional material from thi s localit y mad e avaiable by Dr. P.
STORCH (1993) clearly ind icate that Saetograptus (Colonograptus )
insign itus PRIBYL 1983 is a junior synonyme of TSEGELNJUK'S
species . Hence, the insignitu s Zone distingui shed within the Kop ani
na Formation by PRI BYL (1983 : p. 154) is an equiva lent of the
lat ilobus/balticus Zone as defin ed above.

The ancestry of Pseud. latilobus is uncl ear. It either repres ents
a deriv ative of the co nservative dubiu s stem lineage (URBANE K 1995) or originate s from Pseud. dalejensis
(Boucsx 1936). For the time being the latter hypothesis has been given preference in the pre sent paper
(see p. 108) because of the grea ter parsimony of evolutionary steps needed to transform the hypothetical
ances tor into the descendant Pseud. latilobus. Especiall y the genicular bending and excavation could be
transmitted and not invent ed de novo. However, JAEGER ( 1978) observed that rare gerontic specimens of
Pseud. dalejensis developed certain unexpected traits (sec ondary apertural hoods or rim s), whi ch he
co nsidered features of spec ializa tion. At the present state of knowl edge it is difficult to evaluate the
phylogenetic significa nce of gerontic thecal characters (Pseud. latilobus itself displays advanced gero ntic
grow th stages, see above). But it is true that the or igin of Pseud. dalej ensis, if not crypti c, poses ce rtain
probl ems. URBANEK (1958) was convinced that because of its ventra l excavations Pseud. dalejensis
represented a Wenlock rel ic affined to Monoclimacis FRECH . At some time this view was forcefully
criticised by JAEGER (195 9) who emphas ized the incompletness of the Monoclimacis record across the
lundgreni-ludensis interval. However, aft er the recognition of the Lazaru s effec t (JABLONSKI 1986) and
its role in the faunal turn-overs in graptolites (URBANEK 1993), thi s argument lost its previ ous significa nce.
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Fig. 47
Pseudomonoclimacis latilobus (TSEGE LNJU K) . Medial
fragment of the rhabdosome seen in ventral (A) and
lateral (B) view. Mielnik, depth 820.30 m, latilo-

buslbalticus Zone.

Moreover, in the meantime we have also learned how easily such traits as the ventral excavation may be
independently acquired in non-related lineages (compare p. 127). Thu s, Pseud. dal ejensis, which differs
from P. dubius mainly in a certain reduction of size and in the appearance of the ventral wall , may equally
well be deri ved from the con serv ative dub ius stock, the source of many new line age s throughout the Late
Silurian (KOREN' and URBANEK 1994 ; URBANEK 1995). It is, how ever, now quite cle ar that the micropoma
Group of Ludlow monograptids represent s a Lazarus taxon which escaped ma ss extinction in the Homerian
(URBANEK 1993). Whether dalej ensis is related to this group is an open que stion.

For the reason s already stated (p. 108), I consider the assignement of Pseud. latilobu s to TSEGELNJUK'S
(1978) genus Ludensograptus unju stifi ed . Also PRIB YL's (1983 ) assignement of this species to Colon o
graptus is based on obsolete data.

A deceptive homeomorphy of Pseud. latilobu s to the ultimus Group of Pfidoli monograptids was the
source of quit e a number of erroneous opinions. URBANEK ( 1970: p. 182) for example, identified, at the
preliminary stage of his studies on Mielnik-I material , Pseud. latilobus as N. ultimus (PERNER). The same
standpoint resulted in the incomplete und erstanding of the succession of faun al elements through the
Ludfordian/Pfidoli boundary in URBANEK 'S (1993) paper, dealin g with biotic cri ses in the history of the
Upper Silurian graptoloids (see also p. 104 herein). As a matter of fact, Pseud. latilob us is very similar
to N. parult imus-N. ult imus group of spec ies in its overall appearanc e, but differs from it in structural
deta ils (the former is more robust, it widens more rapidly and has distin ct lateral incision s at the aperture,
that are lacking in the latter). Pseud. latilobu s is also too spec ialized (advanced) to be considered the
ance stor of the earl y Pfidoli bilobate species . Moreover, the development of the monograptid fauna across
the Ludfordian/Pfidoli boundary is pun ctuated by the sp ineus Event (p. 106 herein).

Stratigraphic distribution. - In the Mielnik-1 core, Pseud. latil obus in ass oc iation with Pristi ograp
tus dubiusfragmentalis (BOUCEK, 1936) and M. (Slov inograptus ) hamulosus TSEGELNJUK, 1976 make s its
FA at a depth of 893.00 m. In this way it initiated the ingression of a new, late Ludfordian graptoloid
fauna, after the kozlowskii Event. Its LA is observed at a depth of 809.15 m, whil e its single still higher
occurrence (depth 787.00 m) is uncertain as far as the identification is concerned. Thu s practically the
entire range of Pseud. latilobu s falls below the M. (Ui ] acer range and is separated from it by a certain
gap (Fig. 3 herein and URBANEK 1995: fig . 3). It is frequently associated with M. (S.) balticus TELLER,
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1966 and M. (F.)formosus BOUCEK, 1931. It therefore seems convenient to consider the species in question
to be one of the index species of a single assemblage zone, namely the latilobus/balticus Zone (URBANEK
1995). A similar stratigraphic range of Pseud. latilobus is observed in Volhyno-Podolia (TSEGELNJUK 1976,
1981), where the associated monograptid fauna is even richer, as well as in the Kursala Formation of the
Alai Range in Tien Shan (KOREN' and LYTOCHKIN 1992).

Occurrence. - Pseud. latilobus has been reported from a few regions only, namely from the EEP and
from the Kopanina Formation, Barrandian [described by PRIBYL 1983: p. 160, as Saetograptus (Colono
graptus) insignitusi, as well as from Central Asia (the Kursala Formation of the Alai Range, Tien Shan,
KOREN' and LYTOCHKIN 1992; KOREN' and SUYARKOVA 1994).

Genus Istrograptus TSEGELNJUK, 1976
Istrograptus transgrediens rarus (TELLER, 1964)

(PI. 20: 1-5, Fig . 8E)

1964. Pristiograptus rarus n.sp.; TELLER, p. 38, pI. 9: 10-12 , text-fig. 3a-e.
1976. Skalograptus rarus (TELLER) ; T SEGELNJUK, p. 102, pI. 32: 6-9.

Material. - Several specimens, mostly flattened.
Description. - Sic u I a (PI. 20: 1-5), rather robust, is 2.00-2.45 mm long, slightly ventrally curved

and provided with a fixed number of three sicular rings . Prosicular apex reaches up to the level of thz
aperture.

Prosicula, 0.60 mm long, has a distinct apertural ring (r.), Metasicula is 1.40-1.85 mm in
length and displays two rings (rz , r3)' a fairly wide aperture (0.47 mm) and a strong dorsal apertural process
(0.30-0.45 mm long). Initial bud is situated at a distnce of 0.25-0.30 mm from the apertural margin of
the metasicula.

The c a e approximately triangular in outline. First theca (th.) usually with a characteristic concave
profile (PI. 20: 2, 3). of its ventral wall, being inclined toward the long rhabdosome axis at 60° in it:; basal
part and at 70°, at its apertural portion. This shape of th1 is a "token" of the transgrediens group of species
(lstrograptus TSEGELNJUK). The apertural margin of th, has a roll-like thickening and a gentle lateral
undulation due to the presence of bilateral elevations, some 0.12 mm high, separated by a shallow ventral
notch . Similar elevations, decreasing in size, are present in thz-th4. Long axes of these elevations are
oriented postero-ventrally, which is another characteristic feature of the transgrediens lineage (Fig. 8E,
arrowed). Apertures of ths and the succeeding thecae are nearly straight.

Rh ab dos 0 m e straight, gradually gaining in width (0.7 mm above the level of th I and 0.9 mm,
above ths)'

Taxonomic position. - The morphology and stratigraphic occurrence define this form as an early
representative of the transgrediens group, with the greatest similarity to P. rarus TELLER, 1964. The nature
of this monograptid has been recently revised by TELLER (this volume, p. 74), and it is now considered
to be the initial member of the transgrediens lineage. Evidence that this lineage started to operate as early
as the ultimus Zone, was presented by JAEGER (1986 : p. 328). He also considered it likely that the
long-lasting transgrediens stock was represented by more than one zonal variety . This view has been
developed by TELLER (this volume) who recognized rarus-chelmiensis and samsonowiczi as successive
links of the lineage terminating with true transgrediens. TSEGELNJUK (1988) assigned both"Pristiograp
tus" rarus and "P." transgrediens to his genus Istrograptus, which, in my opinion, is a valid decision, as
they share a number of common traits and at the same time differ from ultimus group. Specimens showing
strongly elaborated apertural margins (PI. 20: 6a-c) and identified herein as Istrograptus transgrediens
cf. rarus, may in fact represent a more advanced mnorphotype of the transgrediens lineage.

Stratigraphic distribution. - In the Mielnik wellcore, lstrograptus transgrediens rarus has been
found in a sample at a depth of 689 .55 m, within the parultimus Zone. Strati graphically younger specimens
with a transgradiens appearance are too fragmentary to be identified and described.

Occurrence. - EEP and probably Central Asia.

Genus Neocolonograptus gen . n.
Derivation of the name: Praefix from Gk. neo, new.

Diagnosis. - Pristiograptids with bilobate apertural elaborations, ranging from gentle undulations to
strong lappets oriented antero-ventrally. Ventral walls of thecae sigmoidal or straight.
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Neocolonograptus parultimus (JAEGER, 1975)
(PI. 21, Fig. 48)

1899. Monograptus ultimus n. sp . P ERNER ; P ERNER, p. 13, pI. 16: 4, 5 (non fig. 14 a, b =Neocolonograpus ultimus).
1940. Monograptus (Pristiograptu s) ultimus P ERNER; PRIBYL, pI. I : 9,10.
1975. Monograptus parultimus n. sp. J AEGER; JAEGER, p. 119, pI. 2: 4, 8, text-fig. 4.
1976. Pseudomonoclimacis ultimus (PERNER); T SEGELNJUK , p. 106, pI. 30: 10-12.
1976. Pseudomonoclimacis podolicu s n. sp T SEGELNJUK ; T SEGELNJUK, p. 106, pI. 31: 1-3 .
1979. Monoclimacis parultimus (JAEGER); PA SKEVICIUS, p. 160, pI. 10: 1-5, pI. 24: 16-19, pI. 25: 1-5 .
1983. Ludensograptus parultimus (J AEGER); T SEGELNJ UK, pp . 94, 145.

1988. Ludensograptus parultimus (JA EGER); T SEGELNJUK, p. 83, pI. (I) : 5.

Material. - A few dozens of rhabdosome fragments , flattened, semiflattened and 3-dimensional,
including early astogenetic stages.

Description. - Sic u 1a 1.41-1.76 mm long, metasicular part gently ventrally curved. Sicular apex
reaches just the level of the th2 aperture (PI. 21: I, 2, 4, 8, Fig. 48A). Pro sic u 1a , 0.36-0.49 mm in
length, is provided with a distinct apertural ring (r.).

Met a sic u 1a is 1.00-1.27 mm long, attaining a width of 0.36-0.40 mm at its aperture. Two meta
sicular rings (r2' r3) invariably present, and the origin of the virgella related to the r2 level. Dorsal process
of the sicula (dp) strong (length 0.14-0.20 mm), frequently ventrally incurved and producing a kind of
"heel" (talon) . Initial bud situated at a distance of 0.19-0.20 mm from the aperture of the metasicula.

The c a e display a gentle excavation at the ventral side of their base and in consequence are somewhat
sigmoidal (PI. 21: 4, 7, 8). This gives them a "pseudomonoclimacid" appearance. Most proximal thecae
exhibit, in addition, incipient, sometimes hardly discernible, lateral undulations, separated by a shallow
ventral notch (PI. 21: 3, 5, 8; Fig. 48C). Upwards in the Mielnik section, there is a distinct increase in the
expre ssivity and penetrance of this trait. Therefore the youngest populations display more pronounced
undulations, especially well seen in th I (PI. 21: 8). Th I is 0.83-1.05 mm long and 0.20 mm wide at the
aperture, displaying a lateral apertural undulation 0.11-0.13 mm high. Successive 2-3 thecae show a
decreasing degree of undulation of the apertural margin. In most specimens th, and the following thecae
have almost straight apertures, which, similar to the previou s ones, are only moderately thickened at the
border (PI. 21: 3, 6). A few specimens of th I show an abnormally strong development of their lateral
apertural undulations, resembling true ultimus.

Rh ab dos 0 m e straight and short, 0.41 mm wide immediately above th I and 0.83 mm, above ths.
Taxonomic position . - This species was described by JAEGER (1975) as an immediate forerunner of

N. ultimus (PERN ER), as indicated by its morphology and stratigraphic position . Some authors (e.g. PRIBYL
1983) although distinguishing N. parultimus as a separate species, nevertheless, recognized the ultimus
Zone as the base of the Pfidoli, obviously believing that N. parultimus may be considered an early zonal
form of N. ultimus. The differences are, indeed , small, purely quantitative, and bridged by transient forms.
Both species "grade into each other, so the assignement of transient specimens to either species becomes
an arbitrary decision" (JAEGER 1986: p. 320).

The origin of N. parultimus, considered by JAEG ER (1986: p. 320) to be cryptic, has been defined by
URBAN EK (1993: p. 35) as "sernicryptic" because of its doubtless and close relation to the P. dubius stem
lineage. One can hypothetize that N. parultimus originated somewhere by parapatric or allopatric speci
ation from the dubius populations of the latest Ludlow, and later spread by migration. This is indicated
i.a. by the 3-ring pattern of the sicula , a token of the Ludfordian P. dubius derived taxa (p. 118 herein).
Therefore, the resemblance of Pseudomonoclimacis latilobus and Pseud. dalejensis to N. parultimus is
deceptive and purely homeomorphic. The former is too specialized and the latter separated by too large
a time gap to be considered an ancestor. As the earliest representatives of N. parultimus in the Mielnik
wellcore display sigmoidal thecae but only negligible apertural elevations, one could hypothetize that the
immediate ancestor lacked any apertural undulations but revealed a certain degree of ventral excavation
of the thecae. Technically, such a pristiograptid might be assigned to Pseudomonoclimacis, and the case
may be described in terms of generic transition as discussed above (p. 125).

Stratigraphic distribution. - In the Barrandian area, the first appearance of N. parultimus defines
the basal zone of the Pfidoli (KRIZ et al. 1986). Likewise, in the Mielnik wellcore, FA of N. parultimus
at a depth of 691.95 m is considered the lower boundary of the Pfidoli segment of the core . The beds with
parultimus are 16.30 m thick (LA at a depth of 675.65 m), which is a large thickness as compared to the
maximum attained in Barrandian (2 m) or in the Tien Shan (30 cm!). As in the type area , N. parultimus
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Fig. 48
Neocolonograptus pa rultimus (JAEGER). Early stage of astogeny (A), the origin of virgella (B) and the aperture of th t (C) .

Note the 3-ring pattern of sicula and the origin of virgella related to rz. Mielnik, depth 686.80 rn, parultimus Zone .

occurs in the Mielnik sec tion in abundance, di splaying a greg arious habit and crowding in monospecific
asse mblages in certain lay ers. Sample from a depth of 690.25 m represents a "centrotype", a standard
morph comparable with the spec imens described by JAEGER (1975) from the type stratum in Barrandian.
Th e last sample with N. parultimus is represented by clearly more advanced forms.

Occurrence. - Out sid e Barr andi an, N. parultimus is known from deep borings in the EEP (Volhynia,
Lithuania, Eastern Poland ), from the Carnic Alp s, E. Serbia and from the Tien Shan and in Arctic Canada
(JAEGER 1986 ; BOUCEKet al. 1976 ; KOREN' in press; LENZ 1990). In E Serbia, Tien Sh an and the Canadian
Arctic Island s it is assoc iated with M. (F.) fo rmosus and P. dubius fragm entalis.ot some other Ludlow
spec ies , which indi cates the ove rlapping ranges of the late Lud fordian and early Pfidol i index gra ptolites ,

Neo colonograptus ult imus (PERNER, 1899)
(PI. 22 , Fig. 8C)

1899. Mono graptus ultimu s n. sp. PERNER; PERNER, p. 13, text-fig. 14a, b (non pI. 16: 4, 5 = N. parultimus JAEGER) .

1975. Mo nog raptus ultimus PERNER; JAEGER, p. 11 9, text-fig. 4b.

1976. Monograptus vetus n. sp. T SEGELNJUK; T SEGELNJUK, p. 101, pI. 32: 2-5.

1977. Monograptus ultimus PERNER; JAEGER, p. 339, text-fig. 2A.

1978. Monograptus ultimus PERNER; Ji\ EGER, p. 44, text-fig. 12.

1986. Monog raptus ultitnu s PERNER; JAEGER, p. 32 1, pI. I: 3,4, 7, 11, 13, pI. 2: 7, 8, text-figs 35a- b, 36a--e, 37a-d, 38.

1990 . Pseudomonoclima cis ultimus ( PERNER); L ENZ, p. 1080, text-fig. 4V-Z.
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Material. - Several fragments of 3-dimensionally preserved rhabdosomes, mostly medial and distal.
Description. - Sic u 1a, 1.85 mm long, slightly ventrally curved and provided with a distinct dorsal

process (0.10 mm in length) and a relatively strong virgella (PI. 22: 2, si). Diameter of the metasicular
aperture is 0.32 mm, while the initial bud is situated at a distance of 0.24 mm from the metasicular aperture.
Prosicular apex extends to the level of the th2 aperture.

The c a e having a pristiograptid foundation but provided with elaborated apertures forming either
paired lobes (th I ' th2) or more or less conspicuous undulations (elevations) of the apertural border,
separated by a deep ventral and a shallow dorsal apertural notch. Th. subtriangular in shape, 0.90-1.00 mm
long, with its ventral wall slightly concave. Its aperture exhibits elaborated paired aperturallobes (lappets)
rising 0.25 mm above the margin, directed antero-ventrally and separated by a "V"-shaped ventral notch
(PI. 22 : 4, 5). Remaining thecae are tubular with a hardly discernible gently sigmoidal ventral wall (this
character is less pronouced than in N. parultimus). Their apertures are provided with gradually decreasing
undulated margins forming paired lateral elevations (u), approximately 0.20 mm high in th2 and 0.15 in
th3. They are directed postero-distally (PI. 22: 4, 5, arrowed). The height of these undulations, gradually
decreases in successive thecae (distalwards). Each elevation is separated by a "U"-shaped ventral notch
and by a shallow dorso-lateral notch. The latter is much shallower as compared with the conditions
observed in Pseudomonoclimacis latilobus (p . 162 herein) .

Rh ab dos 0 m e straight, attaining a width of 0.5 mm immediately beyond th I and 0.75 , above ths.
Taxonomic position. - There has been considerable confusion over the true nature of this species in

the past, primarily as the result of an underestimation of the role homeomorphy played in the monograptid
evolution (assignement to Monograptus, Pristiograptus , and Skalograptus were proposed). In the light of
the careful studies by JAEGER (1977, 1978, 1986), N. ultimus should be regarded as the immediate
descendant of N. parultimus, appearing through intergradation. The evolutionary changes involved were
primarily related to an increase in size and of modifications in the shape of the apertural lobes and
elevations. The change was achieved through addition of a greater number of fusellar growth bands to the
incipient undulations seen in ancestral N. parultimus. This is especially true in respect of th. and th2 which
show the highest expression of the character and, in extreme cases, mirror the conditions observed at the
lochkovensis structural level. Moreover, a sample from a depth of 671.55 m contains specimens which
could still be classified as N. ultimus but are transient to N. lochkovensis branikensis (JAEGER) in the size
and shape of the lobes.

JAEGER'S (1986) studies on the material etched from the successive horizons in Barrandian reveal
a great amount of variation in expressivity and penetrance of the apertural undulations , observed both
within the same rock sample and in the strati graphic succession. The progression from N. parultimus
towards N. ultimus was far from uniform either (JAEG ER 1986: pp. 322-323). Nevertheless, TSEGELNJUK'S
(1978 , 1988) suggestion to identify the advanced morphotypes found by JAEG ER (1986: e.g. fig . 37a)
within the ultimus populations as a seperate morphospecies (Skalograptus vetus), intermediate in charac
teristics between the centrotype of ultimus and true lochkovensis, seems unnecessary. It misinterpretes the
phylogeny, which in this case most probably involved the appearance of an advanced morph and an
increase of its abundance in populations. Morphs with essentially lochkovensis features still belonged to
the ultimus level of evolution as they were outnumbered by less advanced morphotypes (JAEG ER 1986:
p.323).

Stratigraphic distribution. - In Barrandian, this species defines a distinct zone with a maximum
thickness of some 4 m. In Mielnik-l borecore, it defines a rather narrow band (some 3.40 m thick, with
FA at a depth of 674.95 m and LA at a depth of 671 .55 m). It overlies the N. parultimus Zone and underlies
the N. lochkovensis Zone, both of a much greater thickness (Fig. 3).

Occurrence. - Numerous sites in Europe are listed in JAEG ER (1986). It was found also in N Africa
(Morocco) and its presence in N America (Canada, Yukon Territory) is considered almost certain by
JAEG ER (1986: p. 324), who considers Monograptus bugensius described by JACKSON and LENZ (1969) as
a synonym of N. ultimus. LENZ described it from Canadian Arctic Islands, within well developed zone.

Neolobograptus lochkovensis branikensis (JAEGER, 1986)
(PI. 23, Fig. 80)

1986. Monograptus branikensis n. sp.; JA EGER, p. 325. text-fig. 40, pI. 1: 10, 12, 14.

Material. - Several specimens mostly 3-dimensionally preserved.
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Description. - Because of the essential resemblance to the type subspecies, description is given in a
comparative form. Si c u I a in Mielnik-l specimens is somewhat sma ller, attaining a length of 1.76 mm
(with the dorsal process, dp) or 1.60 mm (without the dp). Apex of prosicula reaches to the level of the
aperture of th2 or the protheca of th3. Initi al bud is situated at a distance of 0.3-0.2 mm from the aperture
of the sicula (PI. 23 : 1-2a).

Th e c a e and rh a b d o s 0 m e are strikingly similar to those in N. lochkov. lochkovensis. Apertures
of the proximal and medi al thecae are pro vided with paired lateral lobes, thus represent ing the bilobate
type of apertural accessories (PI. 23 : 2b, 3, 4, Fig. 80). Length of the apertu ral lobe in th , is 0.56 mm,
its free part stretching beyond the thecal tube is 0.28 mm . Rhabd osome is straight, gradually increasing
in width and being some 0.4 mm immedia tely at th. and some 0.5 mm, beyond th4.

Since specimens exceeding the cr itical length of 15 thecae were not available in the materi al from the
Mielnik-I borecore, the discrimination betw een the type subspec ies and N. lochkov. bran ikensis is based
on thecal characters, namely on the size and shape of the apertura l lobes. As observed by JAEGER (1986:
p. 326), the apertura l lobes in the proxim al thecae of branikensis "are typically less downcurved than
those in M. lochkovensis" . The form ass igned herein to N. lochkov. branikensis exhibits apertura l lobe s
which are somewhat smaller and usually end bluntly (in some cases they are pointed). They do not reveal
the so-ca lled "beaks" or "hoo ks", so characteristic of the apertura l lobes in higher zonal populations of
true N. lochkovensis.

Taxonomic position . - Becau se of a great morph ological similarity between the N. lochkov. bra
nikensis and the type subspec ies, as well as becau se of a purely quantitati ve nature of the crucial
distingui shing character: the presence (true lochkovensis] or lack (branikensis) of an overlap in dist al
thecae (beyond 15 thecae), N. lochkov. branikens is is ranked in the present paper as a chro nos ubspec ies .
If we follow the practice of co nside ring these close ly related forms distin ct spec ies (as suggested by
JAEGER 1986), the bulk of the specimens ava ilable in routine works, would rem ain unident ified. I therefore
bel ieve that for practical reasons the co ncept of N. lochkovensis should be maintained in a broad sense .
Besides, it is morphologically inter media te between N. ultimu s and N. lochkov. lochkovensis, being much
closer to the last named taxon (JAEGER 1986: p. 325 ). The morphological intergradat ion is best illustrated
on one hand by the resemblance of the most proximal thecae in the adva nce d morphotypes of N. ultimus
to N. lochkov. branikensis, and on the other, by the resemblance between the juven ile growth stages of N.
lochkov. lochkovensis and N. lochkov. branikensis (Fig. 8B-D). These facts provide a substantiation to
JAEGER'S (1986: p. 325) opi nion that his branikensis "could well be a descendant of M. ultimus and the
ances tor of M. lochkovensis", However, because of the gaps separating the vertical ranges of the taxa,
both in Barr andi an and in the Mielnik-l sec tion, the immediate interg radations between them cannot be
traced in the sequence .

Stratigraphic distribution. - In the Mielnik-I wellcore N. lochkovenesis branikensis makes its FA
at a depth of 671.30 m and disapp ears at a depth of 669. 80 m. N. lochkov. branikensis stratigraphically
precedes the appearance of N. lochkov. lochkovensis both in Barr andi an (JAEGER 1986) and in the Miel
nik-I sec tion.

Occurrence. - Outside Central Bohemi a N. lochkovensis branikensis has been found in the Kursal a
Formation of the Turk estan- Alai Range, Cent ral As ia (KOREN', in press).

Neocolonograptus lochkovensis lochkovensis PRIB YL, 1940
(Pis 24-26, Figs 49-55, 56A)

1940. Monograptu s (Pristiograptrus) lochkovensis sp. n. PRIBYL; PRIBYL. p. 69. pI. 1: 6.
1964. Pristiograptus aduncus n. sp. T ELLER; T ELLER. p. 42. pl. I: 4. pl, 2: 1- 6. pl. 7: 18. 19. pI. 9: 4-9. text-fig . 5a-d.
1964. Pristiograptus bugensius n. sp. T ELLER; T ELLER. p. 40. pI. 2: 4. 5. 9. pl. 7: 13-1 5. pl. 9: 1- 3. text-fig. 4a-c.
1977. Monograptus lochko vensis (PRIBYI.) ; JAEGER, p. 324. text-fig. 3A-C.

1986. Monograptus lochkovensis (PRIBYL); JAEGER. p. 324. text-fig . 39a. b. pl. 1: 16. pl. 3: 16, 17.

Material. - A few dozens of rhabd osom e fragment s, mostly proximal parts with growt h stages of the
sicula and th , . Distal frag ments short and rare. Specimens frequ ently we ll-preserved, three-dimension al
and flattened to different degrees.

Description. - Si c u I a (Fig . 49 A, B; PI. 24 : l a, PI. 25: 2, PI. 26: I, 2), stra ight and rath er large,
approx imately 2.00 mm long when measured with the dorsal process of the metasicula, 1.80 mm, without
it. M et a s i cui a distin ctly widens toward s the aperture atta ining a diameter of 0.40 mm . Aperture of
the sicula displays a conspicuous dorsal process, shove l-like or angular in shape, sometimes incurved
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10.1 mm

Fig. 49
Neocolonograptus lochkovensis lochkovensis (PR- IBYL). Sicula with the first theca (A) and proximal part of the rhabdo

some (B) seen in reverse aspect. Mieln ik, depth 659 .30 m. lochkovensis Zone.

ventrally. Margin s of the aperture are frequently bordered by a thickened rim (PI. 24: la). Apex of the
sicula is situated immediately below or at the level of the th2 aperture.

Bleached early growth stages of the sicula reveal a regular monograptid pattern of development.
Pro s i c u I a , 0.60-0.70 mm long, exhibits numerous longitudinal thread s (Fig . 49A, psi) and is provided
with a strong apertural ring (r I) ' During the growth of the met a s i c u Ia two more rings (r2' r3) appear,
the last being situated at the primary notch. The number of rings (3 instead of 2) and especially the position
of [3 gives the sicula a "primitive" appearance, remini scent of Gorstian pristiograptids (p. 117 herein).
Buddin g of the initial bud follow s the ordinary stages (sinus and lacuna), with the first fuselli of th. being
laid down in a standard way (Fig. 50, pn, ib). Metasicula is 1.50-1.60 mm long, with the initial bud
situated at a distance of mm from its final aperture which, being 0.60 mm in diameter, exhibits a
conspicuou s dorsal process, 0.20-0.40 mm long (dp, Fig. 51A), and a strong virgella (vi). Abnormal,
trumpet-like apertures were also observed (Fig. 51B).

Th e c a e are of a pristiograptid appearance but the proximal ones have elaborated paired lateral lobes
(the bilobate adapti ve type). Th. subtriangular, rather short (0.86- 0.92 mm) and wide (0.54- 0.70 mm at
the aperture) . A thin dark thecal ring may be seen on some bleached specimens (Fig. 49B , thr), being
another "primitive" feature inhererited from the Gorstian ancestor s. Rema ining proximal thecae are
tubular, but rather short and wide (PI. 24: la, PI. 25: 1).

Proximal thecae are provided with strongly developed paired and symmetric apertural lobes (Figs
52-54; PI. 25: 3-9, I). A study of strongly bleached apertural lobes, detached from the theca with a needle,
reveal s that at an early growth stage the lobe (I ) is made of 1-2 fuselli which are shortened and produce
no zig-zag suture s. Instead , ventral and dorsal notches (dn) are formed (Fig. 54A). Further growth occurs
by addition of a number (7-9) of fuselli in a characteri stic arrangement: they converge towards the base
on the ventral margin , endin g freely on the dorsal one (Fig. 54B). The lobes of the most proximal thecae
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Fig. 50
Neocolonograptus lochkovensis lochkovensis (PRIRYL). Growth stages of metasicula: onset of virge lla (A), formation of the
open primary notch ("s inus" stage) seen ventrally and laterally (B j, B2), close d primary notch ("lacuna" stage , Cr . C2) ,

fuse llar structure of the init ial bud (D). Mieln ik, depth 665.60-644.00 m, lochkovensis Zone.

show an angular bending (Figs 52B, 54B; PI. 25: 7, 9). This portion of the lobe overhangs the aperture,
producing a kind of a roof, while the free margins of the adjacent lobes are separated by a slit. The last
two fuselli on each lobe produce a pointed termination (p), which typically is downcurved (Fig. 54B ; PI.
25: 5-8b). The outer surface of the lobes is more or less distinctl y concave (Fig. 52B, C, c). It is difficult
to judge whether this feature is primary or preserv ational. JAEGER (1986) does not mention this lobe-feature
when describing his isolated material. Most of the anterior margin of the lobes in the proximal part of the
rhabdosome is curved upward to form a narrow rim (Fig. 52B, C). Orientation of the long axis of these
lobes is ventro-lateral (horizontal).

The dorsal notch (dn) in the apertural lobes is subjec t to a certain astogenetic variation. It is shallow
in juvenile proxim al thecae and deeper, somewhat protruding (in the form of a pocket), in medial ones
(Fig. 54A-C). Distalwards it undergoes partial infillin g by a secondary deposit (Fig. 54D).

Apertural devices of N. lochkovensis lochkovensis display a great amount of preservational variation,
due to deformations of the lobes. Frequently they change the appearance of the rhabdosome entirely (Fig.
55; PI. 26: 3a, b).

Distalwards, the apertural lobes gradually decrease in size to attain the form of small undulations (PI.
24: 4, 5). However, even the most distal fragments revea l thecae with gently undulated borders. Most
authors have describ ed the apertures of the most distal thecae in the species as quite simple, truly
pristiograptid.

The degree of thecal overlap increases towards the distal end. This feature is especially well seen on
long specimens, embedded in the matrix (compare JAEGE R 1986: p. 324). The distal portion of the
rhabdosorne, made of elongated, strongly overlapping thecae is typical for the subspecies .

Rh ab do s 0 m e straight and fairly large (up to 80 mm long, according to JA EGER 1986), but observed
isolated fragments are no longer than 10 mm.
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10.1 mm

B

Fig. 51
Neocolonograptus lochkovensis lochkovensis (PRIBYL). Norm al (A) and aberrant (B) shape of the aperture in metasicula.

Mielnik, depth 659 .30 m, lochkovensis Zone.

A

B

Fig. 52
Neocolonograptus lochkovensis lochkovensis (PRIBYL) . Apertural apparatus examined on bleached specimens: in a proximal
theca (A) seen laterally, in distal thecae seen ventrally (B) and laterall y (C) . Mielnik, depth 659 .30 m, lochkovensis Zone .

Abnormal development. - The specimen illustrated in PI. 26: 4, displays a unique morphology:
while th, and th, feature are typically provided with a bilobate aperture (I, arrowed), the aperture of th2
is hooked (D!, arrowed). The significance of this teratology is discu ssed elsewhere (p. 156).

Taxonomic position. - N. lochkovensis lochkovensis may best be placed as the terminal link within
the parultimus-ultimus-branikensis lineage. In my opinion, this view fits best the morphological and
stratigraphic record. Although the apertural lobes in the species in question are much more elaborated
than those observed in the parultimus-ultimus group, this morphological gap is largely bridged by the
advanced morphotypes of N. ultimus and by N. lochkovensis branikensis. The morphological change
observed implies an increase of the lobe size by deposition of a greater number of fuselli (a process
frequently observed in many groups of monograptids) and a certain alteration in the direction of their
growth. The latter was achieved gradually, from the postero-dorsal orientation in the ultimus group to the
antero-ventral one in the lochkovensis group. Advanced morphotypes of N. ultimus (such as that figured
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10.1 mmL

-- - -
v

Fig. 53
Neocolonograptus lochkovensis lochkovensis (PRIBYL) . Detached right (R) and left (L ) apertural lobe (I) seen on bleached
needle preparation in ventro-distal view. V-thickened ventral apertural margin. Mielnik , depth 659.30 m, lochkovensis Zone.

A

10.1 mm

Fig. 54
Neoco lonog raptus lochkovensis lochkovensis (PRIBYL) . Fusellar structure of apertural lobes (I) seen on strong ly bleached
specimens: A, ju venile growt h stage in a proximal theca; B, advanced growth stage of th j ; C, mature medial theca; D, gerontic
medial theca. Note the different degree of development of the dorsal notch (dn) and its filling with the secondary material

(m) in D as well as a pointed (p) or blunt termination of the lobe. Mielnik. depth 659.30 m. lochkovensis Zone.

by JA EGER 1986: fig. 37a and c), exhibit an almost lochkovensis grade of expression and have th. , and
sometimes th2, oriented antero-ve ntrally. Even the standard morphotype of N. ultimus displays th, resem
bling lochkovensis in the size and orientation of the lobes. Such traits are truly "proterogenetic" as they
anti cipate the future directi on of change. T SEGELNJUK ' S (1976, 1978) Skalo graptus vetus may be under
stood as a morphospecies enve loping phenotypes which are intermediate betw een N. ultimus and N.
lochkovensis. N. vetus is con sidered con specific with N. ultimus by JAEGER (1986). In any case distin
guishin g transients as separate species seems a superfluous procedure, because particular sections could
contain every possible random sample from the probably continuous, although not nece ssarily uniform,
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lo.2s mm

B

Fig. 55
Neocolonog raptus lochkovensis lochkovensis (PRIBYL). Distal fragments of the rhabdoso me (A, B) showing different

preservational features of apertural apparatus. Mielnik, depth 659.30 m. lochkovensis Zone.

phylogeneti c pro gression. Th e relati on of N. lochkovensis to the newly erec ted Monograptus tumultuosus
(KOREN', in pre ss) is uncl ear and need s further studies (see TELLER, thi s vo lume , p. 78).

Thi s species may be most sa fely di stinguished from N. lochk ovensis branikensis by the presence of
a conside rable overl ap in the most distal thecae (JAEGER 1986). However, the pro ximal thecae also di splay
a species -specific ch aracter , nam ely the presence of downcurved beak-like terminations of the apertura l
lobes . Ori ginal specimens described by PRIBYL (1940) from the Marble Quarry localit y in Loc hkov, as
well as other topotypes, all reveal this char acter. Hence, thi s parti cu lar shape of lobes may be con sidered
a typical character of true lochkovensis.

An alternative poi nt of view on the origin of N. lochkovensis, as adva nced by TSEGELNJ UK (1978,
1986), is di scussed elsewhere (p . 108). However, a compar ison of apertural struc tures in the standard
lochkovensis morph (A), in M. (Du lebograptus) trimorphus (B), and in the teratological (dulebograptid
like) form (C), as shown in Fig. 56, pro vides no substantiation for the ir immediate re lations (see p. 156
for an extended discusssion ).

St rati graphic di st ribution . - In much of the Barrandian area, N. lochkovensis mark s a di stinct zone
as recogni zed for the first tim e by PRI BYL (1940) . A recent study by JAEGER (1986) confirmed the full
zo nal sta tus of this charac terist ic hori zon . According to JAEGER, N. lochkovensis is e ither preceded by
bed s with M. pridoliens is, or the latter spec ies appea rs so mew hat later, within the lochkovensis Zone s.l.,
which results in the subdivis ion of the zone into the lower and upper subzones (JAEGER 1986: p. 325) .

Splitting of N. lochkovensis into a number of independ ent spec ies (TELLER 1964, see T ELLER, in this
volume p. 72 ), has for so me time obsc ured the stra tigraphic subdivisio n and co rre lation of the Pfid oli beds
on the EEP. In the present paper, the lochkovensis Zone s.l. is subdivided into the low er N. lochkovensis
branikensis Subzone and the upp er N. lochkovensis lochk ovensis Subzon e se pa rated by the M. (Dulebo 
grap tus] trimorphus hori zon (Subzone) . Thi s subdivision is roughly hom otaxial with the Barrandian
sequence (see p. 98). Time will tell whether such a subdivision is ten abl e for the entire EEP. In the
Mielnik-l borecore, N. lochkovensis lochkovensis appears at a depth of 66 2.75 m and is se parated from
the range of N. loclzkov. branikensis by a di stinct hori zon yield ing M. (Dulebog raptus) trim orphus (Fig .
3). Within its Subzone in the Mi elnik sec tion, N. lochkovensis lochkovensis occurs abundantly and is
associated with rare Linograptus posthumus and lstrograptus sp. The last specime ns were found at a depth
of 634.15 m. The species in question is the late st graptolite recogni zed in the section below the we athered
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Fig. 56
Diagram sho wing the apertural struc tures in standa rd N. lochkovensis lochkovensis (A ), M. (Dulebograptu s) trimorphus (8)
and in "Dulebograptid " morph of N. lochkovensis lochkovensis (C) . Note that aperture is provided with paired lateral lobe s
(pi) in A, with notched apertuaral lobe (nl) in 8 and with entire, hooked apertural lobe (el) in C . Further expl anations in text.

portion of the core. The thickness of the strata with N. lochkovensis lochkovensis is some 28.6 m, that of
the Subzone was probably even greater.

Occurrence. - Outside Europe (Barrandi an: PRIBYL 1940; JAEGER 1986 ; EEP, TELLER, this volume,
p. 79) , N. lochkovensis lochkovensis has been recognized in Kazakhstan (Tokrau horizon, N of Lake
Balkhash, KOREN 1986a). Spe cimens from Central Asia as compared with those from Barrandian display
a smaller number of thecae provided with aperturallobes and a somewhat greater width of the rhabdosome.

LENZ ( 1988) emphasizes that so far it has not been found either in N Yukon or in the Canadian Arctic
Archipelago .
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PL ATE I

The source of material and its state of preservation:

I. Fragment of the Mielnik-I wellcore, displaying typical lithology, namely a carbonate nodule (n) within marly
sediments (m), Mielnik , approximate depth 9 15 m, praecomutus Zone , Gorstian; x I.

2. A core sample showing mass occurrence of flattened M. (F.) jOnllOSIIS B OUCEK on the beddin g plane (2a),
Mielnik depth 766.45 m, acer-spineus Interval; same species 3-dimensionally preserved in carbonate rich marls
(2b), Mielnik , depth 770.50 m, acer- spineus Interval, slightly enlarged; x 1.

3-4. Apertural apparatus of an isolated M. (F.) [o nnosus B OUCEK, embedded in sediment (3) and cleaned (4) and
displaying a preservational fold (pf, 4) due to compaction. Mielnik , depth 766.45 m, acer- spineus Interval;
x lOO.

5-8. Effect s of flatteni ng on differen t monograptid remains, with the inner margin of intert heca l septum (arrowed)
either seen as a convex body (5) or piercing through latera l thecal walls (6-8). Mielnik, depth 766.45 -770.50 m,
acer-spineus Interval; 5 x 40 ; 6 x 24; 7, 9 x 120; 8 x 230.

9. Unbleached juvenile th, of a Pseudomonoclimacis sp. displaying fusellar growth lines. Mielnik, depth 822.40 m,
latilobus/balticus Zone; x 30.
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LATE LUDFORDI AN AND EARLY PRIDOLI MONOGRAPTIDS FROM TH E POLI SH LOW LA ND

PLATE 2

Monograptu s (Slovinog raptus} hamulosus (TSEGELNJUK) 129

1- 6. Proximal (1.2) and distal (3) part of rhabdosorne. and the morphology of the thecae (4-6). Note the low position
of the initial bud (2) and the cordate outline of the apertural lobe (6). Mielnik, depth 822.90 m, latilobus/balticus
Zone; I x 25; 2 x 2 1; 3 x 27; 4, 6 x 50; 5 x 100.

Mon ograptus (Unc inatog raptus) uncinatus T ULLBERG . . . . . . . . . . 105

7- 9. Distal (7, 8) and proximal parts of the rhabdosome seen laterally and ventrally. Baltic erratic boulder S.20,
Poznari, nilssoni Zone; 7 x 50; 8 x 45; 9 x 35.
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LATE LUDFORDIAN AND EARLY pfUDOLI MO NOGR APTID S FROM TH E POLISH LOWLAND

PL ATE 3

Monograptus (Slovinograptus] balticus T ELLER 129

1- 12. Proximal (1- 7) and distal (8. 9) fragments of rhabdosome as well as morphology of the thecae (10-12). Note
the high position of the initial bud (6, 7). Mielnik , depth 8 14.40 m. latilobuslbalticus Zone; 1.2 x 23; 3. 5
x 30; 4 x 13; 6. 8. 9. 11 x 50; 7 x 40; 10. 12 x 130.
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LATE LUDFORDIAN AND EARLYPRIDOLI MONOGRAPTIDS FROM THE POLISH LOWLAND

PLATE 4

Monograptus (Formosograptus)formosus B OUCEK 134

Early development and proximal parts of rhabdosome as revealed in light (1-6) and SEM (7, 8).
All specimens from Mielnik, depth 766.90 m, protospineus-spineus Interval.

1-3. Growth stages seen on bleached specimen s; I x 94; 2 x 66; 3 x 75.
4-6. Siculae and proxima l parts of rhabdosome seen on trasparent specimens; 4 x 56; 5 x 60; 6 x 47 .
7-8. Initial bud with visib le growth lines seen with SEM ; 7 x 160; 8 x 190.
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LATE LUDFORDlA N AND EARLY PRIDOLI MONO GRAPTID S FROM TH E POLI SH LOWLAND

PL ATE 5

Mon ograptus (Formosograptus) fo rmosus B OUCEK 134

1-9. Proximal part of rhabdosome (1- 2, 5 seen laterally), sicula (3) and its dorsal process (4, dp) as well as
morphology of the first theca (6-9). Mielnik, depth 770.40-766.70 m,fonnosus epibole within the acer-spineus
Interval; 1, 3 x 50; 2 x 30; 4 x 200; 5 x 25; 6 x 75; 6a x 115; 7 x 160; 8 x 300; 9 x 130.
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LATE LUDFORDlAN AN D EARLY PRIDOLl MO NOGR APTIDS FROM TH E POLI SH LOW LAND

PL ATE 6

Monograptu s (Fotmosograptus) [o rmosus B OUCEK 134

1-7. Morphology of proximal thecae (I, 2), first theca (3) as well as the medial thecae of the rhabdosome (4-7).
Mielnik, depth 770.70-766.70 ui. form osus epibole within the acer-spineus Interval; I x 60; 2a-e x 120; 2d
x 160; 3a x 160; 3b x 80; 3c x 120; 4 x 25; 5 x 50; 6. 7 x 23.
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LATE LUDFORDIAN AND EARLY PRIDOLl MONOGRAPTIDS FROM THE POLISH LOWLAND

PLATE 7

Monograptus (Formosograpus) formosus BOUCEK . . . . . . . . . . .. 134

1--4. Distal part of rhabdosome (I, 4) and morphology of distal thecae: apertural apparatus (2a-d), tubular outgrowth
of the apertural lobe and auriculum (3, 3c, d). Mielnik, depth 770.40--766.70 m, acer-spineus Interval ; I x 30;
2a-d x 120; 3a x 120; 3b x 220; 3d, e x 300; 4 x 60.

Monograptus (Uncinatograptus) uncinatus TULLBERG . . . . . . . . .. 156

5. Poximal part of the rhabdosome seen laterally. Baltic erratic boulder S.38, Jaroslawiec, nilssoni Zone ; 5 x 50.
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LATE LUDFORDlAN AND EARLY PRIDOLI MONOGRAPTIDS FROM THE POLISH LOWL AND

PL ATE 8

Okta vites aff. spiralis (GEINITZ) . 137

1- 8. Thecal morp hology (1-6) as compared with those in Monograptu s (Fonnosograptusi f onnosus BOUCEK(7, 8).
1-6 chemically isolated from the nodule s of Osmudsberget, Sweden , turriculatu s Zone, 7, 8 from Mie lnik,
dept h 770.40-766.70 m, interval between acer-spineus Zone; I x 25; 2, 4-6 x 50; 3 x 100; 7, 8 x 120.

Monograptus (Uncinatograptus) uncinatus T ULLBERG . . . . . . . . . . 137

9, 10. Shown as a standard hooded Late Silurian monograptid , with apertural lobes seen ventrally (9) and lat
erally (10). Baltic erratic boulder S. 38, Jaroslawiec, nilssoni Zone ; 9 x 88; 10 x 84.
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LATE LUDFORDI AN AND EARLY PR-IDOLl MON OGRAPTIDS FROM TH E POLISH LOWLAND

PL ATE 9

Monograptus (Un cinatograptus) acer acer (T SEGELNJUK) . . . . . . . . 140

1- 9. Sicula and proximal thecae of rhabdoso me (1- 7) and some details of thecal morphology (8, 9); la, b, 4a aspects
of rhabdosome displaying 1/4 turn as compared with rhabdosome in full lateral view (6, 2a); 2b, 3, 4b , 5, 7
detail s of sicula; 8, 9 thecae seen in two aspects. Mielnik, depth 785.90-789.90 m, acer Zone; acer acer
Subzone ; la x 20; Ib x 12; 2a x 12; 2b x 24; 3 x 120; 4a x 409 ; 4b x 120; 5 x 40; 6 x 24; 7 x 130; 8 x 120;
9 x 48.
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LATE LUDFORDIAN AND EARLY PR-IDOLI MO NOGRAPTID S FROM THE POLISH LOWL AND

PL ATE 10

Monograptus (Uncinatograptus) acer acer (TSEGELNJUK) 140

1-1 1. Morphology of apertural apparatus and proximal- to medial part of rhabdosome (5); 1- 3 different preservational
deformations of apertural region; 4.6-11 apertural lobe seen in different aspects, m marginal thickening. Note
a rapid widening of rhabdosome (5). Mielnik , depth 783.50-785.50 m, acer Zone. acer acer Subzone ;
1. 2 x 130; 3. 7. 9 x 120; 4 x 72; 5 x 12.5; 6 x 60; 8 x 108; 10 x 180; 11 x 216.
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LATE LUDFORDIAN AND EARLY PRIDOLI MONOGRAPTIDS FROM THE POLISH LOWLAND

PLATE I1

Mon ograpus (Uncinatog rapt us) protospin eus U RBANEK . . . . . . . . . 147

1, 2. Distal fragm ent of rhabd osome ( I) and de tails of apertura l apparat us (2). Mieln ik, depth 773 .50 m, protospineus
Zone, ZPAL G.XVIUl ; 1 x 25; 2 x 100.

Monograptu s (Uncinatograptus) spineus T SEGELNJUK . . . . . . . . .. 149

3-6. Apertural lobe (I) and spines (s) in diffe rent states of preservational deform ation (3-5) as well as prornonto
rium (6, p). Mieln ik, depth 760.15 m, spineus Zone; 3, 6 x 150; 4 x 200; 5 x 100.
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LATE LUDFORDIAN AND EARLY PRIDOLI MONOGRAPTIDS FROM THE POLISH LOWLAND

PLATE 12

Monograptus (Uncinatog raptus) spineus (TSEGELNJUK) . . . . . . . . . 149

1-1 1. Proximal part of the rhabdosome (1-4), morph ology of the first theca (5- 7) and medial thecae (8-1 1). Note
a distinct dorsal curva ture of the rhabdosome (I, 4). Mieln ik, depth 760.1 5 m, spineus Zone; 1-2,6-7 x 50;
3 x 40; 4 x 19; 5 x 70 ; 6 x 50; 7 x 40 ; 8 x 60; 9 x 70 ; 10 x 190 ; 11 x 100.
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LATE LUDFORDlAN AND EARLY PRlDOLI MONOGRAPTIDS FROM THE POLISH LOWLAND

PLATE 13

Monograptu s (Uncinatog raptus} Spill ells (TSEGELNJUK) . . . . . . . . . 149

1-1 2. Morphology of the apertura l appara tus; 1, 2, 6-8 relatio n of the lobe prop er (I) to the apertural spines (s), 4-6
details of the antero-latera l apertura l spines (s), 9-11 "telescopic" struc ture of apertural spines (s) with protrud
ing fuse llar heads (f) , 12 broken edge of a spine revea ling internal cavity (h). Mielni k, dep th 760 . 15 m, spineus
Zone ; 1- 3,5, 9 x 120; 4 x 200 ; 6 x 120; 7,8 x 300 ; 10, 11 x 200; 12 x 1000 .
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PLATE 14

Monograptus (Dulebograptus) trimorphus T SEGELNJUK 154

1-6. Morphology of rhabdosome and thecae ; proximal part of the rhabdo some (I) in ventral view (note the
progressive shortening of the apertural lobe proper (I ) and the obliteration of the notched portion) and the detail s
of morphological change in the shape of apertur al lobe between th, and thz (2), as well as the sicular portion
of the rhabdosome in lateral view (3) and the distal thecae seen laterally (4) and in ventro-distal aspect (5).
Details of th , aperture with preservational fold (f) are shown in (6). Mielnik , depth 664.45 m, lochkovensis
Zone; I, 3, 5 x 50; 2 x 95; 4 x 40; 6 x 200.
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PLATE 15

Pristio graptus dubius (SUESS) s.l. 157

1--4. Proxima l (1- 2) and distal (3, 4) parts of rhabdo some representing gracile morphotype cf. [requens JA EKEL.

Mielnik, depth 787.90 m, acer Zone , acer acer Subzone; I x 25; 2, 3 x 15; 4 x 40 .
7. Rod-like or tubular virgula, embedded (7a) or free stretching (7b), Mielnik , depth 802.70 m and 815.10 m,

lati lobus/ba lticus Zone ; x 230.

Pristiograptus dubius fragmentalis (B OUCEK) 159

5,6. Proximal part of the rhabdosome (5-6) . Mielnik, depth 5 - 820.50 m, depth 6 - 819.40 m, latilobus/balticus
Zone; 5 x 15; 6 x 25.

Pseudomonoclimacis latilobus (TSEGELNJUK) 161

8. A natural cross section of distal thecae shoving their distinc t excavations (ex) . Mielnik dept h 819.20 m,
latilobus/balticus Zone ; x 50.
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LATE LUDFORDlAN AND EARLY PR-IDOLl MONOGRAPTIDS FROM THE POLISH LOWLAND

PLATE 16

Pristiograptu s dubius labiatus subsp. n. 160

1-12. Proximal (I , 2), holotype ZPAL aXIXlI , medial (3) and distal (4) part of the rhabdosome, as well as the
morphology of sicuia and thecal apertures (5- 11). At 12 apertural margin in Pristiograp tus dubius c f.jrequens
for comparison with 9. Aperture of sicula (5) and micromorph ology of apertural lip on 10 and II with coarse
cortical fibrils (f) visible. Mielnik , depth 12 - 82 1.00 m, latilobus Zone, all remaining depth 756.50-718.00 m,
protospineus-spineus Zone and post-spineus interval; I x 12; 2 x 40 ; 3, 4 x 19; 5-8 x 90; 9 x 130; 10 x 300 ;
II x 3000; 12 x 60.



Palaeontologia Polonica, No. 56, 1997 PI. 16



212 ADAM URBANEK

LATE LUDFORDIAN AND EARLY PRIDOLl MONOGR APTID S FROM THE POLI SH LOWLAND

PL ATE 17

Pseudomonoclimacis latilobus (TSEGELNJUK) . . . . . . . . . . . . . .. 161

1-11 . Sicula and proximal part of the rhabdosome (1--4) as well as morphology of the thecae (5-11). Note the presence
of excavations (e) between thecae and elaborations of the apertural margin, especially a deep lateral notch (In),
bordering the elevation (e). Mielnik , depth 819.40 tn.Iatilobus/bahicus Zone; I x 12; 2 x 54; 3, 4 x 130; 5 x 20;
6, 7 x 25; 8 x 50; 9, 10 x 90, I1 x 20.
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PL ATE 18

Pseudomonoclimacis latilobu s (TSEGELNJUK) . . . . . . . . . . . . . .. 161

1- 8. Sicula and proximal thecae (1-5) as well as details of morphology in proximal (6) and medial (7, 8) thecae.
Note the strong elaboration of th l , the distinct excavations in medial thecae and presence of lateral notch (li).
Mielnik, 3, 4 depth 822.20 m, remaining 823.20 uv.Latilobus/balti cus Zone; I x 20; 2a x 30; 2b x 45; 3a, 4 x 25;
3b x 85; 7 x 25; 8 x 35.
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PLATE 19

Pseudomonoclimacis latilobus (TSEGELNJUK) . . . . . . . . . . . . . . . 161

1-1 4. Morphology of the less advanced morphotype showing proximal part of rhabdosome (1-5) and thecal characters
in proximal and medial part of the rhabdosome (9- 14). Gerontic proximal part of rhabdosome (6) and details
of sicular aperture with more (7) and less strongly (8) developed dorsal process (dp). Mielnik, depth 82 1.40 m,
latilobuslbalticus Zone; I x 13; 2 x 30; 3 x 15; 4 x 30; 5 x 30; 6 x 15; 8 x 120; 9 x 110; 7, 10, 11, 14 x 130;
12,1 3 x 100.
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PLATE 20

Istrograptus trangrediens rarus (T ELLER) . . . . . . . . . . . . . . . .. 165

1- 5. Proxim al parts of the rhabdosome showing det ails of sicula and thecae. Note the charac teris tic transgrediens
profile of th , in figs 2. 3. Mieln ik, depth 689 .55 m, paru ltimus Zone; I x 60; 2.4 x 20; 3, 5 x 40 .

6. a~ Istrograptus trangrediens aff. rams (TELLER) , early grow th stage of rhabdosome with strongly developed
wing-like lobes (I) in th j, thz. Mieln ik, depth 689 .55 m. parultimus Zone; 6a x 10; 6b, c x 60.
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PLATE 21

Neocolonograptus parultimus (JA EGER) . . . . . . . . . . . . . . . . . . 166
Morphology of the rhabdosome.

1-3. Lower zon al morphotype, proximal part s of rhabdosome seen lateral1y. Mielnik, depth 690.55 m, parultimus
Zone; 1,2 x 24; 3 x 48 .

4-7 . Proximal (4-6) and distal (7) fragments of rhabdosome, 5-6 seen ventral1y. Note a very slight elaboration of
apertural undulations. Mielnik, depth 690 .30 m, parultimus Zone; 4, 5, 7 x 48 ; 6 x 24 .

8. An advanced morphotype. Note a distinct elaboration of the apertural undulations especial1y in th. , Mielnik,
depth of 675.65 m, parultimus Zone; 8 x 48 .
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LATE LUDFORDI AN AND EARLY PRIDOLl MONOGRAPTIDS FROM TH E POLISH LOWLAND

PLATE 22

Neocolonograptus ultimus ( PE RNE R) 167

I. Morphology of rhabdosome and thecae: proximal part of rhabdosome seen laterally ( Ia) and latero-ventrally
(l b) ; I x 20 .

2. Sicula and ju venile th , in lateral view; 2 x 50.
3, 4. Details of thecal morphology in medio-distal thecae; 3, 4 x 50.

5. Top view on th] aperture; 5 x 100.
All specime ns from Mielnik, depth 675.00 m, ultimus Zone.
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LATE LUDFORDIAN AND EARLY PRIDOLI MONOGRAPTID S FROM TH E POLISH LOWLAND

PL ATE 23

Neoco lonograptus lochkovensis branikensis (JAEGER) . . . . . . . . . . 168

1-4. Morphology of the proximal part of rhabdosome ( I, 2a) and structural details of thecae and apertural lobes (2b,
3, 4). Mielnik, depth 67 1.30 m, lochkovensis Zone, branikensis Subzone: I, 2b, 3, 4 x 50; 2a x 20.
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LATE LUDFORDIAN AND EARLY pkIDOLl MONOGR APTIDS FROM THE POLISH LOWLAND

PLATE 24

Neocolonograptus lochkovensis lochkovensis (P k IBYL) 169

1-6. Proximal part of the rhabdosome (1-3) and the morphology of the proximal thecae (2-6). Note astrong
development of the paired apertural lobes (I) in proximal thecae and their decrease in distal ones (5). Mielnik,
depth 661.30 m, lochkovensis Zone; I x 25; 2 x 12; 3 x 17; 4, 5 x 20; 6 x 25.
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LATE LUDFORDl AN AND EARLY PR-IDOLl MONOGRAPTIDS FROM THE POLISH LOWLAND

PLATE 25

Neocolon ograptus lochkovensis lochkovensis (PRIBYL) 169

1-9. Proximal parts of the rhabd osome with sicula partl y damaged ( I) and completely preserv ed (2) as well as the
morph ology of apertural appara tus (3- 9). Note the variati on in the shape of the terminal part of the lobes (I )
from blunt to pointed and beak-like (b). Mielnik, depth 644 .00 m, 2, 9 - depth 645.00 m, 3-8 - depth 661 .30
m; lochkovensis Zone , lochkovensis lochkovensis Sub zone; I x 12; 2 x 3 1; 3- 5, 7 x 130; 6 x 140; 8 x 200 ;
9 x 94.



Palaeontologia Polonica, No. 56, 1997 PI. 25



230 ADAM URBANEK

LATE LUDFORDIAN AND EARLY PR-IDOLl MONOGRAPTIDS FROM THE POLISH LOWLAND

PLATE 26

Neocolonograptu s lochkovensis lochkovensis (PRIBYL) 169

1-5 . Standa rd rnorph otype with paired apertural lobes preservationally distorted (3) and normally preser ved (I, 2,
5) as well as a teratological ("Dulebograptus"-like) struc ture of ape rture in th2, while th , and th3 preserve the ir
standa rd characters (4). Mieln ik, depth 1-5 - 645 .60 m, lochkovensis Zone, lochkovensis lochkovensis Subzone;
la x 12; l b, 2, 3a, 4a, b x 25; 3b x 45 ; 5 x 50 .
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THE EMERGENCE AND EVOLUTION
OF LINOGRAPTIDS

ADAM URBANEK

Urbanek, A. 1997. The emergence and evolution of Iinograpt ids. In: A. Urbanek and
L. Teller (eds), Silurian Graptolite Faunas in the East European Platform: Stratigraphy and
Evolution. - Palaeontologica Polonica 56, 233-269.

Macroevolutionary effects due to anagenetic changes within a single lineage have been
traced in the Linograptinae from Late Wenlock single-stiped Lobograptus? sherrardae,
through bipolar Neodiversog raptus and multibrachiate Linograptus, to Early Devonian
compound colonies of Abiesgraptu s. The ability to generate a number of sicular cladia
improved the stability of the rhabdosome, and, in the evolution of Linograptus, the result
ing geometrical constraints were overcome by diverting their growth. The main lineage is
subdivided into four chronospecies displaying periods of fairly high abundance and a dis
tinct morphological norm. These periods were separated by intervals of comparative
scarcity, probably related to the bottlenecking of the lineage. The only instance of change
in large populations is the L. posthumu s-A. tenuiramosus phyletic transition. Speciation
events (transformations) seem to be governed by the mechanisms of transient polymorph
ism, whilst periods of relative persistence of the norm were probably related to microevol
utionary changes in monomorphic populati ons. A disparate origin of unit characters within
the complex Abiesgraptus pattern is suggested. These characters appeared independently
and heterochronously within the populations over the entire range of distribution of the
ancestral species to be later assembled into a single adapti ve syndrome. Cosmopolitan
distribution of both the ancestral and the daughter species implies a polycentric or a pan
topic emergence of the Abiesgraptus.

Ke y w o r d s: Linograptinae, multiramous colonies, phyletic evoluti on, macroevolut ion,
adaptive syndrome.
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In the last decades much attention has been paid to macroevolution as opposed to speciation, and
especially, to microevolutionary events. Theoretical considerations on the mechanisms involved in mac
roevolutionary changes can certainly be illuminating, but empirical examination of the instances of
macroevolution as represented in the fossil record has always been of crucial importance. It provides
a starting point for speculations as well as the criteria for the falsification of the hypotheses and explana
tions proposed.

The origin of the multiramous graptolite colonies within the subfamily Linograptinae is a graphic
example of macroevolution, perfectly suitable for a case study. Moreover, the generation of compound
colonies may be regarded as the most conspicuous event in the late history of the Graptoloidea.

Morphologically, the net result was transformation of the one-stiped monograptid rhabdosome into
a multiramous one, achieved through the budding of a number of secondary branches radiating from the
aperture of the sicula . This structural foundation was further developed by the formation of lateral cladia
on some of the stipes . The taxonomic effect was the appearance of three genera (Neodiversograptus,
Linograptus, and Abiesgraptus) forming a separate subfamily, the Linograptinae. The ecological results
involved the formation of a novelty - in the form of compound rhabdosomes probably adapted to living
in low energy waters. This was a great evolutionary success, and such colonies were flourishing in the
Late Silurian-Early Devonian seas .

In every respect, therefore, the emergence of linograptids represented the transspecific level of evol
utionary changes. What is more, the case of the Linograptinae illustrating the mesoscale of changes is
especially instructive as it enables tracing the relations between sequential speciation and macroevolution
ary processes proper. In addition to the analysis of the record, the aim of the present paper is to provide
a conceptual framework for understanding of the processes involved.

DEFINITION OF THE PROBLEM

The change from the standard one-stiped monograptid rhabdosome to the multiramous compound
colony may be visualized as an instant process. The appearance in a siculozooid of an ability to produce
more than just a single daughter zooid by means of simultaneous budding seems morphogenetically a
relatively simple event, a possible result of a single mutation with a considerably large phenotypic effect.
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A similar mode of budding is represented by some cephalodiscid pterobranchs, e.g. by Cephalodiscus
gracilis, where an adult zooid is capable of an almost simultaneous budding of a number of daughter
individuals. They form a stellate group of bud s in different growth stages (HARMER 1905: pI. 1, fig. 4
therein), thus providing a living model of morphogenesis in the Linograptus colonies (URBANEK 1963).

However, the emergence of linograptids followed a different pathway, that of stepwise generation of
a multiramous condition. The fossil record avail able indicates that compound Linograptus colonies were
preceded by pauciramous forms, chiefly represented by two-stiped bipolar colonies of the ance stral species
- Neodi versograptus nilssoni. It therefore seems safe to stipulate that the "technology" applied in the
macroevolutionary processes within the Lino graptinae was piecemeal rather than total , stepwise rather
than instant, producing a cumulative effect as a result of some partial improvements (see, however,
RICKARDS et al. 1994 for a different opinion as well as p. 242 herein).

Another important feature of the linograptid phylogeny is its bein g restricted to a single line of descent.
All morphological changes were realiz ed in one lineage, practically without splitting. Almost all species
belonging to the Linograptinae were sequential (chronos pecies) and , consequently, no real multiplication
of spec ies is to be found (see p. 162 for a detailed discussion ).

The idea that phyletic evolution in a single lineage may brin g about macroevolutionary effects has
fallen in disgrace mainly due to the wide acce ptance of the punctuational model of phylogeny. As stated
by STANLEY (1979: p. 17), " the pun ctuat ional model does not den y the existence of phyletic evolution,
but releg ates thi s mode of change to a subordinate role" . Moreover, there is a strong conviction that "the
speciational component of evolution so outweighs the phyletic component, in general, that it accounts for
a large majority of tran sitions between genera. The role of phyletic evolution in the origin of families and
orders is even smaller" (STAN LEY 1979: p. 19). Recently this view has been strengthened by JACKSON et
al. (1990), who claim that no anagenetic adva nces have ever been recorded in the evolution of a single
monophyletic lineage. GOULD (1990) approves this conclusion as "a strong point" , and similar ideas see m
to prevail presently, with the notable exc eption of HOFFMAN ( 1988). He did not exclude that macroevol
utionary effects may be attained within a single line of descent , quoting as an example my earli er studies
on the Lino graptinae (URBANE K 1963, see also LEVINTON 1986).

It is difficult to say whether the presentl y prevailing assessment of the significance of phyletic and
speciational changes for trans specific evolution is generally adequate, but it may well be. Unfortunately, there
is something in the very nature of scientific ideas that makes them universally accepted in their most extreme
form. Punctuationalism is no exception to this rule. Hopefully, the present case study revealing the great role
of phyletic evolution in shaping the major features of a large group of fossil anim als may provide stimulative
evidence for the ongoing debat e about the mechanisms and the course of macroevoluti on.

MATERIAL AND METHODS

The materi al analyzed herein contains not only the samples previously etched out from the Mielnik
IG-I borecore and described in URBANEK ( 1963), but also some additional one s obtained from the Pfidoli
age section of the core.

More materi al was obtained from newly collected and dissolved errati c boulders coming from the
locality Rewal and numb ered S.236 in the auth or 's collection, as well as from S.22 boulder (Jaroslawiec,
the collection of Dr. A. KOZLOWSKA-DAWIDZI UK, Institute of Palaeobi ology PAN, Warszawa), referred to
as sample A further on. Whilst S.236 contained typic al Neodiversograptus nilssoni and its age may be
defined as the N. nilssoni Zone, the boulder marked S.22 in A. KozLowsKA-DAWIDZI UK collection
contained a tran sient form , N. nilssoni/N. beklemishevi, identified herein as N. cf. beklemishevi . Graptolites
from this boulder were described by A. KOZLOWSKA-DAWIDZI UK in her MSc thesis (unpublished). The
associated faun a (Lobograptus para scanicus , Cucullograptus pazdroi , Saetograptus chimaera) is indic a
tive of what is currently defined as the L. scanicus band.

Sample B corresponds to lino graptid remains etched from the Mielnik borecore at a depth of 934.50 m
(the S. leintwardinensis Zone) and representing a transient N. beklemishevill: posthumus.

Thus samples A and B contained transients while the bulk of the mate rial may be ass igned to one of
the well-defined chronos pec ies of the Linograptinae.
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The methods used may be defined as an inductive approach to the study of phylogeny, which means
tracing morphological changes in the sequential series of samples obtained from succeeding horizons.
Following a modern wording, it can also be called stratophenetic (GINGERICH 1976). However, the use of
morphometric and statistical methods has been strongly restricted by the small numerical size of the
samples. This cannot be overlooked as an important limitation of the material presented herein.

Although based on real specimens, all figures are presented diagrammatically in order to illustrate
generalized concepts rather than factual data . They are completed by ideograms illustrating the working
hypothesis advanced in the present paper.

Scanning electrone micrographs were taken from gold-platinum-coated isolated specimens with
a Cambridge Stereoscan at IS kY.

The material of Linograptus posthumus (Rheinhard RICHTER) illustrated on PI. I is housed at the
Institute of Palaeobiology of the Polish Academy of Sciences, Warszawa, and designated in the collection
as ZPAL. G.XX.

THE FOSSIL RECORD

The recent views on the origin and evolution of linograptids owe much to the penetrating work of JAEGER
(1959, 1960, 1969) as well as to papers by TELLER (1962, 1964) and PALMER (1971) . I (URBANEK 1963) also
contributed in a study based on well-preserved, isolated material from deep boring. It has elucidated a number
of open problems concerning the linograptid phylogeny and astogeny. The descent of the linograptid lineage
is a difficult problem . The crucial fact for its understanding is a striking resemblance between the early

c
Fig . I

Resemblance of the sicular part of rhabdosome as ev idence of common ancestry. A, Pristiograptus dubius (SUESS , 1851) .
H, Lobograptus? sherrardae (SHERWIN, 1974) . C, Neodiversograptus nilssoni (BARRANDE, 1850). D, Lobograptus progenitor
URBANEK , 1966 . All diagrarnmatical , growth lines in H are conjectural (after URBANEK 1966 and KOREN' and URBANEK
1994, modified). Abbreviations: dan - dorsal apertural notch of metasicula, dp - dorsal process of metasicula, ib - initial
bud , msi - metasicula, psi - pro sicula, rl-r6 - sicular rings (annuli) , th l- th3 - successive thecae, v - virgula, vi - virgella.
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Fig. 2
Neodiversogra ptus nilssoni (BARRAND E, 1850) from N. nilssoni
Zone, an example of the early linograptid organization. AI ' proxi
mal end of a young unipolar colony. Az, A), an early and advanced
grow th stage of bilobate dorsal process seen in both aspects. Note
the presence of asymmetric dorsal spine (ds) in A.-A) - a crucial
linograptid specialization. A~, proximal end of the young primary
c1adium with growing theca I 1 and sicula lacking any apertural

elaborations. B, a young bipolar colony.

B

; e-

3
3

ds

representatives of the three major Ludlow lines
of evolution - the Linograptin ae, the Cucullo
graptinae, and the Neocucullograptinae (repre
sented by Bohemograp tus). Though these lines
featured quite divergent trends of evolution, the
differences between their ear ly representatives
were insignific ant and did not increase until
much later. Thi s might suggest that all three
derived immediately from a single ancestral
species (URBANEK 1966, 1970). It was argued
(URBANEK 1966) that this, still missing link
must have resembled, in its essential feature s,
Lobograptus progenitor URBANEK, 1966 - an
early member of the cucullograptid lineage, and
that it must have been devoid of either cucullo
graptid or linograptid specialization. KOREN '
(1991 , 1991a, and personal information) has
most recently proposed Lobograptus'l sherrar
dae (SHERWIN, 1974) from the pra edeub eli Zone
as the best candidate for their common ancestor
and provided convincing stratigraphical and
morphological evidence to corroborate her
view. L.? she rrardae, which may be classified
either as an advanced pristiograptid or a primi
tive linograptid , appeared due to adaptive radi
ation that followed the lundgreni Event, a great
biotic crisis in the late Wenlock (KOREN' and
URBANEK 1994). The material collected by
KOREN' (1992) makes it possible to trace its
origin to non-specialized survivors, namely to
the Pristiograptus dubius stem lineage. In the
praedeub eli Zone the divergence attained was
still rather insignificant and consequently L.?
sherrardae displayed only a slight distinction
from its ancestor (cf. Fig. lA, B). Such minor
features as a gracilized and slightly dorsally
curved proximal end of the rhabdosome, com
bined with some incre ase in the width of the
sicular aperture, exhausted the linograpt id "spe
cialization" at that stage ! Indeed, the crucial fea
ture of the linograptid adapti ve type - the ability
to form sicular cladia - had not evo lved yet, and
the scope of future morphological (and ecologi
cal) changes remained wholly unpredictable at
the L.? sherrardae stage of the evolution.
Nevertheless, its morph ology is unique among
its collateral relations (desc ribed by JAEGER
1991 and KOREN' 1992), placing L.? sherrardae
as an almost perfect candidate for a common ancestor of true linograptids tNeodiversograptus nilsson i) and
the earliest cucullograptids iLobograptus progenitor). Both the last named species share a number of common
features with L.? sherrardae (as can be seen in Fig. lA-D), and appear in stratigraphic sequence. L.?
sherrardae represents the prelinograptid stage of evolution. Its obvious relation to the conservative pristio
graptids of the dubius group makes the earlier views on the cyrtograptid ancestry of linograptids entirely
obsolete.

The prelinograptid stage of evo lution is represented by Neodi versograptus with its two spec ies recog
nized. The earlier of the two, N. nilssoni (BARRAN DE) as defined by me (URBANEK 1954, 1963), occurs
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Fig. 3
Adva nced linograptid orga nization as revea led by: A. Neodiverso
graptus cf. beklem ishevi (sample A, L. pa rascanicus Zone) exhibi t
ing transitional features between N. nilssoni and N. beklemishevi,
namely graci lized but holoperiphera1 theca 12• B, Neodiversograp
tus beklemishevi URBANEK, 1963 (from scanicus Zone), showing
meroperipheral theca 12 and free virge lla. C, Neodiversograptus
beklemishevi (from leintwardinensis Zone) displaying slight devia
tion of virgella (vi) (B, C after URBANEK 1963. A after unpublished

drawing by A. K OZLQWSKA-DAWIDZI UK) .
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within the epon ymou s Zone. The sporadic oc
currence of bipolar rhabdosomes in the popu
lations of N. nilsson i, e.g . rhabdosomes com
posed of a primary stipe, a procladium and an
additional sicular stadium (Fig. 2A, B), may
be considered the first distinct manifestation
of the linograptid trend of specialization
(JAEGER 1959; URBANEK 1963). The sicular
cladium is supported by a peculiar asymmetri
cally placed dorsal apertural spine of the meta
sicula (URBANEK 1954), which later forms an
additional virgula of a kind , the pseudo virgu
la, of this cladium. Thi s function of the assy m
metric dorsal spine was accurately guessed by
J AEGER (1959 ) although he had no direct evi
dence to support his supposition. The first
such evidence was provided somewhat later
( U RBANE K 1963), and since that time more
specimens of this kind have been found. The
scarcity of bipolar rhabdosomes is indicative
of a morphogenetically non-stabili zed nature
of the newly acquired trait whilst the robu st
appearance of the initi al thecae in the sicular
cladium suggests that there was a considerable
lag in the generation of the cladium as com
pared with that of the prim ary stipe. Therefore
the growt h of the sicular cladium coincided
with that of the distal thecae of the procla-

vi
dium. It is safe to conclude that those bipola r,
"diversog raptid" rhabdosomes had low fre
quency in the N. nilssoni popul ation s but eo
occurred steadily with the standard "mono
graptid" morph within the same breeding
community.

The second species, N. beklemishevi URBA

NEK, 1963, occurs somewhat higher , namely
in the interv al between the L. parascani cus
Zone (= the early part of the L. scanicus Zone)
and the S. leintwardin ensis Zone, as currentl y
defined. It repre sent s a more adva nced stage
of morphological evo lution towards Lino
graptus, the pseudovirgula of the first sicular
cladium being first formed as a symmetrically
placed dorsal apertural spine. Moreover, the
material available comprises both the forms
which are capable of forming only one sicular
cladium (Fig. 3A, unpublished material) and
those having a potenti al ability to generate
more such cladia (Fig. 3B). In the latter case,
the first theca of the sicular cladium conceals

no more than part of the metasicular aperture, leaving considerable space to be used subsequently by
additional sicular cladi a. But even then the pseudo virgula stretches straight and forward, without producing
any divergence (the angle between the dorsal wall of the metasicula and the theca is approximately 180°
(Fig. 3C) . It is only in the S. leintwardin ensis Zone that the first occurrence of forms with a certain
divergence was noted (an angle about 150°) (Fig. 4A). Such forms approac h Linograptu s to a great extent,
except for the standard structure of their virgella .
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Fig. 4
Restructu ring of the sicu1aas see n in: A, N. beklemishevi / L. posthumu s transient
(sample B, S. leintwardinensis Zone) ; B, Linograptus pos thumus (Reinhard
RICHTER, 1875) from the ultimus Zo ne. Note changes in the divergence ang le

(DA ) and modification of the virge lla (after URB ANEK 1963). B

3
3
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Linograptus with its spec ies L. posthumus (Reinhard RICHTER, 1875 ) atta in a trul y mult iramous
condition, all co lonies being capable of forming more than one sicular cladium. Th e dorsal spine of the
metasicul a and, consequently, the pse udov irgula of the first sicular cladium usually diverges at an almost
right angle from the aperture of the metasicula (Fig. 4B), thus leaving more space for the buds of additional
sicular clad ia whic h appear in a rapid succession (Fig. 5). Th ey co me out as small tubercul es on the
apertura l margin of the metasicul a that later extends into the pseud ovirgula or the axis of a given sicular
cladium. The first sicular cladium appears very early, with only a slight del ay in respec t of the primary
stipe (procladium, Fig. 5). Up to 6 uniseri al stipes are usually form ed, but in some cases as many as 15
have been observed (JAEGER 1964). The four-stiped (JAEGER 1959, 1969) or six-stiped (TELLER 1964)
rhabdosomes were claimed to represent the astoge netic norm (a fully grow n typical rhabdosome). Al
though the data on the numeri cal prevalence of rhabdosomes co nsisting of a certain numb er of stipes at
different stratigraphica l levels are so mewhat confusin g (JAEGER 1969), the entirety of the evidence
available points to the four-stip ed co mpound rhabdo some as the basic morphological unit in Linograptus.
Moreover, the intrinsic tetr americ arrange ment of the Linograptu s co lonies is indic ated by the sy mmetry
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Fig. 5
Growth correlations within sicular part of the rhabdosome in Linograptu s posthumus (Reinhard RICHTER, 1875). A-C, early
stages showing concommitant growth of distal part of the ca 11 and incipient portion of 12• D, Ad van ced stage showing that

growth of thec a 11 is co mpleted simultaneously with the forma tion of prothe cal part of theca 12 (after URBANEK 1963).

of the virgellarium, the termination of the long and robust virgella. This unique colonial device is
composed of a membraneous portion (m) which produces four petals, each ending in a long fingerlike
outgrowth (Fig. 5; PI. I : la , Vg, f).

The time of the appearance of the virgellarium cannot be precisely defined. The earlie st finding of this
structure, already fully developed, was recorded in the Mielnik borecore at a depth of 823.00 m and may
be related to the latilobu s/balticus Zone (for its definition see URB ANEK 1995 and this volume p. 94). But
the bulk of the linograptid material was obtained from somewhat earlier strata (837.60-820.00 m), that is
from the N. kozlowskii-Pseud. latilobus Interzone. These linograptids, hardly differing from the later
Pfidoli forms, were probably provided with a virgellarium, which, however, has not been preserved. This
assumption was recently confirmed by STORCH (1995) who recorded Linograptus posthumus with typical
virgellaria in the kozlowskii Zone of the Barrandian area. According to him these specimens are early
representatives of the type subspecies (L. p. posthumus), although they reveal some features which fits
better the earlier L. p. tenuis. Thus the early Ludfordian most probably corresponds to the time of the
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Fig. 6
Pattern of colony organization in Abiesgraptus as interpreted by JA EGER (1959) . The paired lateral c1adia (L'!-L1) are
produ ced at rather regu lar intervals only on the procladium (I ) and on the first sicular c1adium (2), while remaining two

sicular c1adia do not display branching (3,4). S mean s sicula (after JAEGER 1959, modified ).

origin of the virgellarium. The questions whether it could have appeared still earlier (in the leintwardinen
sis Zone) and whether its mode of appearance was rapid or gradual remain open. The appearance of the
virgellarium and the multibrachiate nature of the compound rhabdosome are the main evolutionary
novelties developed by Linograptus. It was capable of producing truly giant rhabdosomes with stipes more
than 60 cm long and colonie s numbering more than 1500 individuals (J AEGE R 1969)! The stratigraphical
occurrence of Lino graptus is largely defined by the conventionally set morphological boundaries. For the
purpose of the present analysis, its first appearance may be identified as the top of the leintwardinensis
Zone whilst its upper limit is the top of hercyn icus Zone .

In the Lower Devonian (the M. unif 0 rmis-M. praehercynicus Zone ), the linograptids with a tetrameric
foundation gave rise to highly symmetric (rhombic) colonies of Abiesgraptus (JAEGER 1959, 1969). As
interpreted by J AEGER (1959), the Abiesgraptus rhabdosome is compo sed of two main stipes (the procla
dium and the first sicular cladium) producing , at certain interv als, paired thecal cladia, and of two
additional sicular cladia placed normal to the main stipes and devoid of thecal cladia (Fig. 6). During its
early astogeny, the Abiesg rap tus rhabdosome is indistinquishable from the four-stiped Linograptus. It is
not until later that many paired thecal cladia are produced on the two earlie st stipes, which results in
a sharp morphological discontinuity between otherwi se closely related taxa. Thecal cladia grow bilaterally
from the aperture of the parent theca (supra-apertural budding ), being supported by a pseudovirgula, a rigid
rod which probably emerged as a lateral apertural spine of the' parent theca . The generation of paired
thecal cladia on the main stipes of the Abiesgraptus rhabdo some may have led to an improvement of the
colony balance and to a better use of space and food resource s (JAEGER 1969). The resulting complex
colonie s densely covered large areas (approximately 1770 square centimetres), intensively exploited by
a great number of zooids (perhaps more than 3000 zooids in a single colony ; M ULLER 1965). The presence
of a virgellarium has not been proved in Abiesgraptus because of the strong "carbonization" of the central
portion of the colony, making structural details quite obscure (JAEGER, personal communication). It is,
however, equally possible that a virgellarium was present as a legacy from the linograptid ancestors or
that it was already reduced to be replaced by a generally more efficient suspension system thanks to the
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lateral branching and the extensive area occupied by the colony. The abiesgraptid species constituted the
final stage of the L.? sherrardae-N. nilssoni evolutionary line, representing at the same time, one of the
most complex graptoloid colonies ever formed. One can conclude that there are sufficent data allowing
the origin, divergence and anagenetic advance in this lineage to be traced over an imposing time span 
from the praedeubeli Zone (Homerian) to the hercynicus Zone (Lochkovian) , and possibly even higher
up to the fanicus Zone of Pragian, where last abiesgraptids were recorded.

While the bulk of the material available is strongly suggestive of a stepwise emergence of multiramous
condition, the recent study by RICKARDS et al. (1994) on the Ludlow graptolite fauna from New South
Wales (Australia), speaks in favour of a rapid origin of multiramous forms, directly from N. nilssoni. This
is indicated by the occurence of an endemic multiramous form, Linograptus orangensis, at the bottom of
the nilssoni Zone. The form in question is in some respects rather unique and even in opinion of RICKARDS
et al. (1994: p . 12) "does not help understanding of the relationship of Neodiversograptus to Linograptus".
This is because of the growth direction of sicular cladia in "L. " orangensis are either reclined or
straighforward (and only in one specimen a sicular cladium grows downwards). In my opinion the
Australian form represents a stage of evolution comparable with N. beklemishevi and probably is of
a somewhat later age (boundary of nilssoni-progenitor or even bottom of scanicus Zone). It is possible
that large part of what is considered there the nilssoni Zone, should be already assigned to the scanicus
Band, as it is indicated by the FA's of advanced lobograptids in NSW sections. The precocious origin of
this multiramous form might be explained as illusory, an effect of different interpretation of stratigraphic
data in Australia and in Europe. More enigmatic is the still earlier occurrence of a single specimen of
multiramous Linograptus sp . in ludensis Zone. However, until more data are available I would prefer
a stepwise emergence of Linograptus, to RICKARDS' hypothesis of its instantaneous origin from N. nilssoni.
The latter view fails to explain why in Europe the evolution of multiramous linograptids is stretched over
several graptolite Zones.

THE FUNCTIONAL AND ADAPTIVE MEANING
OF THE EVOLUTIONARY CHANGES

The life orientation of the standard monograptid uniramous colony in the water column has not been
convincingly established, current opinions representing contradictory views summarized in the papers by
BATES and KIRK (1984), LENZ and CHEN (1985), and FINNEY and JACOBSON (1985) .

In the light of new studies (RIGBY and RICKARDS 1989; RIGBY 1992) on physical models of graptoloid
colonies, the characteristic dorso-ventral curvature in the proximal part of the N. nilssoni procladium could
be regarded as a factor causing the rotation around the long axis and enhancing the feeding efficiency.
There is little doubt that the appearance of two-branched, bipolar-growing ("diversogratid") rhabdosomes
in Neodiversograptus nilssoni had a great impact on the balance and hydrodynamic properties of the
colony. The resuling situation, however, can only be described in a hypothetical way.

Accepting the vertical orientation of the uniaxiate monograptid colonies as the most reasonable
hypothesis, one could posit a horizontal orientation for the diversograptid bipolar morphs. This may be
visualized all the more easily assuming a heterodoxal, "upside down" life orientation of monograptid
colonies, with the sicula directed upwards as suggested by KIRK (1969, 1972, 1978). The change of
orientation from the standard form to the diversopraptid one may be expressed as follows: V---7H-, where
V is vertical orientation with the sicula directed upwards , whilst H-denotes a horizontal life position with
the sicula in the middle (Fig. 7A, B).

Less obvious is the impact of such changes on the balance of the uniaxate colonies oriented vertically
with their siculae positioned downwards (V , Fig. 7A) . It seems probable that in the latter case the bipolar
rhabdosome preserved its primary vertical orientation: V---7V-, rather than changing it to a horizontal
position: V---7H- (Fig. 7C).

A reversed orientation as proposed by KIRK (1969) would be a kind of prospective adaptation to future
changes in the life position of the rhabdosome. Such horizontally oriented bipolar rhabdosomes , both in
their rectilinear and bent form, ought to face a number of hydrodynamic problems, even if one assumes
fairly great flexibility during life.
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Fig. 7
Diagram showing the possible orientation of linogra ptid colonies in the water column: A, B, vertica l orientation of unipolar
colony with its sicula downw ards (A) and upwards (B); C .. Cz, possible orientations of siculate bipolar colonies, with sicular
c1adium downw ards (C l) or both c1adia oriented horizontally Cz); D, com pound colony of Linograptus oriented with
virgellarium (vg) and sicula upwards while proximal part of branches are penden t and later bent subhorizontally. Further

explanations in text.

The ability to genera te a numb er of sicular cladia in N. beklemishevi was a certain improvement in the
stability of the rhabdosome and produced a larger working surface which may have prevented sinking.
But it was the appearance of a regularly multiramous Linograptus rhabdosome that radically improved
the balance of the colony, ensuring a far better stability in calm waters. The presence of a divergence
angle in the proximal portion of the stipes resulted most probably in a pendent position of the rhabdosome
(P), at least in the early astoge netic stage (U RBAN EK 1963). Th is may take the form of: H-~P and is
shown in Fig. 70 as seen in the isolated proxim al fragments of some such rhabdosomes.

However, the distal portions of the c1adia were secondarily reflexed takin g aga in a more hori zontal
orientation (JAEGER 1959). Thu s the orie ntation of the Linog rap tus co lony may be described as changing
astoge netically from pendent (P) in the centre to hori zont al (H-) or subhorizontal (SH-) on the periphery.
As long as we assume a buoyancy function of virge llarium (vg), a reverse position of rhabd osome (with
vg oriented downward) see ms very unlik ely.

Such distin ct differences in the shape of parti cul ar growth stages of the colony provide evidence of
their obviously different mode of life position in the water column, and genera l hydrodynamic properties.
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According to FINNEY (1986), such growth differences were instrumental in avoiding too severe intraspe
cific competition thanks to confining the juvenile and the mature growth stages to different habitats. This
strategy was surely important for organisms like linograptids which probably frequently lived in huge and
densely crowded populations.

A Linograptus colony may be visualized as essentially passively suspended in the water column due
to a specialized device, the virgellarium (cf. p. 240) . Its structure and position within the rhabdosome is
strongly suggestive of a buoyancy function (URBANEK 1963 ; TELLER 1964; JAEGER 1969) although its
operation is difficult to understand. The earlier suggestions that the virgellarium was merely part of the
skeleton supporting a vesicular structure made of soft tissues (URBANEK 1963) are undermined by more
recent views on the mode of secretion of the graptolite colonies. (CROWTHER 1981). They assume a purely
pterobranch way of secretion by individual contributions of the zooids, which depositing new skeletal
material due to the movements of the cephalic disc were responsible for the secretion of both the fuselli
and the cortical bandages (see URBANEK 1986 for an extended discussion of this question). The presence
of any extrathecal soft tissue in graptoloid colonies seems therefore doubtful, although FINNEY (1979)
presented new and suggestive data in favour of the old idea about the presence in them of vesicular
buoyancy organs. Still it is also possible that the petals and the finger-like outgrowth of the virgellarium
served as the place of attachment of a gas bubble or a large droplet of a liquid fatty substance capable of
reducing the relative density of the colony (Fig . 5). Such a buoyancy material may be imagined as secreted
by the siculozooid, and regulation of its amount could result in vertical migration of the colonies. In the
Early Pfidoli, several branches within a single linograptid colony produced an additional suspension effect
(although they mostly served as stabilizers), while geologically younger forms with a reduced number of
branches were suspended mainly with the help of an elaborated virgellarium (Fig. 7D, vg) .

The generation of lateral thecal cladia in addition to the main stipes of the Linograptus rhabdosome
finally solved the problem of balance. The resulting Abiesgraptus compound colony was strongly stabi
lized. The potential ability to produce lateral thecal cladia appeared early in the phylogeny of the
Linograptus-Abiesgraptus line of descent, as shown by the sporadic occurence of rhabdosomes provided
with only one pair of thecal cladia (TELLER 1964; the Pfidoli, probably the ultimus Zone) or even with
a single unilateral cladium (JAEGER 1969 ; the Lochkovian, the uniformis Zone) . Such trials which instantly
offered a certain advantage in the balance were probably favoured by natural selection and followed by
a more ordered generation of numerous thecal cladia with a precise morphogenetic control of their
formation (see p. 256 herein) .

In addition to a high degree of stability, lateral thecal c1adia also accounted for an increase of the working
surface in Abiesgraptus, which prevented sinking and had a suspension effect. Combined with the flattening
of the proximal part of the rhabdosome, these features made the Abiesgraptus colony leaf-like.

This suggests that advanced linograptids were partly hydrogliders capable of gliding on horizontal
currents (BERRY et al . 1987) . However, in contrast to what BATES and KIRK (1984) say they were not
stiffly branching, but highly flexible, yielding to wave motion rather than resisting it.

This rhabdosome type seems to represent extreme adaptation to the near surface dwelling. Thus the
entire evolution of linograptids may be interpreted as an escape from the oxygen deficient zones towards
better aerated surface waters, with Abiesgraptus manifesting the terminal stage of the process. The above
interpretation differs from that of BATES and KIRK (1984) who posit that Linograptus and Abiesgraptus
were lower layer colonists (a habitat created, in their opinion, in the Late Silurian-Early Devonian as
a result of eustatic changes in the sea level l) and not surface dwellers. The present interpretation seems
to offer a better explanation of the foliate shape of the Abiesgraptus rhabdosome, agreing well with the
most recent model of the hydrochemical regime of the Silurian seas proposed by BERRY et al. (1987).
Based on the Recent conditions observed in the pacific Ocean off Peru, this model assumes the presence
of a "hanging", shallow (a few hundred meters deep) Oxygen Minimum Zone (OMZ) instead of a massive
bottom anaerobic zone as implied by the classical Black Sea model. The upper level of the sea must have
constituted the graptoloid habitat while the presence, depth and thickness of the OMZ were probably the
main environmental factors controlling their evolution. Moreover, linograptids (and especially L. po sthu
mus) were ubiquitous representingg an almost omnipresent element of the various graptoloid assemblages.
According to the line of reasoning offered by COOPER et af. (1991), such behaviour seems more indicative
of an epipelagic depth zone than of any deep water biotope. Therefore, unlike the slender multiramous
Ordovician dichograptids and contrary to what was posited by BATES and KIRK (1984), linograptids must
have occupied the near surface waters of the ocean, "leaking" from this biotope into the epipelagic zone
of the shelf.
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The pattern of the Abiesgraptus rhabdosome ,especially its numerous and regularly spaced lateral cladia,
indicates that a certain principle of economy was involved in the formation of such coloni es (JAEGER
1959). Abiesg raptus evidently repre sented an instance of a very effective utilization of space and exploi
tation of the trophic resources. FORTEY and BELL (1987) applied the notion of harvesting array for
graptoloid colonies , considering this factor to be responsible for the pattern of the multiramou s ones.
Linograptids provide a convincing example of the maximization of harvesting efficiency. As calculated
by MULLER (1965), an Abiesg raptus colony covered an area of some 170 square cm explo ited by more
than 3000 zooids on its branches! Thus a high harvesting effic iency was achieved in Abiesgraptus through
a mere increase of the number and concentration of zooids (dense packing in a limited area). The solution
of the adaptive problem, however, did not involve the elaboration of complex apertural aparatuses allowing
an increase in the individual feedin g efficency of particular zooids (the trend of recorded evolution
encountered in the Cucullo graptinae and Neocucullograptinae and a number of other groups). The strategy
chosen by the linograptids resulted in the development of simple thecae and complex colonies whereas
in the majority of monograptids the thecae were elaborated and the colonies simple.

Thus the flat leaf-like colonies of Abiesgraptus featured an adapti ve syndrome ensuring the solution
of the three main problems at once : a perfect balance of the colony, its almost steady suspension, and
a high harvesting efficiency of the colony as a whole .

A MORPHOGENETIC INTERPRETATION OF THE RECORD

The appearance of a bipolar siculate morph in Neodiversograptus nilssoni, although per se a cruci al
evolutionary event, was by no means unique. Sporadic occurrences of such bipolar rhabdo somes were
recognized by RICKARDS (1973) and RICKARDS et al. (1977) in a number of quite unrelated monograptid
groups. It may be thought, therefore, that the latent ability to produ ce sicular clad ium in advanced
astogenetic stage, was a common feature in most monograptid s. Phenotypic expression of this morpho
genetic potential in N. nilsson i (and in other similar cases), may probably be ascribed to developmental
switches, due to mutation or other changes in the genomic background , as it was recognized in epigenetic
systems of many extant organis ms. In the case of Diversograptus and Neodiversograptus this new pattern
of development was later fixed as a norm, probably due to favourable selection pressure. The nature of
the adaptive advantage represented by bipolar morph is obscure and may only be hypoth etized (see p. 242,
herein), but the evolution ary success of it is clearl y demonstrated by the available fossil record.

Moreover, the ability of Neodi versograptus nilssoni to generate not only a normal monograptid branch
(the procladium ), but also an additional one (the sicular cladium) seems to be due to a mechanism similar
to the rejuvenation of the siculozooid. The daughter individual (12) produced by the siculozooid (si)
conceals the entire metasicular aperture, leaving no space for the siculozooid proper (Fig. 2B). Therefore
the first zooid of the sicular cladium (12) may only be considered a further growth stage of the metasicu
lozooid , the result of additional growth after a considerable arrest marked by the thickened apertural
margin of the metasicula. This may be best explained as a morphogenetic reactivation of the metasiculo
zooid, a process similar to the cases of rejuvenation or parricidal budding in some corals. After being
reju venated, 12 generated 22, the first zooid proper of the sicular cladium.

The asymmetric position of the dorsal apertural spine (ds) of the metasicul a, later transformed into the
pseudovirgula of the only sicular cladium and shifted secondarily into the plane of symmetry, corroborates
the view that the entire construction was relatively imperfect at the early stages of its phylogeny. This
asymmetry, in turn , was a direc t effect of the bilobate nature of the dorsal process divided by a notch into
two lateral lobes (URBANEK 1954; Fig. 2A2, A3 herein). Thus, the above-mentioned relative imperfection
resulted from simple topographic or geometrical constraints.

The large size of its thecae sugges ts that the sicular cladium in Neo diversograptus nilssoni was a later
formation than the primary branch (the procladium ). From the growth correlation control within the
graptoloid colonies it follows that isochronous thecae are isomorphic (Thorsteinsson rule, URBANEK 1960,
1963, 1970). Thus, the size and shape of the first thecae of the sicular cladium in N. nilssoni are indicative
of their being formed simultaneously with the distal portion of the procladium (the prima ry stipe). The
rich material analysed by PALMER (1971) shows that the sicular cladium was usually formed around the
theca 16 ' growth stage of the procladium , although a certain lag in the developm ent of theca 12 observed
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in other multiram ous monograptids may account for its some what earlier initiation (say at the theca 13'
stage). A cons iderable variation in the timing of the appearance of the sicular c1adium has also been
demonstrated .

Becau se of the large size of theca 12, its base filled the entire space of the metasicul ar aperture, which
instance may be term ed the holoperipheral budding (Fig. 8A). As a result, the aperture of the sicula wa s
completely sealed; there was no space for more buds init iating additional sicular c1adia . This was a new
geo metrica l con straint , allowing the formation of only a single sicular c1adium . Moreover, the big size of
the grow ing 12 invol ved the incorporati on of the main port ion of the virge lla int o the ventra l wall of the
growing theca, thus exc luding the possibility of a progressive modi fication of the virge lla, so charac teris tic
of the later history of the Linograptinae (Fig. 2B, vi) .

The majority of N. nilsson i spec imens figured by P ALMER (197 1) displ ay some degree of divergenc e
of the sicular c1adium , the result of a similar divergenc e in the growth of a long (up to 8 mm ) and stout
dorsal apertura l spine of the metasicul a, which later tran sformed into the pseudovirgul a of the sicular
c1adium. Th is co ntras ts with the stra ightforward growth of thi s spine in N. beklemishevi . However in N.
nilssoni , the ge nera lly robust theca 12 co ncea ls the entire apertura l margin of the met asicul a ( PALMER

1971 ; Fig. 4 therein), thus the divergenc e of branches has no effect on making more space for additional
sicular bud s. Lat er, after the grac ilization of theca 12, such di vergenc e produ ced a far-reach ing result,
nam ely, meroperipheral budding (see p. 248 herein).

A delay in the ge neration of the sicular c1adium in Neodiversograptus nilssoni acco unts for the fact
that not unt il the 161 thecal stage was it able to atta in the bipol ar, diversograpt id organi zation . Although
the presence of the long dor sal apertural spine of the metasicul a, a prerequisit e for the formation of the
sicular cladium, is a spec ies-spec ific charac ter, only a fracti on of the co lonies displayed the bipolar
phenotype. Was the appearance of the bi-ramous rhabd osom e only a fun ction of the age of the col ony, or
did it also involve some genetic differences? The answ er is naturally uncertain (see p. 247 herein ). But it
is worth mention ing that the genetic fac tors whic h co ntrol the formation of the cladium were ex pressed
fairl y late in the astogeny of the Neodiversograptus nilssoni co lonies .

The populations from the parascanicus- scani cus Zo ne which may be ass igned to Neodiversograptus
cf . beklemishevi are composed of forms invari ably provided with a sy mmetrica lly placed dor sal apertural
spine of the metasicul a. In spite of this change, these populations sti ll co mprise both forms displ aying the
holoperipheral budding of theca 12 and therefore ca pable of forming only one sic ular c1adium (unpublished
MSc thesis of A. K OZLOWS KA-DAWID ZI UK ) , and much more advanced forms . The latter morph features
a much sma ller size of theca 12, thus leavin g part of the sicular aper ture uncovered and crea ting a potential
for the fo rmation of more than one sicular c1adium. Th is situation may be termed the meroperipheral
budding as only part of the aper ture of the moth er theca is bein g used (Fig. 8e). In accorda nce with the
Thorstein sson rule (see p. 245), the smaller size of theca 12 is indicative of its earlier ge neration, at a tim e
coin ciding with the growth of the proximal thecae. It is obvious therefore that the mechani sm of asto
ge netic acce lera tion was used to avo id the obstacles resulting from the above-men tioned geometrical
constra ints . At the same time, the virge lla was set free fro m its assoc iation with the ventral wa ll of the
bulky holoperipheral 12, entering the path of its future modif ication. These co mparative advantages were
still co mbined with certain imp erfections, such as the straightfo rward gro wth of theca 12, a mechan ical
co nsequence of the same dir ection of the symmetrical dorsal apertura l spine of the sicula, ex tending into
the pseud ovirgul a of the c1adium (Fig. 3A, B).

Thus the co urse of phylogenetic eve nts was not quite co nsis tent. An earlier trait - the ability of the
dorsal apertura l spine of the metasicul a to diverge, so frequent in the early N. nilsso ni population s ( PALMER

1971), was so mehow lost and repl aced by a potenti all y less adapti ve (Hinadaptive") character state, namely
the stra ightforwa rd orientation of the abo ve spine in N. beklemishevi ( URBANEK 1963 ). The ada ptive
incon sistencies of the real course of the evolution are dem onstrated by (I ) the functional ineffectiveness
of the divergence of the two stipes because of the bulky size of 12 in N. nilssoni which, in spite of the
divergence, covers the entire metasicular aperture, (2) the dissapearance of the divergence when the
gracilized theca 12 makes it possibl e to free a part of the apertura l space for the additio na l buds, and
moreover, (3) the later restitution of the divergenc e in the linograptid stage of evolution, thus producin g
secondarily the most adaptive combination (sma ll theca 12 plu s the divergence of the sicu lar c1adium (see
p. 247 herein ). Such a zig -zag pattern of behaviour of a single charac ter see ms not exceptio nal in the
phylogeny.

The meroperipheral mod e of budding in the advanced forms of Neo dive rsog raptus beklemishevi
resulted in the co-existence of a phy siologicall y ac tive metasiculozooid (si) with its daught er indi vidu al
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Fig. 8
Geometrical constraints at the aperture of metasicula (si) in Linograptin ae: A, holoperipheral budding of theca 12 in
Neodiversograptus, occ upying the entire diameter (d) of metasicualar aperture and leaving no free space for additional bud s.
This situation produces an obstacle for genera tion of more c1adia . R, more free space (d2, Si2) may potent ially be gai ned by
simple widening of the aperture from diameter (d) , Si) . A free space created in this way could be used by additional c1adia.
C, free space at the sicular aperture (arrow) may also be attained by slimming of theca 12 (change from diameter d, to dz),
which needs an acce larat ion in forma tion of theca 12, because of grow th correlation within the co lony. D, more free space
at the sicular aperture may be attained with the same width of 12, through a deviation in the direction of its grow th. Free area

is direc tly related to the ang le of deviation, a.

(12). The latter is no longer a reju venated or parri cidal siculozoo id, but a norm al blastozooid formed due
to budd ing from its parental individu al which, correspondingly, behaves as 22 in N. nilssoni. Thi s effect
may also be interpreted as a result of acceleration (see Figs 2B and 3B).

The emergence of Linograptus was therefore intim ately related to the generation of a numb er of c1adia
from the aperture of the parental metasicula, which posed a constructional problem - an elegant and
simple instance of constraint. In the case of linograptids, the nature of the constraint is both developmental
and physical, as the realization of the multiramou s pattern of the colon y (a certain phen otype! ) is prevented
by the physical (geometrical) prop erties of the meta sicula, that is by the limit ed space of its aperture (Fig.
8A). Thi s hindering of the form ation of additional buds impo ses quit e seve re bound ary conditions on the
development of a multiramous rhabdosome. Howe ver, such constraint, arising from the local topographic
situation, might be overcom e, at least potentially, by a number of simple solutions, e.g. ( I) by the
expansion (widening) of the aperture of the sicula (Fig. 8B), (2) by the narrowing of the base of the
daughter theca 12 (Fig. 8C) and leaving in this way some free space, or (3) by the divergence of the
prim ary sicular c1adium due to a change in the direction of its growth, thus creating free space for
additional buds (Fig. 80). It is quit e obvio us that each of these changes (1- 3) would have produced some
open space at the sicular aperture which could have been used by a number of additio nal buds, each
initiating a new sicular c1adium. However, in the real course of evo lution, linograpt ids never used solution
I, although monograptid s with a stro ngly expanded (trumpet- like) sicula occ ur spora dica lly in the Upper
Silu rian and are comm on in the Lower Oevonian. What they used instead was a combination of solutions
2 and 3 (Fig. 8C, 0 ). As a result , theca 12 is both slimmer and diverging. The primary requ irement 
getting slimmer - was in itse lf qu ite a co mplex task because of ano ther developmental constraint - the
regulatory mechanism contro lling the size and shape of the thecae which are generated simultaneous ly on
the grow ing tips of the multiramous co lonies. Thu s a lag in the formation of theca 12, the prim ary c1adium,
resulted in its concommitan t growth with one of the distal thecae (usually 16' or eve n a more distal one)
and, correspondingly, determin ed its robust appearance [the above Thorsteinsson rule (p. 245) sta ting that
isochronous thecae are isomorphi c because of their equal morph ogenetic potenti al] . Large-sized 12 thus
appeare d due to holoperiph eral budd ing as defined above . The change to a meroperipheral condition
invo lved the acce leration of the generation time of 12 in order to make it grow simultaneously with a much
more proximal theca (approx imately with 2'), which automatica lly dictated its smaller size (Fig. 8C). In
other word s, form ation of 12 in L. posthumus is accelarated by 15 thecae as co mpared with N. nilssoni.
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Thus the processes involved are much more than mere diminution of the thecae of the first sicular c1adium
- they followed a rigid pattern of colony organization with its system of growth correlation.

The second elementary proce ss, consisting in the divergence of the sicular c1adium (change in the
growth direction), is of particular importance for it produces more free space for a give n diameter of the
base of 12 (Fig. 8D). As suggested by URBANEK (1989), the problem of the geometrical constraint can be
quantifi ed in a simple way. The angle of divergence (marked D or B) is related to the angle of deviation
of theca 12 according to the formul a: ~ = 180°-u and u = 180°-~.

The free space created by the moving away of theca 12 is proportional to D-x, where D is the diameter
of the sicular aperture and x = d cos o ; Therefore the space (area) which may be operationally used by
the additional buds is directly proportional to the angle o; attaining its maximum at U = 90° (cos 90°= 0
and correspondingly x = 0 whilst the free area equal s that of the entire aperture!), but inversely proportional
to the diameter of the base of 12. The area accessible to the additional buds is proportional to the free
surface of the aperture and may be calculated from the formul a given below. The area of the sicular
aperture, A, could be aproximately calculated by considerin g it a circle with a diameter D, which equals
that of the aperture, in other words by using the formul a: A = 1/4 1tD2.

In holoperipheral budding (e.g. in Neodi versograptus nilssoni), the diameter d of the circular base of
theca 12 is equal to the diameter of the sicular aperture, D, (d = D). The sicular aperture is completely
concealed by the circul ar base of theca 12 (the conc ealed area C = A) and naturally there is no free space
F left , thus F = O.

Advanced linograptids with the meroperiph eral budd ing of theca 12 display, however, a different
relation , D > d, and in their case, the base of theca 12 conceals only a portion of the apertura l area (C),
leaving the rest of it (F) free: A-C = F, where A and C are the areas of the bigger circle (the sicular
aperture) and the smaller one (the base of theca 12) as shown in Fig. 9.

Additi onal free space may be created by the turn of the base of theca 12 by an angle u contained
between the plane of the sicular aperture and that of the base of theca 12 as can be seen in Fig. 8D. The
angle «, showi ng the deviation of theca 12 from its horizont al position , is related to the commonly
measured angle of divergence of the two main branches of the rhabdosome, ~; thus ~ = 180 0 - u . As a rough
approx imation, one can assume that the recond ite area of the sicular aperture corresponds to the orthogonal
projection of the base of theca 12 on the plane of that aperture. Such a projection represents an ellipse
(Fig. 9), whose minor axis b may be calculated from the simple relations show n in Fig. 8D, namely b = d
cos c , whilst its major axis, a, remains constant, a = d.

Therefore C, the area concealed by the deviating base of theca 12, is equal to the area of such an ellipse
(S = rtab) and may be calculated by the formul a: C = 1td2 cos o . From the above it follows that C depends
on the value of cos u and varies inversely as o. increases within the quadrant 0-90°. The greater the angle
of the sicular c1adium deviation, o, the larger the uncovered area produced within the aperture . At a given
angle o, the uncovered area (F) of the sicular aperture equals A-C, where A and C may be calcul ated by
the formul as defined above, and the free area is F = 1/41tD2_1td2 cos n,

The above simpli stic approach is valid under the conditi on that d is considerably smaller than D, d < D,
which is certainly true in the case of meroperipheral buddin g, e.g. in Linograptus: d -l/3D. Only then the
entire concealed area fits within the limit s of the aperture, A. But when both diameters are close to being
equal, d - D, the recondit e area falls largely outside the limits of A, making the ca lculation of the uncovered
area a less trivial task!

This simple case of a single sicular c1adium may easily be spread to embrace a multi ramous condition
involving m sicular c1adia under the assumption (and a fairly realistic one) that U and d remain very
similar for all branches. Thus a strongly reduced free area, F, will become: F = 1/4 1tD2-m 1td2 cos o ;

In extreme cases where m = 15, the bases of the sicular c1adia were unbelievably tightly packed , the
siculozooid being transformed into a sort of a stolonal node and a bunch of sto lons radiating from the
aperture of the sicula.

However, standard tetrameric Linograptus rhabdosomes offe red more space for the continuation of the
actvity of the siculozooid along with that of its daughter zooids.

The divergence of the dorsal apertural spine of the metasicula (later transformed into the pseudo virgula
of the sicular c1adium) may be interpreted also as co-aptation - an instance of regulatory adjustment of
different parts of the evolving biosystem in the course of evolutionary changes.

In the real phylogeny, the first proce ss, the acceleration of the formation of 12 and its resulting
gracilization, occurred earlier (N. cf. beklemishevi, the scanicus Zone) whereas the second one, the change
in the direction of the growth of 12, was triggered somewhat later (Neodive rsograptus/Linog raptus
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Fig. 9
Relation of coancealed area of metasicular aperture (strippled) from IX, the angle of deviation of sicular c1adium.

Further explanations in text.

transients, the leintwardinensis Zone , attaining divergence angle, DA of some 1500 and a 30 0 as compared
with 0 A 1150 and a 650 in typical L. posthumusi . Secondarily, however, both features were fused into
a single adaptive syndrome.

The Linograptu s astogeny features a few other changes, which may also be interpreted in the light of
the morphogenetic mechanism. The shortening of the metasicula, which is distinctly reduced as compared
with that in Neod iversograptus, reveals a tenden cy towards rapid generation of cladia , the metasiculozooid
being only a nodal point in the astoge ny. A greater share of the prosicula (the larval theca ), than that of
the metasicula (the theca of a metamorphosed zooid), was interpreted as phoetalization of some kind
( URBANEK 1963).

The Abiesg raptus rhabdo some appears through the generation of paired thecal cladia on the two
primary cladia of the four-branched linograptid foundation. The distance between the mother thecae of
the thecal cladia growing distalward s (MULLER 1965) is an example of morphological gradients in
compound colonies. Each paired thecal cladium which budded from the aperture of a mother theca most
probably created a morphogenetic field exerting control over a certain area of the main stipe and inhibiting
the formation of other thecal cladia. The areas controlled in this way increased distalward s.

Morphological changes in the evolution of the Linograptin ae were focused on the pattern of the
rhabdosome, with only negligible effec ts in the thecal morphology. Whil st the thecae retained their simple
structure with only some minor changes, the pattern of the rhabdo some was profoundly transformed. It
was the entire colon y rather than individual zooids that were the target of natural selection.

A POSSIBLE RECONSTRUCTION OF THE NUMERICAL DYNAMICS
IN LINOGRAPTID CHRONODEMES

The temporal species (chronospecies) described within the Linograptinae (N. nilssoni, N. beklemishevi,
L. posthumus, A. tenuiramosus) were recognized on the basis of a certain distinct morpholo gical norm.
One can assume that such norms can easily be traced in large samples, corresponding most probably to
the period s of proliferation (acme) of a given lineage. Thus the discrimination of the temporal species is
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Fig. 10
A diagram showing the alternating pattern of proliferation (A. C ) and scarcity (B) of fossil popul at ions (chro node mes) as
revealed in the stratigraphic sequence and related to the evolutionary dynami cs and variation spec trum of the populations
within a lineage. The periods of abundance correspond to adaptive equilibrium when adaptive optimum (+) is situated clo se
to the norm (N) and se lection pressure has a stabilizing effec t (S with equa l arrows in A). During the periods of scarcity ,
prim ary norm (PN) and adaptive optimum (+) disjun ct result ing in a direction al se lection (S with inequ al arrow s) and a
gradual shift of the mean (B) . Next adaptive equilibrium is attained when a new norm (NN) reaches the position of actu al
adaptive optimum (+) and stabilizing se lection is res tored (C) . Most chro nospecies are defined by popul ations like A and C.

to a large extent preconditioned by the very natu re of the fossil record displ aying episodes when the
popul ations (chro nodemes) show high abundance , alternating with intervals of relative sca rcity.

Hence prolifi c popul ations are commonly discrim inated as separate taxa, whilst the taxonom ic eva lu
ation of less abundant popul ations, which occ ur at the borderlin e between the adjacent, well-defined
chronospec ies (nilssolli-beklemishevi-post llllmlls), poses a difficult task. One ca n hypothesize that dur ing
such intervals the popul ation size of successive chronodemes was reduc ed , thus producing a "bottleneck
effect" and creating conditions for a faster transformation. Among such popul ations a morphological norm
is diffi cult to defin e because of their sca rcity, on the one hand , and co nsiderable changes in the subsequent
zonal popul ations (chronodemes), on the other. Such zonal variation makes any lumping of these popu 
lations into a clearl y defined species a questionable procedure.

The above pattern of altern ating proli feration and scarcity, or of a well-stabilized morph ological norm
and a changing one, as observed in the history of the Linograptinae, can be interp reted as follows (Fig. 10).

Proli fic population s were probably associated with the periods of adaptive equilibrium, when selection
pressure having a stabilizing effect was less severe. In term s of punctuali sm, these periods could be
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described as stasis, altho ugh the application of thi s term does not impl y the entire phil osoph y of thi s
phenomenon as usually suggested by pun ctu alists, Such period s of relati ve abunda nce and stabilized
morphology were rather short in the case of N. nilssoni and N. beklemishevi and fairl y long in such spec ies
as L. posthumus (Fig . lOA, C).

The intervals separating the periods of stas is feat ured a loss of adapt ive equilibri um when there was
a shift between the most adaptive co nd itio n (favoured by se lect ion) and the previous norm, already fixed
in the course of evo lutio n. Th e resu lting directi onal (dynamic) se lec tion was probably a mover responsible
for a relatively fas t transformati on of the popul ation structure and the phenotypi c ex pression of ce rtain
traits (Fig. lOB).

In the Linograptinae, the rate of morphological changes was, however, never parti cul arl y high . The
presence of transient forms, altho ugh insu fficient for tracin g every change, suggests an essentially co n
tinu ou s pattern , but a succes sion of rapid shifts ca nno t be excluded. Th at is the reason why such sca nty
and variable populations set an uneasy task to a taxon om ist and frequ ently are simply omitted in identi
fication procedures. In the present paper, they are treated as a bord erline between the parent al and the
daught er temporal species. Th e processes associ ated with those peri ods of relati ve instability may most
prob abl y be regard ed as speciation events. As no branch ing (splitting of the lineage) occ urs, such spec i
atio n should technically be defined as phyl etic spec iation or transformation.

The change from L. P OS thIl11l11S to A. tenu iramosus reveals a so mewhat different mech ani sm - a slow
tran sformation in large populat ions, without any ev ide nce of bottl enecking in the lineage. Quite to the
co ntrary, the foss il data demonstrate that immedi ately before the appea rance of the descend ant spec ies,
the ance stra l L. posth umus displayed (at least in Central Euro pe) a ge nuine populat ion ex plos ion (see
p. 256 herein ).

Thus the peri ods of relative sta bility within the seq ue ntia l spec ies of the linograptid lineage ca nnot be
understood as a co mp lete arrest of morphological cha nge . Such an arrest ca n be observed in some
monophyleti c lineages, e.g . Grypha ea (HALLAM, 1982) or Metrarabdotos (CHEETHAM , 1987). On the
con trary, the "zonal evo lutio n" in Linograptus POSth lll1l11S may be used as an examp le of a series of cha nges
(in the number of the sicular cladia, in the appearance of the thecal cla dia or in the di rection of the growth
of the branches in the proximal end of the rhabdosome), which alone wo uld not be sufficient for the
discri mination of a morphospecies as cur rently defined, but which doubtlessly produce a cumulative effect
influencing the co urse of the phylogeny.

AN ANALYSIS OF THE PERIODS OF STASIS
WITHIN THE LINOGRAPTID LINEAGE

The populati ons (chro node mes) of Neo diversograptus nilssoni from the nilsson i Zo ne were co mposed
of two distinct morphotypes: ( I) the standard monograpt id for m with a uniram ous rhabdosome and (2) the
diversograptid fo rm with a biram ous (bipo lar) rhabdoso me. Although the latt er morphotype is rare as
co mpared wi th the standard one, it see ms that the di versograp tid form was a stea dy componen t of the N.
nilssoni populati ons. On e may conclude that in spite of the disco nti nuity of the phenotype, both mo rphs
co-occure d within a single breedin g co mmunity and most pro bably we re capable of intercrossin g.

Essent ially, the di ver sograp tid morph is merely a more advanced (ex tended) astogenet ic stage of the
standard monograpt id morph. Therefore its scarcity may be ascribed to the delayed express ion of the
co lony's ability to ge nerate a sicular clad ium in the co urse of the astogeny. Few colonies survive long
enough to be able to form one. Thus the age struct ure of the po pulation and the rare occ ur rence of old
colonies within a give n pop ulat ion co uld be respon sible for the sca rcity of the bipolar phen otype. Yet it
is rather certa in that one co uld regard the monograptid and the diversograptid phenotypes as an instance
of genetic polymorphism and their steady co -occure nce as a result of balanced polym orph ism s.

Th e rel ative num er ical abundance of N. beklemishevi in the scanicus Zone most prob ably means the
atta ining of another ada ptive equili brium at a new stage of the morph olo gical evolution represent ed by
a novel morphological norm. Th e earlie r formation of the sic ular clad ium as a result of an astoge netic
acce lera tion (see p. 247 herein ) led to an increase in the number of di versograptid morphs within each
chro node me , ass uming that the age struc ture of the populati on s had not cha nged since nilssoni. Th e
rhabd osom es which at the ea rly stage of astog eny represent ed the juvenile, mon ograptid morph were later



252

T

ADA M URBANEK

+

5

*4

*

tLochkov Phase

Pi'idoli Phase

I Ludlow Phase
+ (Ludford ian Stage)

praehercynicus Z.

-- paraultimus Z.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 N

Fig . 11
A tentat ive scheme showing the range and trend s in variati on of Linograptus posthumus (Reinhard RICHTER, 1875) as
reve aled by number of cladia (procladium + sicular cladia, N) in popu lations from sucess ive time -levels (T) . 1-5 turning
point s in the phylogeny: 1- 2 trend toward polybrachiate conditi on , 2-3 gradual decrease in the number of cladia until
four -branched (tetrameric) condition is attained (3-4), being a structural foundation for compound colonie s of Abiesgraptus
(4-5) . Changes in number of sicular cladia are associ ated with sporadic appearence of lateral (thecal) cladia as noted by
asterisks (*) .The taxonomic status of Lochko vian Linograptu s is uncertain as it may represent juvenile colon ies of Abies-

graptus. Based mainl y on data from JAEGER 1959, 1969 and TELLER 1964.

replaced by more advanced diver sogra ptid (bipo lar) growth stages. An accelerated realization of the
diversograptid rhabdosome may be ascribed to the action of selective force s favouri ng an earl ier expres
sion of the advantageous phenotype.

It is highly probable that some fract ion of the N. beklemishevi rhabdoso mes attained a multira mous
stage, thus resembling and foreshadowing the pattern of the Linograptus colonies.

Linograp tus posth umus, a representative of the genus in the Upper Silurian of Europe characte ristically
occurs in large popul ations, frequently displaying mass occurrences (as pointed by JAEGER 1959: p. 153,
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"In Bereich grosster Haufigkeit werden viele Schichtflachen wie ein Teppich von den langen Zweigen
bedeckt.,.").

This obviously is an indic ation of a great evolutionary success of the species and doubtless evidence
of its adaptive equilibrium. The same is indic ated by a wide geographic distribution of L. posthumus and
the considerable duration of the species.

The occurence in large population s and a high perfection of adaptation resulted in the stabilization of
the morphological norm, with only restricted evolutionary changes observed. These were expressed in
minor changes of the width of the branches (L. posthumus posthumus and the subspecies tenu is) and
possibly also in the certain zonal evolution of the number of cladia generated. Somewhat contradictory
data (JAEGER 1954; TELLER 1964) were later summarized by JAEGER (1969, 1978) who posited directional
evolution in a number of the cladia. The earlier populations are marked by a greater variation with
a con siderable share of multiramous colonies, sometimes exceeding 10 cladia (Ludfordian, Pridoli), whil st
the later ones (Lochkovian) display a certain reduction of variation with a distinct predominance of
tetraramous form s. The last named morphotype served as a morphologic al foundation for the origin of
Abiesgraptus (Fig. 11).

The recognition of linograptid origin of Abiesgraptus and the reconstruction of the main stages of its
astogeny we owe to the penetratin g study by JAEGER (1959). Abiesgraptus appe ars for the first time in
the uniformis Zone of Thuringia and dis sappears in the pra ehercynicus Zone or in the lowermost portion
of the hercynicus Zone (JAEGER 1954). However, LENZ (1988 ) found specialized abiesgraptid s as high as
Pragi an of Arctic Canada (p. 261). Its previously restricted geographic distribution has recently been found
equal to that in Linograptus, while the stratigraphic duration of the genu s is much shorter. According to
JAEGER (1959), Abiesgraptus, from its first appearance, featured a distinct and highly regular morphologi
cal pattern of the rhabdo some. Some differences in the width of branches, the size and number of lateral
thecal cladia make it possible to distinguish 3 concurrent form s formally recognized as species, but the
biological value of the observed differences is obscure.

THE NATURE OF THE SPECIATION EVENTS IN LINOGRAPTIDS

Some of the spec iation events (transfo rmations) observed in linograptids seem to involve the mechan
ism of polymorphism. Their primaril y monomorphic populations became polymorphic due to the appear
ance of discrete morphs eo-occurring within a single breeding community. Thi s is especially apparent in
the case of Neodi versograptus nilssoni and prob ably also in the Linograptus/Abiesgraptus transition
(herein, pp. 257-258). As such morphs are kept in a popul ation at more or less stable frequences, and the
ensuing situation may be regarded as tantamount to balanced polymorphism, one of the classical
microe voluti onary mechani sms! In spite of considerable morphological differences between the new
(mutant) morph and the primary ("wild") one , they composed a single breeding community. Although
variation was represented by discrete classes, their repr oduction was prob ably continuous.

A similar situation is described in JAANUSSON's (1981 ) model of a dithyrial population, which opens
up alternative pathways of furth er evolution. The linograptid s, however, tend ed to use only one oppor
tunit y, that of eliminating one morph and fixing the other throu gh a shift to transient polymorphism. The
immediate effect was the lack of splitting of the lineage (bifurcation). Thu s the mechani sm of transient
polymorphi sm may be largely responsible for the preser vation of the cohes ion of the sequential linograptid
spec ies and for the prevalan ce of the anagenet ic component over the cladogen etic one in their evolution
(cf. p. 262 herein). In the case of N. nilssoni/N. beklemishevi transition , one could visualize the fixation
of diversograptid morph in terms of geological time, as a rather rapid shift. Biologically, how ever, such
change could occur throu gh grea t number of generations . The resulting monomorphic population s, prob
ably appea red prior to L. progenitor Zon e, and due to it morphologi cal feature s should still be assigned
to N. nilssoni. Hence the shift in polymorphi c composition of the ancestral species, had only infraspecific
consequences. It was only later evo lution, which involved gradual micro evoluti onary changes (" improve 
ment s") of diversograptid morph (Fig . 12A-C), that brou ght tran sspecific effects.

One can assume that in spite of their distinct macroevolutionary bearing, speciational events in
linograpt ids were governed by classical microe volutionary mechanisms (balanced and transient poly
morphi sm). At the same time, generation of variation involved sharp morphological discontinuities com-
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Early evolution of linograptid s explained in terms of genetic polymorph ism: A, monomorph ic popul ations of the ancestral
species, composed solely of monograpt id (unipolar) colonies; A' , B, appearance of polimorphi sm due to origin of diverso
graptid (B) morph and its eo-occurrence with monograptid (A ') one, Morphologically both morph s (M) represented discret e
phenotypes, but reproductively were interbreeding (R I) ' This single breeding community corresponds to balanced polymorph
ism and may be classified as dith yrial population, as it opens alternative pathw ays of further evolution (symbolized by the
two gates!) . The later breaking down of the common breeding system occurred probably due to selection against the
heterozygotes (R2) and implies transient polym orph ism. Further evo lution included elimination of the monograpt id morph

(A') as well as the survival and subsequent improve ments of diversograptid morph (B).

bined with reproductive cont inuity with in the population . Thi s single process act s as a lens focusing
theoretical postulates of both gradualism and punctu alism . Moreover, one cann ot reasonably insist on the
decoupling of micro- and macroevolution. There is also more evidence of the significance of polymorph
ism and shifts from its balanced form s to the tran sient ones in the evoluti on of graptoloids (cf. S KEVI NGTON

1967 for Nicholsonograptus, and URBAN EK 1970 for the appearance of so-ca lIed veliger morph in Bo
hemo graptus, as welI as RICK ARDS et al. 1977, for the origin of an early monograptid, Monograptus ceryx,
from its biserial glyptograptid ances tor).

The three distin ct spec ies recogni zed within the ances tral-descenda nt sequence co mpos ing the lino
graptid lineage as defin ed above (nilssoni- beklemis hevi- posthumus) are linked by some populations
having a less definite taxonomic status . By definition , they coinc ide with the spec iation events, understood
herein as periods of relati ve condensation of phenotypic changes . Thu s an interm ediate population ,
(sample A), occurs between N. nil ssoni and N. beklemishevi. Thi s is indicated by its position (a Balti c
erratic boulder from the parascan icus Zone), that is distinctly above the top of the nilssoni Zone, but



TH E EMERGE NCE AND EVO LUTION OF LINOGRAPTIDS 255

somewhat lower than the occurences of typical N. beklemishevi. As seen in Fig . 3A, specimens from such
a popul ation display a combination of characters typic al of ancestral N. nilssoni (e.g . a single sicular
c1adium with a holoperipheral 12 !) as well as of the descendant species N. beklemishevi (a symmetric
posit ion of the dorsal apertural spine.).

In spite of the incompletness of the record (see p. 250 for the suggested explanation ), the occurrence
of such intermediate form s is indicati ve of an essentially gradual course of phenotypic changes between
the typic al populations of both the species in question.

Althou gh the structure of the sicula is diffi cult to recognize on flattened forms, the specimens of
N. nilssoni described by P ALMER (1971 ) from Long Mountain, Welsh Borderl and seem to show both an
asymmetric dorsal apertural spine (his fig. 4) as well as a symmetric one (shown in his fig. 6). The
stratigraphic position of both form s is defined as the nilssoni Zone , but the symmetric siculae probably
developed somewhat later and might occupy the intermediate position similar to that of population
A described above.

Anoth er intermediate popul ation , named B, was recognized in the leintwardinensis Zone (the Mielnik
deep borin g). The rhabdosomes has essentially beklemishevi-like siculae, but showes a linograptid diver
gence of the dorsal spine (DA) of some 150°. This contras ts with the straight, forward-oriented dorsal
apertural spine of the metasicula in the N. beklemishevi populations from the underlying scanicus Zone s.

This structure might have preceded the .restructuring of the sicula exhibited by more advanced lino
graptids . There were two stages in this restructuring, namely the change in the proportion of the sicular
segments and a fairl y radical tran sformation of the virgella . The former led to a certain increase in the
total length of the sicula, with a grea ter share of the prosicula and a proportional shortening of the
metasicul a. Morphologically, these changes are not especially impressive. Biologicaly, however, they may
be quite important (see p. 249 herein ).

The transformation of the virge lla into a robu st rod which terminates with a virge llarium - a specialized
apparatus of a largely enigmatic functi on - is a more spectacular event. The starting point of this
transformation may be seen in deviation of the virgella in adva nced popul ation s of N. beklemishev i (Fig.
3C), attaining some 20-22°, equal to that in L. posth umu s and twice as big as in typical N. beklemi shevi
(10-1 2°). As traced in the fossil record ava ilable, the emergence of the virgellarium seems to be abrupt,
since the Lower Pfidoli colonies already displ ay a compl ete apparatus (p. 240 herein ). S TORCH (1995) has
recentl y found typical virge llaria in Linograptus posthumus from the kozlowskii Zone (ear ly Ludfordian)
of the Barrandi an area . However, there is little doubt that the sudden appearance of a "ready- made"
compl ex structure is only an effect of the incompletness of the record , as well as the extreme fragility of
the virgellarium, which happens to be preserved only very rarely.

In general, it seems fair to conclude that the differences between N. beklemishevi and L. posthumus
exceed those between N. nilssoni and N. beklemi shevi, and that a cert ain discontinuity recognized here is
only to some extent bridged by intermediate popul ation B (see diagram , Fig . 17 suggesting a change in
the direction of the evolution). Ranked taxonomically, these result s can be evaluated as the appearance of
a new genus.

The scarcity of tran sient populations between N. nilssoni and N. beklemishevi as well as between the
latter and L. posthumus can eas ily be ascribed to facial changes involving both the palaeoenvironmental
and the presevational factors.

However, the entirety of the data are indicative of a probably non-random nature of this scarc ity as
other graptolite lineages flouri shed in the epicontinental Ludlow seas of Europe durin g the nilssoni-be
klem ishevi interval. It seems that temporarily the numerical abundance of the linograpt ids must have been
drastically reduced as they were simply outcompeted by cucullograptid s at least in the shelf biota. Thi s
does not exclude, however, their greater abundance in the neriti c and pelagic realms. Great biotic changes
in the leintwardinensis Zone ( U RBANEK 1970 ) triggered not only the exc tinction of cucullograptids, but
also, with a certa in delay, the reappearance of the linograptids in the shelf waters; it opened new prospects
for other surviv ors as well, namely neocucullograptids. A great abundance of L. posthumus after the
extinction of the last named group during the Neocucullograptus kozlowskii Event , obse rved in the Mieln ik
bore core, may also be interpreted as evidence of a competitive repl acement.

A close relationship between Linograptus posthumus and Abiesg raptus tenuiram osus is indicated by the
linograptid stage in the astogeny of the latter species. However, from its first appearance, Abiesgraptus has
all its characteristic features fully developed. They include: a tetrameric (four-branched) foundation of the
rhabdosome; an ability to generate, on the main branches of the rhabdosome , paired lateral thecal c1adia with
a regular spacing between them; and a secondary flattening of the central (sicular) portion of the rhabdosome ,
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i.e. the spreading of the four main cladia in one plane and the obliteration of the divergence angle between
the branches at the proximal end, which was characteristic of Linograptus. The two first features emerged
gradually in the zonal evolution of the Linograptus populations. Thus, the four-branched rhabdosome became
the predominanting form of the colony within the Lochkovian populations of L. posthumus, producing in
this way a necessary prerequisite for the origin of Abiesgraptus (p. 241).

As was directly observed in the Linograptus posthumus specimens from the uniformis Zone (JAEGER
1969), the proximal part of the giant tetraramous rhabdosomes produced regular quadrants with the angles
between the armpits being nearly orthogonal (measured angles are 80-100° and frequently 90°). These
large-sized colonies were "floating crosses", with distal parts of their cladia bending freely due to their
natural flexibility. In the vicinity of the sicula, the distances between the zooids situated on the adjacent
cladia were small and consequently their depletion zones were overlapping. This probably resulted in
a severe competition among the proximally placed zooids. The situation was improving in the course of
the growth and expansion of the colony, due to increasing distances between more distally placed zooids.
As the growth progressed, the terminal zooids situated on the tips of the expanding colony were in
a favourable position, having no competition. However, the total harvesting efficiency of the colony was
deteriorating, due to a fairly rapid increase of the area available as compared with the moderate increase
of the number of zooids present. More and more area remained underutilized and the terminal zooids more
and more "lonely" (a similar conclusion was reached by JAEGER 1969: pp. 493-494). The rotation of the
rhabdosome.could only partly improve the harvesting efficiency and large-sized tetraramous colonies
remained rather inefficient. In terms of the utilization of the resources available, such colonies were
probably less effective than their Ludfordian-Pfidoli forerunners , with several cladia radiating from the
sicula and penetrating more or less uniformly the surrounding space. A radical improvement did not come
until the lateral cladia were invented. Situated on the main cladia and oriented normally to them (Fig. 6,
L), they penetrated the free space available within the armpits of tetrameric colonies. Such pattern ensured
a better use of the resources around the colony (see also JAEGER 1969: p. 494). Therefore, the appearance
of the lateral cladia, even sporadic and irregular, presented a distinct adaptive advantage over the tetra
ramous rhabdosome and was favoured by selection. Hence, I see the origin of Abiesgraptus (discussed at
some details below) as a process controlled by a strong selection pressure.

From the above considerations one can deduce that the increase of the number of zooids in each cladium
should follow the formula: N = k I, where k is a specific coefficient showing the increase of the number
of thecae per l mm (for L. posthumus its value is about 0.7), and I is the distance from the sicula (in mm) .
Hence, the total number of thecae in a tetraramous colony is 4N. On the other hand the area (a) exploited
by a given colony at a certain growth stage is equal to the surface of a circle with a radius I, namely a =
1t 12. The harvesting potential of the colony may be estimated using the relation 4N/a. Some parameters
for a growing L. posthumus colony are shown on Fig. 13A, B.

One more measure is the degree of "loneliness" of the terminal zooids situated on the growing tips of
the colony, namely the calculation of the distance of each zooid from its terminally situated neighbour on
an adjacent cladium. With a certain simplification (small differences in the length of cladia being ne
glected), this distance (d) may be calculated from the formula, d = 8. From this it follows that contrasts
which develop in a growing Linograptus colony are caused by the arithmetic progression of the number
of zooids N, and the geometric progression of the area exploited, a.

The ability to form lateral thecal cladia appeared early in the phylogeny of the linograptid lineage.
This may be indicated by the sporadic occurencies of such cladia, either paired (TELLER 1964, on
a three-branched rhabdosome from the early Pfidoli) or single asymmetric (JAEGER 1969, from the early
Lochkovian on a four-branched rhabdosome) . The irregular generation of thecal cladia in L. posthumus
could be interpreted as an imperfection of the morphogenetic control of this evolutionary novelty, which
later was subject to a rigid pattern formation. The horizontal disposition of the three cladia radiating
from the sicula probably means the reestablishment of the N. beklemishevi condition of growth and per
se is rather a minor change. Combined, however, these three features brought about the origin of
Abiesgraptus.

The Linograptus/Abiesgraptus transition was in fact rather unconventional, namely it was a transfor
mation in large sympatric populations. Both parameters - the sympatry and the large size of populations
involved are in strong opposition to the recent orthodoxy in the field of the origin of species (MAYR 1982) .
In the latter parameter (large population size), the appearance of Abiesgraptus also differs from two other
instances of species transformation in the linograptid lineage, suggesting a certain reduction of the
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Fig. 13
Stages in the development of c1adia (A) and main parameters (B) in a growing tetraramous Linograptus colony. Rapid
expansion of the colony due to budding of new zooids on the growing tips of four c1adia led to an increase of their total
number (4N) and to elongation of each c1adium (I, in mm). Increase of distance s (d) between zooids reduces the competition
between individual zooids, thus improving their feeding conditions. At the same time the geometric progression of the area
(a) of the potential exploitation (shown for the convenience in cm? ) and the relation 4N/a (shown for the convenience x 10)
are indicative of an increasing underutiliz ation of the resources potentailly available as the colony expands. For further

explanations see text.

population size at least in the epicontinental seas and the bottlenecking of the lineage (see p. 250). A fairly
rapid morphological evolution as observed in the Linograptus/Abiesgraptus transition, suggests that
graptolites, possibly hermaphroditic clonal organisms, were capable of using some "non-conventional"
mechanisms, e.g. self-fertilization followed by instant homozygotization (cf. URBANEK 1990). Although
purely hypothetical, such mechanisms shed some light on this otherwise paradoxical pattern of species
transformation.

The record available does not permit a safe recognition of the mode of speciation in A. tenuiramosus.
JAEGER (1959) was convinced that in the praehercynicus time Linograptus posthumus and Abiesgraptus
tenuiramosus had been two morphological forms of the same breeding community, and at that time they
could have been assigned to a single species. This still leaves room for different interpretations. Were
these forms two morphs (namely, the linograptid morph which was not capable of attaining the abies
graptid growth stage and the abiesgraptid morph proper which passed through an earlier linograptid
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B2
reduction in the number of cladia ,
appearance of tetrameric,
planar colonies (para-Abiesgraptus,
late Pfldoll-Lochkovlanj)

\
D
improvement of the patter through
rigid morphogenetic control
(true Abiesgraptus) . Attempts at further
branching (Lochkovian-Pragian)

c
four-branched planar colonies with
irregula rly placed lateral c1adia
(poto-Abiesgraptus, origin of the
adaptive syndrome, ?early Lochkovian)
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(true Linograptus, Ludtordian-Pfidoll)
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sporadic appearance of irregularly
placed , paired or single lateral
c1adia(pseudo-Abiesgraptus,
early Pi'idoli-Lochkovian)

Fig. 14
Conceptual diagram showing the main event s in the emergence of Ab iesgraptu s pattern of colony organization. Two
independent directions of changes leading to 8( and 8 2 may be derived from ancestral type of Linograptus, repre sented by A.
The crucial event is represented by C, where disparate features, acquired within these two lines , were combined into an
adaptive syndrome, later improved and transformed into the perfect, compound colony of Abiesgraptu s (D). Further expla-

nations in text.

growth stage) , coexisting within a single population (polymorphism) or was every colony potentially
capable of attaining the abiesgraptid character s at some stage of the astogeny? In the first case, the later
speciation resulted most probably from transient polymorphism with the elimination of the less advanced
morph . The second possibility implies a gradual increase in frequency, expressivity and penetrance of
genetic factors respon sible for the formation of lateral cladia in tetraramous rhabdosomes, hence, a shift
of the mean towards a greater frequency of lateral branches, which started to appear at earlier stages of
astogeny (acceleration).

But was the story as simple as that ? I would argue for a different scenario of the Linograptus/Abies
graptus transition in view of a gradual and heterochronic appearance of disparate abiesgraptid features
within the early linograptid populations . On one hand , some large-sized and four-branched Linograptus
colonies from the unifo rmis Zone are still deprived of thecal cladia (JAEGER 1969) , on the other, lateral
branches may occur as early as the lower Pfidoli and be situated on three-branched colonies (TELLER
1964). It is clear, therefore, that the potential for generation of lateral cladia appeared early in the
phylogeny and obviously was not correlated with the simultaneous formation of tetraramous conditions.
The interpretation which, in my opinion best fits the record seems that which claims that the morphotypes
shown on Fig. 14 B I and B2, and tentatively named pseudo-Abiesgraptus and para-Abiesgraptus, evolved
within two different semispecies . Each of them showed a distinct trend in variation, directed towards
the formation of either a tetrameric foundation of the rhabdosome (tetra) or lateral branches (lat). This
may explain the disparate origin of both features , which was followed by a secondary integration of the
species genetic system by means of hybrydization or introgression (Fig. l4C). As a result the two
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Fig. 15
Ideogram showing the significance of presumed patchiness in linograptid distribution for the disparate origin of evo lutionary
novelties. Upper part of the figure: the occasional gene flow due to migration (black arrows. S) between individual patches
A, B, C, with different geneti c structure (1-3), ensures the appeara nce of a compound genotype in C, which subsequently
may spread (white arrows, 4) due to its high fitness. Lower part of the figure: a similar effect due to the merging of the
patch es AI and A z, followed by an introgression (C l) and the appearance of a compound genotype. Fit genotype may later

spread rapidl y (white arrows, 4) .

independently acquired unit characters tetra and lot , became components of a single synthetic morpho
type, repre sented by proto-Abiesgraptus (tetra-lot morphotype). The above considerations may be tabu
lated as follows:

morph otypesl
tetra lat

populations

8) - +

8 2 + -

C + +

Note : 81, 8 2 and C refer to Fig. 14.

The resultin g compound rhabdosome displayed an irregul ar branching pattern (inherited from pseudo
Abiesgraptus), later subjec t to selection pressure and an increased morphogenetic control (Fig. 140). The
attainin g of the abiesgraptus stage in the morphological organization of the colony is clearly a transspecific
event. As correctly emph asized by J AEGER (1959), the origin of Abiesgraptus means the beginning of
a new direction of evolution with a new evolutionary prospect - the emergence of a new genu s seen in
statu nascendi .

It seems almost certain, that in the area of their distribution, planktic linograptids formed a system of
semi-isolated populations (patches). Patchiness is a remark able feature of plankton biology recognized by
modern studies (BOXSHALL 1981; B ARRY and O AYTON 1991) and used in order to explain a number of
phenomena (such as sympatry of a great number of rather similar taxa or the "paradox of plankton" as
defined by H UTCHI NSON 1959, 1961). Each individual patch is in fact a huge deme of a certain duration
in time, the longevity of a given patch being largely proportional to its size. Linograptid s as the domin ating
group of Late Silurian macro zoopl ankton were surely subdivided into numerous and relati vely large
patches. Such spatial organization is considered by some authors (e.g., G RANT 1977) to be most favourable
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Fig. 16
Possible genetic mechani sms involved in the emergence of an adaptive syndrome. I - patches A, B, C comprising disparate
unit characters merge into a common megapopulation (II - ABC) enabling further recombination due to crossing. Ill-V
successive changes in the genetic structure of population from initial frequenci es (Po) of genes responsible for corresponding
unit characters (Ill), through their combinations (only some shown) displaying frequencies PI-P4 controled by selection, until

superior genotype ABC appears (IV), and is fixed as an adaptive syndrome.

for macroevolutionary changes. Some of recent models advanced to explain genetic polymorphism in krill
population s assume that pelagic plankton species are partitioned into numerous patches and that selection
is sensitive to differences between the patches (AYALA and V ALENTINE 1979; B UCKLIN 1986) . I will
proceed from a similar assumption.

Each patch probably behaved as a partly autonomous unit (Ha floating island") where variation , either
generated in situ or introduced by an occasional gene flow between the patches, accounted for more or
less unique genotypic combination s (Fig. 15A, B , AI ' A 2). One could believe that patchiness was involved
in producing the disparate Abiesgraptu s feature s and then bringing them together into a characteristic
compound or an adaptive syndrome (Fig. 15C, Cl )' The patchiness was probably responsible for the origin
and maintenance of distinct trend s in variation, interpreted above as semispecies. Some events were taking
place in semi-isolated system s, producing distinct morphotypes. The cohe sion of species' genetic system
was, nevertheless, preserved as the evolving populations eventually reunite due to hybridization or
introgression, before attaining the reproductive isolation.

The disparate origin of the adaptive characters may be due to a heterochronous and independent
appearance of the component part s ("unit characters" as tetra and lat, see above) . Each of them was
advantageous under certain circumstances, but when combined into a syndrome (a coordinated complex
structure, as tetra-lat), they produced the highest fitne ss, probably as a result of a synergetic effect. In the
instance repre sented by the Linograptu s/Abiesgraptu s transition , particular elements of the future adaptive
syndrome must have appeared successively in local populations (patches) to be later assembled by means
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of a sexual process into a syndrome (Fig. 16,1-11). The genetic and selective mechanisms that were most
likely involved in the syndrome formation are shown in Fig. 16, Ill-V. It is assumed that simple combi
nations (AB, BC, AC) had a selective advantage over single characters (A, B, C) and, in turn, the
compound genotype (ABC) was superior to all the remaining combinations. Such a piecemeal pattern of
the emergence of a complex adaptive structure seems not only more probable than its instant origin, but
is, at least partly, supported by the fossil record. Another remarkable feature of the LinograptuslAbies
graptus phyletic transition is world-wide distribution (probably warm-water cosmopolitism) of both
ancestral and descendant species. This may imply a polycentric or even pantopic appearance of the new
species, over large areas within the range of the parental taxon, instead of its local, sympatric or allopatric
origin as usually presumed. It seems unlikely that such a wide geographical distribution could have been
attained due to migration within so limited a time.

The above disparate mode of the appearance of new characters in the linograptids is only a special
case of the mosaic course of evolution. This classic palaeontological rule (also known as the Watson Rule)
has recently been elevated by STEBBINS (1983) to the rank of "an integrating principle for the modern
synthesis".

EVIDENCE FOR PHYLETIC EVOLUTION
IN THE LINOGRAPTID LINEAGE

The evidence available indicates that throughout almost all its history the linograptid lineage was
represented, at any given time-level, by a single morphospecies. This is certainly true for the sequence:
Neodiversograptus nilssoni-N. beklemishevi-Linograptus posthumus. The subspecies of the latter, namely
L. posthumuus tenuis (JAEGER, 1959), is in every respect identical with the type species, except for smaller
size, and may rather represent a zonal variety. Less certain is the nature of Linograptus phillipsi described
by DECKER (1935, 1939) from North America . Its remains need a modern revision, but for the time being
it can be treated as a geographical variety of the European species, whilst var. multiramosus is simply an
astogenetic variant. Numerous subspecies or species of Linograptus erected by Hundt are all of preserva
tional or astogenetic nature (see JAEGER 1959: pp. 143-144).

The Linograptus/Abiesgraptus transition as well as the later Abiesgraptus diversity need, however,
additional comments . The overlap in the vertical range of L. posthumus and A. tenuiramosus as observed
by JAEGER (1959) in the praehercynicus Zone may be more apparent than real, since juvenile rhabdosomes
of Abiesgraptus cannot be distinguished from the Linograptus colonies. This occurs because, in its
astogeny, Abiesgraptus possesses the Linograptus growth stage (compare p. 241 herein) which can be
identified taxonomic ally as Linograptus. Thus, this overlap is most probably illusory and does not mean
a real eo-occurrence of the two species in question . As mentioned above, it is more probable that A.
tenuiramosus originated from L. posthumus by means of sympatric transformation and replaced it as a
new chronospecies, after its disparate characters were united into a syndrome.

The next case to be explained in the context of the phyletic nature of the evolutionary changes in
linograptids is the "terminal variation" of Abiesgraptus expressed in relatively small differences in the
width and the size of the branches. This variation was used to discriminate formally valid species, such
as A. multiramosus and A. longiramosus, both accompanying the standard form of A. tenuiramosus. This
may imply multiplication of species and branching of the lineage . However, even if these differences were
sufficient to distinguish separate species (which is not perfectly clear), the diversification, immediately
preceding the extinction of the lineage, occurred too late to change the general sequential nature of the
speciation events within linograptids (diagram Fig. 17). Another instance of increased morphological
diversification in phylogenetically late stages of Abiesgraptus lineage was described by LENZ (1988) . His
fragmentary specimens fromfanicus Zone (Pragian) of northern Yukon (Canada), exhibit first and second
order cladia, arising in pairs or singly from the primary stipe . Such features were never seen in earlier
representatives of the genus and the Yukon species marks the latest occurrence of the lineage . Most likely
it produced a short offshoot of the abiesgraptid stock, being the last attempt at a progressive development
of the compound rhabdosome. This attempt failed after a short success in a probably restricted area. Hence,
the latest representatives of Linograptinae display an increased amount of variation and a tendency towards
splitting of the lineage just before its final exinction. These phenomena may be best explained assuming
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SIMPSON'S (1944) idea that extinction in many cases is preceded by an increased splitting of the endangered
groups or lineages, trying to find out an adequate adaptive response to the changes of the environment.

The application of the morphological species concept to the evolution of lineages is in general charged
with danger of treating morphotypes as separate species. Thus common co-existence of two morphotypes,
A and B, might be interpreted as their eo-occurrence, whilst in fact they represent a polymorphic
population (a polymorphic chronodeme) rather than anything else. The same holds for the growth stages
in compound colonies, as is the case with the unipolar and bipolar stages of Neodiversograptus nilssoni
(or Linograptus/Abiesgraptus as discussed above) where astogenetic variants may be ranked systemati
cally and treated as apparent instances of eo-occurrence,

As demonstrated by linograptids, a long-lasting phyletic evolution in a single lineage implies an unusual
cohesion of the genetic (and epigenetic) system of the species . In spite of their world-wide distribution,
Linograptus posthumus and Abiesgraptus spp. preserve a remarkably uniform morphology over vast areas.
They exhibit the phenomenon of warm-water cosmopolitism, a common feature of recent plankton. The
genetic and phenetic cohesion allowing such species , both extant and fossil, to avoid the consequences of
isolation by distance, presents one of the unresolved "paradoxes of plankton".

The evaluation of the entire picture of the linograptid evolution is an uneasy task . Following the
reasoning presented by HALLAM (1982) for Jurassic Gryphaea, the periods with an increased rate of
morphological changes observed in the phylogeny of the linograptid monophyletic lineage may formally
be interpreted as punctualism. This is, however, an extrapolation of the primary meaning of the notion
directly related to the multiplication of species and branching of a lineage (ELDREDGE and GOULD 1972) .

Neither the Gryphaea nor the Linograptinae provide convincing evidence for branching events (bifur
cation) and consequently there is no stratigraphic overlap between the ancestral and the descendant species.
Members of the lineage are in both cases sequential species (chronospecies), displaying, however, an
increased rate of morphological changes during the periods coinciding with transformation (phyletic
speciation). The term punctualism can safely be applied to describe the changes observed in the lineage
of Metrarabdotos, a Neogene bryozoan, where each speciation is associated with the branching of the
lineage and the eo-occurrence of the parental and the daughter species (CHEETHAM 1987) . In linograptids,
the morphological changes are not so strongly punctuated (in Metrarabdotos, morphological changes
within the confines of the species are practically equal to zero, and the entire morphological change is
due to speciation; in the Gryphaea, the situation is largely similar), and the stasis does not mean an almost
complete arrest of change. Taking into account the sequential nature of the linograptid species and the
above-mentioned characteristic of the speciational events in their lineage, one could perhaps define this
mode of evolution as quasi-punctuated. A number of technical terms were suggested to describe this
situation, which only partly correponds to the punctuated model of speciation (condensation of morpho
logical change in time but no splitting and prevalence of anagenesis), to mention only punctuated
gradualism (FENSTER et al. 1989) or punctuated stasis (SPRINGER and MURPHY 1994).

LINOGRAPTID PHYLOGENY AS AN INSTANCE
OF MACROEVOLUTION

As compared with a number of classical examples of macroevolution, frequently quoted in the neon
tological (e.g. Darwin's finches of the Galapagos Islands and the Hawaiian honey creepers) and current
palaeontological literature (ELDREDGE 1989), linograptids possess some unique features. First of all they
represent a single lineage, almost devoid of any offshoots, that is an unbroken chain of the ancestral-de
scendant succession of populations. The pattern of linograptid evolution is therefore characterized by
a strong anagenetic component and a very weak cladogenetic component (as defined by HUXLEY 1958
and applied to graptolites by BULMAN 1963).

The predominance of anagenesis in the linograptid evolution is most probably the result of long-lasting
directional selection leading to the step wise improvements of the adaptive type through distinct structural
changes of the colony organization. The absence of a pronounced tendency toward multiplication of the
species speaks for a great cohesion of the population genetic pool at any particular time , most probably
due to a strong action of stabilizing selection associated with the directional vector of selective forces.
Stabilizing selection counteracted any disruptive effects or splitting the genetic system of the species . As
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Diagram show ing the main features of evolution in Linograp
tin ae. N ote the posible bottleneckin gs of the lineage, the posi
tion of transi tio nal populati ons A and B , as well as the trans
formatio n in large populati ons and the term in al spl i tti ng of the
l in eage, before the fi nal ex ti nctio n. Further explanations in

text.

a result, the linograptid evolutionary changes
were strongly canalized, and the main "trials"
concentrated along the pathways leading towards
multiramous compound colonies.

Within this single line of descent the Lino
graptinae realized large-scale evolutionary
change s, producing new patterns of colon y orga
nization and at least three distinct adaptive types.
In consequence, the entire evolutionary potential
of evolving populations was profoundly changed.
The appearance of new transspecific taxa (3 gen
era, 1 subfamily), new structural types , and great
adapti ve (ecogenetic) consequences are prima
facies characteri stics of macroevolution. Ample
speciation may logically be considered only a
side-effect of macroevolution, but not a primary
feature of the process. Such commonly cited
examples of macroe volution as the Hawaian
honey creepers or the Galapagos finches display
a distinct prevalence of speciation over morpho
logical changes, with the key structural type re
maining little affected by evolutionary change.
They are more representative as illustrations of
adaptive radiation than as exponents of mac
roevolution. Such instance s were used for punc
tualistic generalizations concerning the predo
minance of the speciational component in mac
roevolution over the phyletic one. The history of
the Linograptinae offers a different logic and cor- N. beklemishevi

roborates the oppo site view (see Fig. 17).
The case of the Linograptinae undermines the

common belief based on a punctu alistic approach
that an increase in the rate of morphological
changes, followin g a period of stasis, necessarily
or almost universally means branching of the li
neage (splitting or multiplication). It may equally
represent an accelerated phyletic transform ation,
that is sequential replac ement of one chronos
pecies by the other (cf. p. 253). The stasis as
observed in linograptids means a slowdown of
the morphol ogical rate of evo lution, rather than a
complete arrest of change. During the stasis the
microevolutionary mechanisms might accumu
late variation of great significance for the pros
pective evolution. The phenotypic expression of
these newly appeared variants exhibits a low de
gree of morphogenetic control which is mani
fested by the changing localization of the gene
action and an imperfect symmetry of the phe-
nodeviants (cf. p. 256 herein).

Theoretical models of macroevolution are usually based on generalization s of large bodie s of empirical
data combined with some deduction s from the accepted theories in different fields of biological sciences.
A single case can hardly be used in their falsificat ion since they could only be tested against a larger class
of empirical data. Nevertheless, it is always important to see to what extent the parameters of the
phenomena observed fall within the range of values or predictions compatible with the current hypotheses
or models.
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In this review I will con sider only some conclusions which can be drawn from the linograptid case
against a wider theoretical background.

The evolution of linograptids offers no evidence in support of salt ationary concepts of macroevolution.
There are no data indicative of a sudden appearance of new structural types which could have been ascribed
to large mutational events. Though the generation of a new cladium doe s produce an abrupt phenotypic
effect, the discontinuity here is secondary, due to a meristic nature of the character involved (an increase
in the number of morphological unit s, a sort of polymerization). However, it is clear that the new patterns
were fixed in a stepwise manner, the entire picture suggesting an additive piecemeal "technology" rather
than great evolutionary leaps. The presence of well-defined, but intergrading chronospecies, whose pheno
typical trait s are gradually modified, may be better explained within a neo-Darw inian paradigm.

The pattern of the linograptid evolution onl y partl y corresponds to the pun ctuational model. Thus
phenomenologically, the stas is observed in the linograptid species equals that distin gui shed by punctual
ism , but it should probably be ascribed to a certain mode of action of natural selection. There is no
substantiation for the essential decoupling of micro- and macroevolution, and frequently the microevol
utionary changes have a great bearing on the phylogenetic future of the species (see also URBANEK 1970).
The bottleneckin g without the splitting of the lineage, as obser ved in the nilssonilb eklemishevi and
beklemishevilposthumu s tran sitions, does not fully correspond to the model of rapid speciation as sug
gested by the concept in que stion . Such events as gradual transformation in large populations (L. posthu
mus/A. tenui ramasus) or major morphologic al transit ions within a single lineage should be considered by
punctualism as practically impo ssible or quit e exc eptional. It is also very diffi cult to make inferences
about the causes of past processes from the information ava ilable presently on speciation. Opinion is still
strongly divided into the adherents of founder- induced speci ation, which ascribe grea t role to the bottle
necking as a precondition for genetic revolution (CARSON and TEMPLETON 1984), and the followe rs of
a quite oppos ite view that speciation may proceed in moderate or even large size populations by gradual
divergence of gene pool s (BARTON and CHAR LESWORTH 1984). The linograptid case offers some support
for the view that both modes of spec iation may be involved in the evoluti on of a single lineage (Fig. 17).

The abiesg raptid gro wth pattern of the colony seems to be adaptively superior to that represented by
the majorit y of Lower Ordo vician multiramous colonies (the Anisograptidae and Dichograptidae). Branch
ing in the last named gro ups was based on planar bifurcation at a certa in angle, and the continuing growth
of the rhabdosome (elongation and dichotomy) was constrained by the mutu al impinging of the stipes .
Such conditions imposed important limit ations on the branch configuration in the Ordovician multiramous
groups . Abiesg raptids so lve this problem in a more satisfactory way, because their lateral branches,
although plana r, are parallel and situated on the two opposite main branches, thus excluding any impingin g
(Fig. 6). It is obvious that the appearance of this improved pattern was preceded by less fit "trials", some
of which were eliminated by natural selection.
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PLATE I

1-5 . Early stages of cladial generation (la, 2, 3), details of virgellarium (lb) and thecal characters (4, 5) in
Linograptus posthumus (Reinhard RICHTER, 1875); Ia sicula with theca I J of the procladium and theca 12 of
the first sicular cladium . Note the presence of virgellarium (Vg) preserved in its relation to the sicula and shown
in an additional aspect (I b); 2, 3 slightly deformed apertures of metasicula (Si) with sicular cladia radiating
from it; 4, 5 apertural parts of distal thecae with genicular ventral wall and aperturallip somewhat introverted.
Mielnik-I borehole : I depth 792.25 m, early Ludfordian, acer Zone, x 75; 2, 3 depth 764.15 m, late Ludfordian,
protospineus Zone, 2 x lOO; 3 x 175; 4, 5 depth 873.60 m, early Ludfordian inexspectatus -kozlowskii Interzone.
Si - sicula, Vg - virgellarium , 11_13 - first thecae of respective cladia.
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Abiesgraptus . . . . 30,64, 123,233,234,24 1, 24 1*, 244, 245,
249, 252*,253,256,257,258, 258*,259,260,26 1,
262, 263*

longiram osus 26 1
multiramosus 26 1
sp 262
tenui ramosus 233 , 249, 25 1, 255, 257, 26 1, 263*, 264

Acanthograptus 126, 140
aculeatus 140
spineus 149

"Acanthograptus " 126
acu/eatus 140
spineus 126

Acastella
cf. tiro 64

Bohemograptus 38,39,40,40*,41,42,43, 102, 112,
113*,1 22,1 23, 237, 254

bohem icus 30*, 40, 76, 99
bohemi cus bohemi cus 39*, 4 1
bohemi cus tenui s 39*, 40, 40*,4 1
bohem icus aff. tenu is 56(PI. 4)
com utus 39*, 40 *,4 1, 101, 11 3*
cf. com llfus 102
garratti 4 1
n. sp. aff. B. bohemicus tenuis , 39*
praecornutus 39*, 40*, 4 1, 56(PI. 4), 102
tenui s 98
urbaneki 30

"Bohemograptus "
he/icoides 102

Bugograptus 126, 140
aculeatus 98, 99, 140
sp ineus 98, 99, 149

Cardio/a 43
Cepha/ogra ptus 42
Cephalod iscus

gracilis 235
Climacograp tus sp 121
Colonograp tus 33,34, 104, 108, 112, 116, 123, 127, 164

CO/Oil us 33,36, 108, 114*, 162
gerhardi 108
/ati/ obus 161
praedeube/i 11 4*
roemeri 33, 43, 108

Colonog raptus'l
deube/i 122
gerhardi 108
ludensis 11 5
praedeubeli 33

Cucullograptus 34*, 98, Ill , 123, 125
aversus 30*,36, 4 1, 101, 11 3*
aversus aversus 32, 34*, 36,98
aversus rostratus 30*,32,34*, 36, 54(PI. 3), 98
hemiaversus 30*,32,34*, 36
pazdroi 30*, 32, 34*, 113*, 235

Cyrtograptus 24, 25, 27
centrifug us 24, 25, 26, 27
fa lcatus 26, 27
hamatus 25, 26, 27, 50(PI. I )
insectus 24, 27
lapworthi 24, 26, 27
laqu eus 25, 26, 27
lundgreni 25, 26, 27, 28, 52(PI. 2), 54(PI. 3)
mancki 24, 26, 27
multiram is 26, 27
murchisoni 24, 26, 27
pern eri 24,26, 27, 50(PI. I )
polyram eus 25, 27
radians 24, 26, 27, 50(PI. I )
ramosus 24, 26, 27
rigidu s 24, 26, 27, 52(PI. 2)
sakma ricus 25, 26, 27
so /aris 26, 27
urbaneki 25

Dinemagraptus 37
Dip/ograptus 125
Diversograptus 245
Du/ebograptu s 108, Il l, 124, 127, 156

bresticus 98
trimorphu s 99, 154

Eisenackograp tus 37
eisenacki 25

Formosograptus 126
fo rmos us 104, 106, 134
Gothog raptus 37

nassa 25, 28, 36
obtectus 25
pseudospinosus 25

Gryphaea 25 1, 262
Heisograp tus 115, 140

acer 99, 140
canaliculatus 99
difficilis 99, 101

Holoretiol ites 37
atrabecu/ar is 37
erraticus 37
mancki 37
manckoides 37
simplex 37

Ist rograptus 74, 87, 113*, 11 5, 116*, 118,
123, 128, 156, 165

rarus 67
sp 174
transgrediens 63,67,68, 77,99, 102
transgrediens chelmensis 63,65,72,73, 73*, 74

76, 80(PI. I)
transgrediens samsonowiczi 63, 65, 72, 73*, 74, 75,

76, 80(PI. I )
transgrediens transgrediens 64, 67, 72, 73*, 74 , 76,

77, 82(PI. 2)
transgrediens rams 6 1,62,65,66,72, 73, 73*, 74,

76, 80(PI. 1),95*,116*, 165, 2 18(PI. 20)
transgrediens cf. rams 165

Linograptu s 30, 106, 123, 124, 233, 234, 235,
238,239, 24 1, 242, 243 , 243*, 244, 247, 248, 249,
252, 252*, 253, 256, 257, 257*, 258, 258*, 260,
261, 262, 263*

orangensis 30, 242
ph illipsi 261
posthumus 29,30,43, 45,61,63,64,66, 89,95*,

96, 97, 104, 106, 107, 129, 133, 138, 157, 174, 233,
235,236,239,239*,240,240*,244,247, 249,25 1,
252, 252*, 253, 255, 256, 257, 26 1, 262, 263*, 264,
268(PI. 1)

posthum us posthumus 30, 75, 77, 79, 240, 253
posthumus tenuis 240, 253, 26 1

"Linograptus "
orangensis 242

Lobograptus 39*,4 1, Ill , 123, 125
cirrife r 30*,32,33*, 113*
exspectatus 30, 3 1*, 11 3*
exspe ctatus bicornis 30*, 3 1*
exspectatus exspectatus 30*
imitator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30*, 32, 33*
invertus 30*, 32, 33*, 36, 11 3*
para scanicus 235
progenitor 29, 30*, 3 1" . 36, 236*, 237
scanicus 113*, 235
scanicus amphiros tris 30*, 32*
scanicus parascan icus 30*, 32*, 36, 54(PI. 3)
scanicus scanicus 30*, 32*
simplex 30, 30*, 31, 3 1", 32*, 33*, 34*

Lobog raptus'!
sherrardae 30*, 11 2, 233, 236*, 237, 242, 263*

Ludensograptus 108, 128, 164
lat ilobus 100, 127, 161
pa rultimus 99, 166
podolicus 99

Metrarabdotos 251, 262
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Monoclima cis 25. 115. 125. 161, 163
crenulata 25
flu mendosae 25
griestoniensis 25
hemipristis 25
paru/timus 166
praemicropoma 115
u/timus 66
vome rina 25
zawadensis 25, 52(PI. 2)

Monograptus 25.63.98. 103, 105, 11 I. 123, 124,
125. 126.129,1 5 1, 157, 168

acer 105, 109, 11 2. 124, 146
aculea tus 146
aequabi/is 123. 124
angustidens 64. 65
ante nnularius 25, 50(PI. 1)
atopus 123
ba /ticus 96, 98, 104, 105, 124, 126, 128. 129
ef. balticus 102
beatus 65, 101, 133
beloph orus 25, 50(PI. I)
bessobaensis 101
bouceki 63,64.67,68, 78. 101, I11
branikensis 68, 77. 78. 168
bugensius 168
butovicensis 43
ceratus 44. 105
cervx 254
decipiens 27
decipiens volens 27
dub ius 157
dubi us freq uens 157
flagellaris 27
fle min gi 25, 52 (PI. 2). 11 0*
flexuosus 25, 50(PI. I), 52(PI. 2)
fo rmos us 66,67,94, 11 4, 126, 128. 134
ef. fo rmosus 96, 140, 147
ex. gr. [ormosus 133
fragmentalis 159
ham ulosus . . . . . . . . . . . . . . . . . . . . . . . . 104, 112, 124. 145
haupti 99, 108, 127
hercynicus 76
hornyi 63.65, 11 I. 144, 145
latilobus 161
leban ensis 96
lochkovensis 66.77,78, 128. 169
ludensis 29
microdon 133
minutus 27
nilssoni 29
"nilssoni A" 29
"nilssoni B" 29
paraformosus 134, 137
pa rultimu s 128, 166
perneri 63, 64, 66. 67, 68, 102, I11
perneri kazach stan ens is 101
planus 25
pridoliensis 65, 66, 10 1, 107. 11I. 144
priodon 25. 110*
proteus 27
protosp ineus 96. 109
purkynei 134
rams talensis 124
rectifonnis 65
riccartonensis 25
similis 66.1 01
simi lis var. triangulatus subsp. n 66
sp. gr. will owe nsis 111
spineus 109, 112. 149
spiralis exce ntricus 27
supinus 101
transgrediens 76. 128
tullb ergi 25, 27
tumultuosus 78. 174
turri culatus 25, 27
ultimus 78. 127, 128. 166, 167, 169
uncinatus 109. 110*. 11 2. 11 9. 123. 124. 126, 128
uniformis 64. 65

vetus 167
vulgaris 29

Mo nograptus (Dulebograptus) 102. 105. 123, 124, 154.
155, 156

trimo rph us 63.95*.97. 106. 107, 11 9, 154,
155, 155*. 156. 157. 174, 175*, 206(PI. 14)

Monograptus (Formosograp tus) . ... . 11 2.1 24.1 27,1 28,134
[ormosus 44.45. 91. 94, 95*, 96, 97. 99,100,102.

104,106.111.117,11 9,134,135*,136.136*,137,
137*,1 38, 138*, 139*, 140. 165, 167. 180(PI. I),
186(PI. 4), 188(PI. 5), 190(PI. 6). 192(PI. 7)

Mo nog raptus (Mo nograptus) 126
flemingi 109
priodon 109. 126

Mo nograptus (Pristiograptus)
lochkovensis 77, 169
ultimus 166

Mo nog raptus (S lovinograp tus)
balticus . . .. . 94.95*.99. 106. 120. 120*. 121, 129, 130*,

131*,1 32*,1 33.1 33* 142*, 143. 164, I 84(PI. 3)
hamulosus 44, 95*, 106,129. 130*, 142*,

164, 182(PI. 2)
Monograptus (Slovinog raptus) subgen. n 87. 104, 106

subgen. n 123, 126, 127. 128. 129
Mo nograptus (?Spirograpt us)

convexus 134
Monograptus (Testograptus )

testis 28, 52(PI. 2)
Mo nograptus (Uncinatograptus) 105. 106. 123. 127, 128, 140.

144.151
acer 44. 94. 95*. 97. 99.103, 104, 109.

11 7,11 9.140,1 42*,1 43*.144.144*,145*,1 46*
acer acer 44.109. 118*. 140. 141*, 144. 145.

146.147*, 196(PI. 9), 198(PI. 10)
acer aculeatus 44.45. 109. 140, 141*, 144,

145. 146. 147*, 148, 149, 151
acu leatus 94, 140. 144
ham ulosus 104
hornyi 103
podoliensis 106
pridoliensi s 100, 101. 102. 157
protospineus 45.94.95*. 109. 133. 141*, 147. 148.

148*.149*.1 51, 200( PI. 11)
spine us 45. 87. 94. 95*. 97. 99. 102. 104, 107.

109.110*.112. 122. 123*. 141*. 148. 149. 150*,
151.1 51*.1 52*, 153*.1 54.1 54*. 161, 200(PI. 11 ).
202(P I. 12). 204( PI. 13)

uncinatus 105.1 09.1 24.1 29.1 37,1 42*,1 43,
182(PI. 2). 192(PI. 7), 194(PI. 8)

Mo nog rap tus (Wo/Yllograptus)
abho rrens 100
balticus 102
hamulosus 94

"M0 110graptu s ..
aequabilis 105
anerosus 101
balticus 129
dalejensis 115
egregius 42
fo rmo sus 134
haupti 115
insperatus 116
lebanensis 94. 124
micropoma 11 5
petri 11 5. 11 6
sherrardae 29
supinus 124
willowensis Ill . 124

Nemag raptus
graci lis 138

Neo colonograptus gen. n 77. 87, 101, 108,1 13*, 115,
11 6*. 123. 127, 128, 156,165

lochk ovensis 6 1, 63, 68, 72, 73, 77, 78. 79,
84(PI. 3), 100, 10 1, 102. 108, 109, 11 4*, 11 9, 121,
121*.1 22.1 25,1 56,1 69.1 73.1 74

lochkovensis braniken sis . .. .95*, 97. 11 6*.168, 169. 172.
174. 224(PI. 23)
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lochkovensis lochk ovensis . . .95*, 97, 98, 118*, 169, 170*,
171,171 *,172,172*,173*,174,174*,175,175*,
226(PI. 24), 228(PI. 25), 230(PI. 26)

pa rultimus 95*, 96,97, 100, 102, 103, 106,
108, 114*, 115, 116*, 125, 160, 164, 166, 167,
167*, 168, 220(PI. 21)

tumultuosus 68
ultimus 61, 62,75, 80(PI. 1),95*,97,

100, 103, 108, 109, 114*, 115, 116*, 122, 125, 156,
162, 164, 166, 167, 168, 169, 172, 173, 222(PI. 22)

vetus 173
Neo cucullograptus 38, 39, 43, 98, 102, Ill , 113*, 123

inexspectatus .40 *, 41, 56 (PI. 4)
inexspectat us inexspectatus 39*
inexspectatus supernus 39*
kozlows kii 39*, 40*, 4 1,42*, 56(PI. 4), 100, 104
kozlowskii unicornus 98

Neodiversog raptus 30,30*, 39*,1 13*,123,233,234,
237,242,245,247*,248,249,263*

beklemishevi 29,30,235,238,238*,239*,242,
243,246,249,25 1,252,253,254,255,256,26 1,
263*

cf. beklemishevi 235,238*, 246, 248
nilssoni 29,30,36,235,236*,237,237*,238,

238*,242,245,246,247,248,249,251,253,254,
255,261,262,263*

"ni lssoni S" 29
Neogothograptus 37

balticus 37
p urus 37
romani 37

Neolobograptu s 38, 39, Ill , 11 3*,11 8,1 23
aur iculatus 39*,40*,41 , 98
eregius 98

Nicholsonograptus 254
Oktavites

aff. sp iralis 137
planus 27
spi ralis 25, 104, 114, 137, 194(PI. 8)

Orthoceras 43
Para plectograptu s 37

eise li 25
sagenus 25

Petalograptus 42
Plectodinemagraptus 37

gracilis 37
Plectograptus 37

macilentus 37
sp 28
wimalli 37

Polonograptu s 38, 39*, 41, 42, 43,100,11 3*,1 23
egregius 39*, 43
podoliensis cf. australis 43
podoliens is 43, 100
podoliensis podoliensis 43

Pristiograptus 73, 96, 123, 125, 128, 157, 168
admirabilis 63, 64, 72, 76, 77
aduncus 61, 63, 72, 77, 78, 169
bugensius 61,63,72, 77,78, 169
chelmensis 63
dub ius 28,29,38, 43, 45,6 1,64,87,95*,

96, 97, 100, 104, 105, 106, 107, 110, 11 3*, 114*,
117,11 8,123,125,1 28,1 33,157,158,1 59,1 61,
164, 208(PI. 15), 236*, 237

ex. gr. dubius 6 1, 75, 99, 107
dubius dubius 157
dubius fragmenta lis 44,94,95*, 104, 110, 159, 160,

164, 167, 208(PI. 15)
dubius cf. frequens 11 6*, 158*
dubius frequ ens 96, 128, 158
dubius labiatu s subsp. n 97,105, 110, 159, 160, 160*,

161, 2 10(P!. 16)
fe cundus 100
fragmenta lis 100, 102, 106, 107, 159
frequens 128
lochkovensis 128
perbrevis 64, 72, 76, 77
rams 74, 165
samsono iczi 63, 75
separabilis 63, 72, 76, 77

specta tus 66
transgrediens 64, 76
transgrediens coneretus 77
transgrediens praecipius 77
transgrediens p roximus 77
transgrediens var. proximus 76

Pristiograptus (Pristiograptus]
dub ius cf. dubius 157

..Pristiograptu s "
rarus 165
transgrediens 128, 165

Pseudomonoclim acis 115, 123, 125, 127, 128, 166
bandaleto vi 127
cinctutus 127
daleje nsis 38,99, 104, 107, 108, 127, 161, 163,

164,1 66
elegans 127, 128
haupti 98
latilobus 43,87,95*, 104, 106, 107, 108, 115, 117,

118, 127, 129, 161, 162, 162*, 163, 163*, 164*,
165,1 66,1 68, 208(PI. 15), 212(PI. 17), 214(PI. 18),
216(PI. 19)

cf. lat ilobus 97
ex. gr. latil obu s 103
medius 98
mieropoma 56(PI. 4)
podolicus 166
sp 101, 108, 160
ultimus 166, 167

Pseudoplectograptus 25
Pseudoretiolites

sp 25
Rastr ites 125
Retiolites geinitzianus 25
Saetograptus 33, 34, 123, 125, 127

chimaera 235
chimaera cervicornis 34, 36
chimaera chimae ra 34, 36
fritschi 36
fritchi linearis 111
leintwardinensis .36, 99, 103

Saetograptus (Colonograptus) 115, 127, 128
insign itus 100,1 61, 163,165
lochk ovensis 77

Saetograptus (Sa etograptus]
linearis 101

Semip lectograptus 37
urban eki 37

Skalograptus 74, 108, 127, 156, 168
rams 74, 165
ultimu s 99
vetus 99, 127, 128, 168, 173

Sokolovograptu s
pa rens 25
telleri 25
tex tor 25

Spinograptus 37
clathrospinosus 37
muen chi 37
spinosus 37
turri culatus 138

Spi rograp tus'I
fo n nos us 134

Tamplograptus 126
convexus 134
fo rmo sus 98, 99, 134

Testograptus
testis 109

Uncinatograptus 108, 126
angustidens 99
bouceki 99
caudatus 98
perner i 99
rectus 98
similis 99

Wolynograptlls 126
bal ticus 129
hamulosus 129
valleculosus 126



PREFACE

Although the study of erratic boulders derived from the classical Silurian succession of the
Baltic region, had provided, even earlier, a certain insight into the subsurface Silurian of the
Northern part the Polish Lowland, a real breakthrough was made due to a large scale drilling
programme initiated in 1957 by the Polish Geological Institute. Within the Early Palaeozoic rocks
graptolites were among the most priviledged groups, as their remains were most common and
best preserved. They offered a rich material suitable for etching and further morphological
scrutiny. Some especially carefully measured and studied well cores provided crucial information
concerning the development of graptoloid faunas and Silurian stratigraphy in the Polish part of
the East European Platform (EEP).

The first part of the book discusses the major features of the platformian Silurian in Poland
and the adjacent areas, while the second one summarizes and updates the earlier results concern
ing the development, trends and patterns of graptoloid faunas from Wenlock and Ludlow Series.
The following chapters contain up-to-date taxonomic and biostratigraphic studies on the late
Ludfordian and Pfidoli divisions of the Silurian. The last chapter goes beyond the empirical
evidence and shows the emergence of linograptids against a wider background of evolutionary
biology.

We thank Mrs Irina Bagajewa-Urbanek (Warsaw) for her inspiring co-operation when trans
lating the text into English and finally we express our gratitude to Professor Alfred C. Lenz
(London, Ontario, Canada) from whose comments and remarks our book has benefited enormously.

The Editors
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