EVOLUTION AND TAXONOMY OF THE SILURTAN
CONODONT PTEROSPATHODUS

by PEEP MANNIK

ABSTRACT. New data indicate that Carniodus is not a separate taxon but the elements considered to belong to
it in reality formed a part of the Prerospathodus apparatus. The latter contains 14 elements: Pa, Pb,, Pb,. Pc,
M, (+M, in P. pennatus procerus), Sc,, Sc,, Sc,, Sb,, Sb,, Sa, carnuliform with five morphs, carniciform, and
curved element with three morphs. Two ecologically distinct lineages existed and evolved separately. One
lineage (P. amorphognathoides angulatus — P. amorphognathoides lennarti ssp. nov. — P. a. lithuanicus — P. a.
amorphognathoides) dominated open shelf carbonate-terrigeneous environments and the other (P. pennatus
pennatus — P. p. procerus) the deeper basinal, graptolite-bearing facies. Both lineages evidently originated from
a common ancestral taxon at the top of the P. eopennatus Biozone. Three main evolutionary intervals,
separated by levels at which the most distinct morphological changes to the elements took place, have been
recognized in the Pterospathodus sequence. Evolution was more rapid, and the morphological variation within
each population considerably higher, in the P. amorphognathoides lineage.

P. a. angulatus and P. p. pennatus are recognized as separate taxa. P. celloni has a short range and originated
from the P. pennatus lineage. Five morphologically distinct chronological populations are recognized in the
P. a. amorphognathoides range.

PrerospaTHODUS 1s one of the dominant taxa in Telychian conodont faunas, and Walliser (1964)
based the first conodont zonation of this interval on Prerospathodus species. The genus has been
subsequently widely recognized (for summary see Jeppsson 1987). However, although more than 30
years have passed since the first descriptions of Prerospathodus, and although its species have been
widely used in stratigraphy, knowledge of this genus is still poor. The limitations of existing
knowledge of apparatus structure, taxonomic composition, ecology and evolution of Prerospathodus
have resulted in many different taxonomic and stratigraphical interpretations (Walliser 1964;
Barrick and Klapper 1976; Jeppsson 1979; Mabillard and Aldridge 1983 Bischoff 1986; Minnik
and Aldridge 1989; etc.). Mdnnik and Aldridge (1989) discussed the evolution and relationships
within Pterospathodus and documented sequential changes shown by populations. They recognized
morphological differences between sinistral and dextral Pa elements, and concluded that pennate
forms (with a single unbranched or branched lateral process) and non-pennate forms (without a
lateral process), previously treated as separate taxa (P. angulatus, P. pennatus and P. celloni), are
conspecific. They assigned all these morphotypes to P. celloni.

Now, study of rich and well preserved collections (CAI = 1) from Estonia and Gotland, Sweden
(Text-fig. 1; Appendix) has provided detailed information about Prerospathodus necessitating a re-
evaluation of existing ideas about the taxonomy, evolution and ecology of the genus.

APPARATUS

The structure of the Pterospathodus apparatus is evidently much more complicated than previous
studies suggested. The co-occurrence, similarities in evolutionary patterns and in ecology of
Pterospathodus and Carniodus indicate that both sets of elements belonged to the same apparatus.

Pterospathodus was originally reconstructed as a bimembrate apparatus (Walliser 1964), and later
as a quadrimembrate apparatus including Pa, Pb, M and Sc elements (Barrick and Klapper 1976).
Mabillard and Aldridge (1983) recognized a fifth — Sa/Sb — element, although it appeared to be
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TEXT-FIG. 1. Location of studied sections (for details see Appendix).

morphologically almost identical to its analogue in the Carniodus apparatus as reconstructed by
Barrick and Klapper (1976). Later, the Sc element of Barrick and Klapper (1976) was re-interpreted
to be a Pc element by Aldridge (in Méannik and Aldridge 1989).

Jeppsson (1979) was the first to propose that elements considered to belong to Carniodus in reality
formed a part of the Pterospathodus apparatus. The main argument against Jeppsson’s idea — the
difference in stratigraphical ranges (see Madnnik and Aldridge 1989, pp. 894-895) — has lost its
validity in the light of my new information: Carniodus has exactly the same stratigraphical range
as Pterospathodus (Midnnik 1992). The absence or extreme rarity of Carniodus elements in
collections from the lowermost part of the Prerospathodus range in many sections is most probably
caused by their very small size. Small specimens are the most likely to be dissolved or washed away
during the laboratory processing of samples.

Each taxon of Pterospathodus is associated with a distinct set of elements of Carniodus type, and
the two sets display parallel evolutionary patterns (see below). It is concluded that Carniodus did
not exist as a separate apparatus but represents elements of the Prerospathodus apparatus, mostly
from its primary symmetry transition series. All of the elements (except the Sa) in the Pterospathodus
apparatus are represented by sinistral and dextral forms, but some of them — Pb,, Sc,, carnuliform
(morphs a, b, and short morph) - evidently also include symmetrical forms. Elements are
morphologically variable and several morphs can be recognized in all of them. All morphs of the
same element are closely related to each other and intermediate morphologies between them exist.
Only the most distinctive and stratigraphically valuable morphs are described. Below, the elements
are characterized briefly and the possible position of them in the apparatus indicated (Text-fig. 2;
the main shape categories of elements according to Sweet 1981, 1988).

1. Pa element — carminate, pastinate and stellate (rare) elements in older strata, stelliscaphate and
pastiniscaphate elements in younger strata. Originally described as Pterospathodus
amorphognathoides s.f., Spathognathodus celloni s.f. and S. pennatus s.f. (Walliser 1964).



MANNIK: SILURIAN CONODONTS 1003

cf,a cf,b cf,s mcf mcf,s cur,a cur,b cur,c

TEXT-FIG. 2. Elements in the Pterospathodus apparatus: ccf — carniciform element; cf, a — carnuliform element,

morph a; cf, b - carnuliform element, morph b; cf, s — carnuliform element, short morph; mcf - modified

carnuliform element; mcf, s — modified carnuliform element, short morph; cur, a — curved element, morph a;
cur, b — curved element, morph b; cur, ¢ — curved element, morph c.

2. Pb, element — angulate (in older strata) to anguliscaphate (in younger strata), with distinct cusp.
Originally described as Ozarkodina adiutricis s.f. and O. gaertneri s.f. (Walliser 1964).

3. Pb, element — dolobrate (in P. eopennatus), angulate (in P. pennatus and older part of the P. a.
amorphognathoides lineage) to anguliscaphate (in P. a. amorphognathoides), with poorly developed
cusp. Originally described as Carniodus carinthiacus s.f. (Walliser 1964).

4. Pc element — pastinate, with short anterior and outer lateral, and longer posterior processes.
Originally described as Neoprioniodus costatus s.f. (Walliser 1964).

5. M, element — dolabrate, with short undenticulated anterior (anticusp) and inner lateral processes,
and short denticulated posterior process. Originally described as N. triangularis s.f. (Walliser 1964).
6. M, element — dolabrate, similar to M, but is slender, less curved inside, with shorter processes
and without anticusp. Recognized only in the P. pennatus procerus apparatus.

7. Sc, element — bipennate, relatively short anterior process directed steeply downwards and turned
only slightly to inner side; longer posterior process almost straight. Originally described as C. carnus
s.f. (Walliser 1964).

8. Sc, element —dolabrate, anterior process directed downwards as a well-developed anticusp;
denticulated posterior process relatively long. Originally described as N. subcarnus s.f. (Walliser
1964).

9. Sc, element — dolabrate, similar to Sc, but anticusp is poorly developed; posterior process is
short and with denticles which rapidly decrease in size distally. Appears in the P. eopennatus ssp.
nov. 2 apparatus.
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10. Sb, element — tertiopedate, outer lateral process denticulated, inner one undenticulated (or with
few small denticles) and directed steeply downwards as an anticusp; posterior process denticulated
and straight. In P. eopennatus ssp. nov. 1, P. eopennatus ssp. nov. 2 and P. p. procerus the distal part
of the outer lateral process is bifurcated. Originally described as Roudya latialata s.f. (Walliser 1964,
pl. 31, fig. 13).

11. Sb, element — tertiopedate, similar to Sa, but lateral processes are asymmetrical and the
posterior process 1s curved sigmoidally to the outer side. In P. eopennatus ssp. nov. 1, P. eopennatus
ssp. nov. 2 and P. p. procerus the distal part of the outer lateral process is bifurcated. Originally
described as R. latialata s.f. (Walliser 1964, pl. 6, fig. 15; pl. 31, figs 11-12).

12. Sa element — alate, all processes denticulated, lateral processes situated symmetrically.
Originally described as R. latialata s.f. (Walliser 1964)?

13. Carnuliform element, morph a — angulate to carminate, elements with high base and short
processes with few relatively wide short denticles. Elements highly variable, forming a transition
series of morphologies from elements with almost symmetrically situated anterior and posterior
processes and a vertical cusp at one end of the series to strongly posteriorly inclined elements at the
other. The latter type possesses a denticulated posterior process but only a single denticle (or none)
anterior to the cusp. Based on the form of the cusp and the curvature of processes sinistral, dextral
and symmetrical forms can be recognized. Position in apparatus unknown. Originally described as
C. carnulus s.f. (Walliser 1964).

14. Carnuliform element, morph b —angulate to carminate, carnuliform element with densely
denticulated processes. Denticles higher, thinner and more numerous than those on morph a. Forms
a morphology transition series similar to that of morph a. Specimens morphologically intermediate
between morphs a and b have been found. Sinistral, dextral and symmetrical elements are
recognized. Position in apparatus unknown.

15. Carnuliform element, short morph — angulate to carminate, similar to morph a but with short
cusp. Less common than morphs a and b. Sinistral, dextral and probably also symmetrical elements
exist. Position in apparatus unknown. Appears in the P. amorphognathoides lennarti ssp. nov.
apparatus.

16. Modified carnuliform element — pastinate, carnuliform element with short straight denticulated
outer lateral process. Position in apparatus unknown.

17. Modified carnuliform element, short morph — pastinate and stellate, short morph of carnuliform
element with short denticulated lateral process on one or both sides of the element. Position in
apparatus unknown. Appears in the P. amorphognathoides lennarti ssp. nov. apparatus.

18. Carniciform element — angulate to carminate, elements relatively short, triangular in lateral
view, with cusp strongly curved to the inner side. Forms a transition series of morphology from
elements with almost symmetrically situated processes and vertical (in lateral view) cusp to those
with the cusp moderately inclined posteriorly. Position in apparatus unknown.

19. Curved element, morph a — angulate to carminate, element with high base, high vertical cusp
and densely denticulated lateral processes considerably turned to inner side. The length of the
processes varies. Position in apparatus unknown.

20. Curved element, morph b —angulate, similar to morph a of curved element but processes
shorter and strongly turned to the inner side. Position in apparatus unknown.

21. Curved element, morph ¢ — angulate, resembles morph a of curved element but differs by having
fewer and larger denticles on the processes. As a rule the cusp is inclined posteriorly. Position in
apparatus unknown. Appears in the P. amorphognathoides lithuanicus apparatus.

Hence, the Prerospathodus apparatus is probably made of 14 different elements: Pa, Pb,, Pb,, Pc,
M, (joined by the M, element in the P. pennatus procerus apparatus), Sc,, Sc,, Sc,, Sb,, Sb,, Sa and
three main groups (carnuliform, carniciform and curved) of highly variable elements with unknown
positions in the apparatus. This is many more than is usually recognized in Ordovician and Silurian
conodonts. No apparatus known so far from a natural, bedding plane assemblage has so many
elements. However, it is quite possible that the carnuliform element at least instead of occupying a
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separate position in the apparatus in reality belonged to some of the S elements and its morphology
transition series formed continuations of the (posterior) processes of the S elements. The positions
of elements, identified here as Pb,, M, and Sc,, and not known in any other apparatus, are still
problematical. The notation used for them in this paper only indicates that, morphologically, these
elements are closest to those traditionally considered to occupy the Pb, M and Sc positions
respectively in the conodont apparatuses.

SYSTEMATIC PALAEONTOLOGY

Considerable revisions of the taxonomy of Pterospathodus are required by the new data. Contrary
to the conclusions of Minnik and Aldridge (1989), P. angulatus and P. pennatus are here recognized
as separate taxa belonging to different lineages. P. pennatus 1s represented by two chronological
subspecies: P. p. pennatus and P. p. procerus. P. angulatus 1s recognized as the oldest representative
of the P. amorphognathoides lineage: P. a. angulatus.

It appears that the fauna from the Johve core discussed in Miannik and Aldridge (1989, text-fig. 2)
represents only a part (from the A. kuehni Subzone to Population 3 of the P. a. amorphognathoides
Zone above; see Text-fig. 3 and Miannik 1995) of the range of Pterospathodus in Estonia. No
elements of P. celloni s.s. were found during a restudy of the Johve core collection. The form,
identified previously as P. celloni in Estonia (and probably also in many collections from other
regions of the world — restudy of collections is needed) appears to be multitaxonomic. It is here
reidentified as P. eopennatus ssp. nov. 1, P. eopennatus ssp. nov. 2, P. a. angulatus and P. a. lennarti
SSp. nov.

In the descriptions below only brief characterizations of the morphological features essential to
identify each taxon are given.

Figured specimens from Estonia are deposited in the Institute of Geology, Tallinn Technical
University, Tallinn, Estonia, and those from Gotland in the Department of Historical Geology and
Palaeontology, Lund University, Lund, Sweden.

Genus PTEROSPATHODUS Walliser, 1964
Type species. Pterospathodus amorphognathoides Walliser, 1964, from the Telychian, Cellon, Austria.

Remarks. Pterospathodus 1s a morphologically complicated genus which evolved rapidly. Eight taxa,
representing three distinct lineages (treated here as species) — P. eopennatus, P. pennatus and P.
amorphognathoides — are recognized in the Estonian sequence.

In many regions (Alaska — Savage 1985; Australia — Bischoff 1986 north-western Canada — Over
and Chatterton 1987; McCracken 1991; Greenland — Armstrong 1990) P. rhodesi, all elements of
which are characterized by extremely wide platforms/platform ledges, replaced or co-existed with
P. a. amorphognathoides. The origin of P. rhodesi and its relationship to other taxa of Pterospathodus
are not yet known.

It is possible that also some other species of Pterospathodus existed. Pterospathodus aff. P.
amorphognathoides (Nowlan 1981, pl. 7, figs 2-3, 5; later reidentified as Prerospathodus n. sp. A by
Nowlan 1983), Pterospathodus n. sp. B (Nowlan 1983, fig. 4 J, L, Q-R, U) and a conodont identified
by Nowlan as P. pennatus (Nowlan 1981, pl. 7, figs 1, 4) have been described from eastern Canada
(Gaspé Peninsula). Pterospathodus n. sp. A has been recognized also on Severnaya Zemlya
(Minnik, 1983, fig. 5 P) and in the Timan-Pechora region (Melnikov, pers. comm.). It is noteworthy
that in all these regions ‘real’ Pterospathodus is extremely rare (Gaspé Peninsula and Timan-Pechora
region) or absent (Severnaya Zemlya). So far, only the Pa element of Prerospathodus n. sp. A,
Pterospathodus n. sp. B, and P. pennatus sensu Nowlan (1981) are known. It is evident that all these
taxa are closely related to each other. However, their relations to the Pterospathodus described
below are not clear and need further studies.
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Several other taxa, originally also described as species of Pterospathodus, appear to belong to
some other genera. P. posteritenuis (Uyeno and Barnes 1983, pl. 2, figs 1-11, 14-18) is, most
probably, identical to Pranognathus tenuis (Mdnnik and Aldridge 1989, text-fig. 5). The apparatus
of P. cadiaensis of Bischoff (1986) was studied in detail by Wang and Aldridge (1996), and
reidentified as Gamachignathus macroexcavatus. P. retroramus of McCracken (1991, pl. 4, figs
24-25:; pl. 5, figs 1-5, 8) is most probably related to Astropentagnathus, not to Pterospathodus.

P. eopennatus lineage

1971
p 1971

vp .1972

v. 1972
1975
non 1975

1978
1978
1978
1978

1979
1979
1979
1979
1980
p? 1983

1985
1985
v. 1986
v. 1986
? 1986
p? 1986
7 1987
1988
v. 1989
1990
1990
1990
1990
p 1990

v. 1990
71991
? 1996
7 1996

P. eopennatus sp. nov.

Spathognathodus celloni Walliser, 1964; Schonlaub, p. 44, pl. 2, figs 1-5.
Carniodus carinthiacus Walliser, 1964; Schonlaub, p. 46, pl. 3, fig. 6 (non figs 7-8 [= P. a.
amorphognathoides)).
Neoprioniodus costatus paucidentatus Walliser, 1964 ; Aldridge, p. 193, pl. 5, fig. 21 (non fig. 20
[indet.]).
zarkodina adiutricis Walliser, 1964; Aldridge, p. 198, pl. 5, figs 2-3.
Llandoverygnathus celloni (Walliser, 1964); Aldridge, pl. 1, figs 20-21.
Llandoverygnathus celloni (Walliser, 1964); Schoénlaub, p. 53, pl. 1, figs 18-19 ([=
Aulacognathus? sp.]).
Neoprioniodus costatus paucidentatus Walliser, 1964; Miller, pl. 2, fig. 12.
Exochognathus brevialatus (Walliser, 1964); Miller, pl. 3, figs 7-8.
O:zarkodina adiutricis Walliser, 1964 ; Pickett, pl. 1. fig. 27.
Neospathognathodus pennatus (Walliser, 1964); Pickett, pl. 1, figs 24-25.
Carniodus sp. Aldridge, p. 12, pl. 1, fig. 8.
Llandoverygnathus celloni (Walliser, 1964); Aldridge, pl. 1, figs 9-10.
Llandoverygnathus pennatus (Walliser, 1964); Aldridge, pl. 1, fig. 11.
Liandoverygnathus sp. 12 Aldridge, pl. 1, figs 12-15.
Pterospathodus celloni (Walliser, 1964); Aldridge, fig. 1.
simple cone element, group ‘¢’ Uyeno and Barnes, p. 26, pl. 8, figs 67, 9-12, 18? (non fig. 19
[indet.]).
Pterospathodus celloni (Walliser, 1964); Aldridge, p. 80, pl. 3.1, figs 25-26.
Pterospathodus celloni (Walliser, 1964); Qiu, pl. 1, figs 1-2.
Pterospathodus celloni (Walliser, 1964); Bischoff, p. 194, pl. 28, figs 34-39; pl. 29, figs 1-8.
Pterospathodus pennatus (Walliser, 1964); Bischoff, p. 200, pl. 30, figs 12-14, 23-30.
Pterospathodus pennatus (Walliser, 1964); Jiang et al., pl. 4, fig. 3.
Spathognathodus celloni Walliser, 1964 ; Jiang et al., pl. 4, figs 5, 17 (non fig. 6 [indet.]).
Pterospathodus celloni (Walliser, 1964); Over and Chatterton, p. 2, fig. 1.
Pterospathodus celloni (Walliser, 1964); Qiu, pl. 1, fig. 3 [cop. Qiu 1985, pl. 1, fig. 1].
Pterospathodus, celloni-morph Miannik and Aldridge, text-fig. 34.
Carniodus sp. Armstrong, pl. 8, fig. 5.
Pterospathodus celloni (Walliser, 1964); Armstrong, p. 118, pl. 19, figs 6-14.
Pterospathodus pennatus pennatus (Walliser, 1964); Armstrong, p. 119, pl. 19, figs 15-17.
Pterospathodus celloni (Walliser, 1964); Uyeno, p. 65, pl. 3, figs 1-7, 13-14; pl. 11, figs 25-30.
Pterospathodus cf. P. celloni (Walliser, 1964); Uyeno, pl. 11, figs 18-20 (non pl. 3, figs 810 [=
Astropentagnathus? sp.]).
Pterospathodus celloni (Walliser, 1964); Méannik and Viira, pl. 17, figs 18, 21.
Pterospathodus celloni (Walliser, 1964); McCracken, p. 109, pl. 4, figs 4-11.
Carniodus carnulus Walliser, 1964; Wang and Aldridge, pl. 4, fig. 12.
Pterospathodus celloni (Walliser, 1964); Wang and Aldridge, pl. 5, figs 2-3.

Derivation of name. In reference to the morphological similarity and postulated direct evolutionary relationship
to P. pennatus.

Holotype. Pa element Cn 7879, Nurme core, sample M-889, int. 30-20-30-30 m; Plate 1, figure 19.

Type horizon and locality. Lower part of the Velise Formation, Adavere Regional Stage, Telychian; Nurme
core, interval 14:00-30-30 m.
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Diagnosis. Pa element morphologically highly variable, with a pennate inner lateral process. Pb,
element without anterior process. Posterior processes of S elements evenly denticulated. Processes
of carniciform element undenticulated.

Description. Pa element is represented by eight main morphs.

Morph la — elements relatively long (up to 16-18 denticles). Sinistral elements (Pl. 1, figs 18-19; Pl. 2, fig. 35;
Text-figs 4p, 5M, R—S), as a rule, without lateral process. The denticles are lower in the middle of the blade and
relatively higher at each end. Dextral elements (PI. 1, figs 10, 20, 22; PI. 2, figs 34, 40; Text-figs 4x, 64) differ
by having a pennate lateral process and have higher denticles only at the anterior end of the blade. Both
sinistral and dextral elements possess a short, triangular, generally undenticulated outer lateral lobe or process
(a few specimens have a single denticle on it). Basal cavity deep and wide under posterior part of element. The
lower line of the denticle roots turns steeply down in the posterior part of the blade.

Occurrence. Appears in the A. irregularis Subzone, is quite rare in the 4. kuehni Subzone, but becomes common
in the 4. tuberculatus ssp. nov. 2 Subzone.

Morph 1b (PL. 1, fig. 21; Text-figs 4N—0, Q, 6E-F, J-K) — similar to morph la but differs from it by having
considerably shorter denticles and a higher base. Rare dextral specimens may possess a bifurcated lateral
process (Text-fig. 4N).

Occurrence. The same as for morph la.

Morph 2a — short elements with distinctly higher denticles on the posterior part (sinistral element — Pl. 2, figs
32, 37, 39; Text-figs 5L, 61, N, T) or anterior part (dextral element — PI. 2, figs 23, 36; Text-figs 51-K, 6G-H, M)
of the blade. Lateral process better developed on the dextral element. Short triangular undenticulated lateral
process i1s common on the outer side on both elements. Denticles are relatively tall.

Occurrence. Appears in the uppermost part of the A4. irregularis Subzone and reaches the A. ruberculatus ssp.
nov. 3 Subzone. Dominates in the A. kuehni Subzone but is less common below and above that interval.

Morph 2b (Text-fig. 50-p) — similar to morph 2a; differs from it by having shorter denticles and higher base.
Occurrence. The same as for morph 2a, but morph 2b is less common.

Morph 3 (Pl 1, figs 16-17; Text-figs 4a-B, G, 5D, G-1, 7TH-1, Q) — dextral and sinistral forms almost identical.
Elements relatively long with narrow, tall denticles. Denticle roots (white matter) almost reaches the base line
on the distal parts of the blade. The denticles are somewhat lower near the cusp but higher on the distal parts
of the blade. A denticulated lateral process is common on dextral, but rare on sinistral elements. Basal cavity
shallow and narrow.

Occurrence. Relatively rare but occasionally present from the A. irregularis Subzone to 4. tuberculatus ssp. nov.
3 Subzone.

Morph 4 (PL. 2, figs 33, 38, 41, Text-fig. 6L, 0P, U) — relatively short, anterior denticles highest proximally,
decreasing gradually in height in the distal direction. Posterior denticles are considerably shorter. The sharp
decrease in the height of denticles just behind the cusp is the most characteristic feature of this morph.
Intermediates between morphs 4 and 2 have been found.

Occurrence. A. tuberculatus ssp. nov. 2 Subzone.

TEXT-FIG. 4. Pterospathodus eopennatus ssp. nov. 1; Astropentagnathus irregularis Subzone. A-B, G, Pa element,
morph 3. c-F, H—M, Pa element, morph 5. N—0, Q, Pa element, morph 1b. p, X, Pa element, morph la. R—w, Pa
element, morph 6. Y-z, A'-¥', ', M, Pb, element. w'-D? Pb, element. G'-1', o', M, element; K'-L', N', P!, Pc
element. Q'-u', carnuliform element, morph a. v!, modified carnuliform element. g%, G2, carniciform element.
F*, 1%, Sc, element. H?, 1%, Sc, element. K*, Sb, element. L*, Sa element. M?, Sb, element. Scale bar represents 1 mm.
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Morph 5 — both sinistral (P1. 1, figs 25-27, 33; Text-figs 4F, K-M, 5B—C, F) and dextral (PI. 1, figs 28(?), 30, 35-36;
Text-figs 4c—E, H-J, 5A, E) forms relatively short with higher denticles close to the ends of the blade. Those on
the anterior blade are slightly higher than on the posterior. Basal margin almost straight in lateral view (PI. 1,
figs 26, 30; Text-fig. 4H-M) or slightly convex (Pl. 1, fig. 28(?); Text-fig. 4c—F). Inner denticulated lateral
process well developed on both forms. Shorter outer lateral process better developed (often bearing one or two
denticles) on the sinistral forms.

Occurrence. Upper part of the A. irregularis Subzone and the lowermost part of the A. kuehni Subzone.
Morph 6 (PL. 1, figs 23(7), 24, 29, 34; Text-fig. 4rR—w) — similar to morph 5 but differs by being relatively shorter,
possessing higher denticles (particularly on dextral elements — Pl. 1, figs 29, 34; Text-fig. 4r—s, U) and having

poorly developed lateral process(es).

Occurrence. A. irregularis Subzone.

EXPLANATION OF PLATE 1

Figs 1-9, 11-15. Pterospathodus eopennatus ssp. nov. 2. 1, Cn 7861 ; outer lateral view of sinistral Pb, element.
2, Cn 7862; outer lateral view of dextral Pb, element. 3, Cn 7863; posterior view of dextral Sb, element. 4,
Cn 7864 outer lateral view of sinistral modified carnuliform element. 5, Cn 7865; outer lateral view of
dextral curved element, morph a. 6, Cn 7866; inner lateral view of dextral Sc, element. 7, Cn 7867; outer
lateral view of sinistral carnuliform element, morph a. 8, Cn 7868; posterior view of sinistral Sb, element.
9, Cn 7869 inner lateral view of dextral carniciform element. 11, Cn 7870; outer lateral view of dextral Pb,
element. 12, Cn 7871 ; inner lateral view of dextral Sc, element. 13, Cn 7872; inner lateral view of dextral Sc,
element. 14, Cn 7873; outer lateral view of dextral Pc element. 15, Cn 7874; outer lateral view of dextral Pb,
element. Figs | and 11 from Nurme core, sample M-900, int. 22:65-22-80 m; figs 2-3, 5, 8 and 14 from Nurme
core, sample M-907, int. 17-50-17-60 m; figs 4, 6-7, 9, 12-13 and 15 from Viki core, sample M-8, int.
168-60—168-80 m.

Figs 10, 16-46. Pterospathodus eopennatus ssp. nov. 1. 10, Cn 7875; inner lateral view of dextral Pa element,
morph la. 16, Cn 7876; inner lateral view of sinistral Pa element, morph 3. 17, Cn 7877; inner lateral view
of dextral Pa element, morph 3. 18, Cn 7878 inner lateral view of sinistral Pa element, morph la. 19, Cn
7879 inner lateral view of sinistral Pa element, morph la. 20, Cn 7880; upper view of dextral Pa element,
morph la. 21, Cn 7881 inner lateral view of sinistral Pa element, morph 1b. 22, Cn 7882; inner lateral view
of dextral Pa element, morph la. 23, Cn 7883; inner lateral view of sinistral Pa element, morph 6(?). 24, Cn
7884 inner lateral view of sinistral Pa element, morph 6. 25, Cn 7885; inner lateral view of sinistral Pa
element, morph 5. 26, Cn 7886, inner lateral view of sinistral Pa element, morph 5. 27, Cn 7887 upper view
of sinistral Pa element, morph 5. 28, Cn 7888; inner lateral view of dextral Pa element, morph 5(?). 29,
Cn 7889; inner lateral view of dextral Pa element, morph 6. 30, Cn 7890; inner lateral view of dextral Pa
element, morph 5. 31, Cn 7891 ; outer lateral view of dextral Pc element. 32, Cn 7892; outer lateral view of
dextral Pc element. 33, Cn 7893 ; upper view of sinistral Pa element, morph 5. 34, Cn 7894; inner lateral view
of dextral Pa element, morph 6. 35, Cn 7895; upper view of dextral Pa element, morph 5. 36, Cn 7896 ; upper
view of dextral Pa element, morph 5. 37, Cn 7897 outer lateral view of sinistral Pc element. 38, Cn 7900;
lateral view of symmetrical Pb, element. 39, Cn 7899; outer lateral view of dextral Pb, element. 40, Cn 7898
outer lateral view of sinistral Pb, element. 41, Cn 7901 ; outer lateral view of sinistral Pb, element. 42, Cn
7902; outer lateral view of sinistral Pb, element. 43, Cn 7903 ; outer lateral view of dextral Pb, element. 44,
Cn 7904 ; inner lateral view of sinistral Sc, element. 45, Cn 7905; inner lateral view of dextral Sc, element.
46, Cn 7906 ; inner lateral view of sinistral carniciform element. Figs 10, 18, 20 and 21 from Valgu section,
sample M-882: figs 16-17 from Nurme core, sample M-891, int. 29-10-29-20 m; figs 19, 22 and 32 from
Nurme core, sample M-889, int. 30-20-30-30 m; figs 23-24, 34 and 41-43 from Viki core, sample M-954, int.
183-17-183-32 m; figs 25, 28 and 35 from Viki core, sample M-960, int. 181-:81-181-91 m; fig. 26 from Viki
core, sample M-956, int. 182:90-183:04 m; figs 27, 31 and 37 from Viki core, sample M-962, int.
181-29-181-40 m; fig. 29 from Viki core, sample M-958, int. 182:22-182:30 m; figs 30, 33 and 36 from Nurme
core, sample M-890, int. 29-50-29-60 m; figs 38-40, 4446 from Nurme core, sample M-903, int.
20-40-20-50 m.

All x 50.
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Remarks. In all morphs the sinistral and dextral forms of the Pa element are morphologically
different from each other. The pennate inner lateral process tends to be more common on the dextral
element. In this paper two populations, evolutionarily connected and stratigraphically following
each other, are described as subspecies of P. eopennatus: P. eopennatus ssp. nov. 1 and P. eopennatus
ssp. nov. 2.

P. eopennatus can be recognized world-wide (see synonymy). However, a revision of collections
is needed to identify subspecies.

Pterospathodus eopennatus ssp. nov. |
Plate 1, figures 10, 16-46; Text-figures 4, SA—C, E-F

Material. Several hundred to over a thousand of each of Pa, Pb, and Pc elements; tens to hundreds of Pb,,
M, Sc,, Sc,, Sb, Sa and carnuliform elements: few tens of carniciform elements.

Diagnosis. P. eopennatus with Pa element represented by morphs la, 1b, 3, 5 and 6; the last two are
found only in this taxon. Pb, element relatively long, arched in lateral view.

Remarks. The relative abundance of morphs varies in different parts of the studied area. Morphs
la and 1b dominate faunas in the continental part of Estonia whereas morph 6 is the most abundant
in the Viki core from the western part of the island of Saaremaa (Text-fig. 1). However, all morphs
described above have been found in all studied sections from this interval.

Occurrence. A. irregularis Subzone and the lowermost part of the 4. kuehni Subzone.

Pterospathodus eopennatus ssp. nov. 2
Plate 1, figures 1-9, 11-15; Plate 2, figures 23, 32-41; Text-figures 5D, G-v!, 6

v. 1998  Pterospathodus sp. nov. e Midnnik and Maltkowski, pl. 1, figs 19, 23-25, 27.

Material. Several hundred Pa and Pb, elements; tens to hundreds of Pb,, Pc, M, Sc, and Sc, elements; a few
tens of Sc,, Sb, Sa, carnuliform and carniciform elements.

Diagnosis. P. eopennatus with the Pa element represented by morphs la, 1b, 2a, 2b, 3 and 4. Pb,
element short and triangular in lateral view.

Remarks. Pb, element dominated by forms which are relatively short and almost triangular in
lateral view (PL. 1, figs 1, 11; Text-figs 5ST-U, c'-D', 6Q-R). Rare specimens with a longer anterior
process (Pl. 1, fig. 15; Text-fig. 5Q) may be found in the lower part of the P. eopennatus ssp. nov. 2
range but become dominant in the upper part (in the 4. ruberculatus ssp. nov. 2 Subzone). Other
elements are morphologically identical in both subspecies.

Two chronological populations are recognized in the range of P. eopennatus ssp. nov. 2.

1. The population in the A. kuehni Subzone (Text-fig. 5, G-v') is dominated by morph 2a; morphs
la and 1b are rare and morph 3 can be found occasionally.

2. The population in the A. tuberculatus ssp. nov. 2 Subzone (Text-fig. 6) is dominated by morphs
la and 1b; morphs 2a and 2b occur but are rare. Morph 4 is restricted to this subzone. Also, the
oldest Sc, elements (Pl. 1, fig. 12; Text-fig. 61'-k") found so far come from this population.

Occurrence. A. kuehni and A. tuberculatus ssp. nov. 2 subzones.

TEXT-FIG. 5. Pterospathodus eopennatus ssp. nov.; Aulacognathus kuehni Subzone. A-c, E-F. Pterospathodus
eopennatus ssp. nov. 1, Pa element, morph 5. b, G-V, Pterospathodus eopennatus ssp. nov. 2. D, G-1, Pa element,
morph 3. 1-L, Pa element, morph 2a. M—N, R-S, Pa element, morph la. o-p, Pa element, morph 2b. @, T-U,
c'-p', Pb, element. v, E!', M, element. w-z, Pb, element. A’-B’, Sc, element. F', K!, Pc element. H', Sb, element.
G', R', Sb, element. 1'-7", Sc, element. L'-M', §', carnuliform element, morph a. N', curved element, morph a.
o', Sa element. p'-Q', modified carnuliform element. T'~v', carniciform element. Scale bar represents | mm.
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P. amorphognathoides lineage
Pterospathodus amorphognathoides Walliser, 1964 sensu nov.

Diagnosis. The Pa element of P. amorphognathoides is characterized by an inner lateral process,
pennate in the older and bifurcated in the younger forms; with (in younger populations) or without
(in older ones) a basal platform; may or may not possess a triangular to semiquadrate lateral lobe
or short, usually undenticulated process on the outer side of element. Pb, element with anterior and
posterior processes. Posterior processes of the S elements unevenly denticulated ; within the row of
short narrow denticles a few larger ones are randomly situated. Processes of the carniciform element
bear up to four or five tiny denticles.

Remarks. P. amorphognathoides is represented by a morphologically variable sequence of closely
related populations including several evolutionarily connected successive subspecies: P. a. angulatus,
P. a. lennarti ssp. nov., P. a. lithuanicus and P. a. amorphognathoides (see below). The changes in
the morphology of the elements in the apparatus at the boundary between the P. eopennatus and
P. amorphognathoides lineages are relatively sharp and took place at the level corresponding to one
of the main events in the evolution of Telychian conodont faunas (Médnnik 1995).

Pterospathodus amorphognathoides angulatus (Walliser, 1964)
Plate 2, figures 1-22, 24-31; Text-figures 7-8

v.* 1964  Spathognathodus pennatus angularus Walliser, p. 79, pl. 14, figs 19-22.
1975 Llandoverygnathus pennatus (Walliser, 1964); Aldridge, pl. 1, figs 24-25.
1981  Pterospathodus pennatus procerus (Walliser, 1964); Uyeno and Barnes, pl. 1, fig. 23.
71981  Pterospathodus celloni (Walliser, 1964); Uyeno and Barnes, pl. 1, figs 20-21.
71981  Carniodus carnulus Walliser, 1964; Uyeno and Barnes, pl. 1, figs 18-19.
1982 Pterospathodus pennatus angulatus (Walliser, 1964); Aldridge and Mohamed, pl. 2, figs 8-11.
1982 Prterospathodus pennatus pennatus (Walliser, 1964); Aldridge and Mohamed, pl. 2, fig. 12.
1982 Pterospathodus celloni (Walliser, 1964); Aldridge and Mohamed, pl. 2, fig. 7.
71983  Carniodus carnulus Walliser, 1964; Uyeno and Barnes, p. 16, pl. 5, figs 1-10 (figs 2-3 [= cop.
Uyeno and Barnes 1981, pl. 1, figs 18-19]).
p? 1983 Pterospathodus celloni (Walliser, 1964); Uyeno and Barnes, p. 24, pl. 5, figs 17-18, 20-24 (non
fig. 18 [indet.]; figs 20-22 [ = cop. Uyeno and Barnes 1981, pl. 1, figs 20-21]).
p 1983 Ozarkodina polinclinata (Nicoll and Rexroad, 1968); Uyeno and Barnes, p. 22, pl. 5, fig. 19 (non
figs 11-16 [= O. polinclinatal).
1983  Pterospathodus pennatus procerus (Walliser, 1964); Uyeno and Barnes, p. 24, pl. 8, figs 1-3 [fig.
1 [= cop. Uyeno and Barnes 1981, pl. 1, fig. 23]).
71985  Pterospathodus pennatus pennatus (Walliser, 1964); Aldridge, p. 80, pl. 3.1, fig. 27.
1987  Pterospathodus celloni (Walliser, 1964); An, p. 202, pl. 33, figs 8-10.
1987  Neoprioniodus triangularis paucidentarus Walliser, 1964: An, pl. 35, figs 21-22.
1987 Pterospathodus pennatus (Walliser, 1964); Dumoulin and Harris, fig. 4N.
7 1988  Pterospathodus pennatus procerus (Walliser, 1964); Qiu, pl. 1, figs 5-7 [cop. Qiu 1985, pl. 1, figs
S, 8-9).
v. 1989  Pterospathodus, angulatus-morph Mannik and Aldridge, text-fig. 3B.
v. 1989  Pterospathodus, pennatus-morph Minnik and Aldridge, text-fig. 3C.

TEXT-FIG. 6. Prerospathodus eopennatus ssp. nov. 2; Apsidognathus tuberculatus ssp. nov. 2 Subzone. A-D, Pa
element, morph la. E-F, 1K, Pa element, morph 1b. G-1, M—N, T, Pa element, morph 2a. L, 0-P, U, Pa element,
morph 4. @-Rr, w, Pb, element. s, z—¢', Pb, element. v, x-v, H!, Pc element. F'-G*, M, element. L'-N?, Sc,
element. I'-x', Sc, element. o', u'-v!, Sc, element. P!, Sb, element. Q'-R', Sb, element. s'-1', carniciform
element. w', Sa element. x'-z', carnuliform element, morph a. A%>-82, carnuliform element, morph b(?). c*-p2,
modified carnuliform element. E*-F*, curved element, morph a. Scale bar represents 1 mm.
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v. 1998 Pterospathodus cf. amorphognathoides angulatus (Walliser, 1964); Minnik and Malkowski, pl. 1,
figs 20-22.

Material. Several hundred of each of the P, M, Sc and carnuliform elements; tens to hundreds of Sb, Sa and
carniciform elements.

Diagnosis. P. amorphognathoides with elements without platform. Pa element long, with pennate
inner lateral process and lower denticles in the middle part of the blade.

Remarks. Pa element of P. a. angulatus 1s similar to the morphs la and 1b of the Pa element of P.
eopennatus ssp. nov. 2 (Pl 2, figs 34-35; Text-fig. 6A-F, J-K) but differs by having a very long blade
with at least 20, usually even more denticles on mature specimens. The Pa element of P. a. angulatus
1s represented by two morphs, one of them with tall denticles (P1. 2, figs 1, 3-4, 9; Text-figs 7A-B, D,
8B—C, F-H) and the other with short denticles (Pl. 2, fig. 12; Text-figs 7c, G, K, 84). The ends of
lateral processes on Sb elements lack bifurcation.

In the lower part of the range of P. a. angulatus morphs 2 and 3 of the Pa, but also extremely rare
specimens of the Pb, and the carniciform elements typical of P. eopennatus ssp. nov. 2 occur
occasionally.

P. a. angulatus is the oldest representative of the P. amorphognathoides lineage and was
evolutionarily followed by P. amorphognathoides lennarti ssp. nov.

EXPLANATION OF PLATE 2

Figs 1-22, 24-31. Pterospathodus amorphognathoides angulatus (Walliser, 1964). 1, Cn 7907; inner lateral view
of dextral Pa element, morph a. 2, Cn 7908; outer lateral view of dextral Pb, element. 3, Cn 7909; inner
lateral view of sinistral Pa element, morph a. 4, Cn 7910; upper view of dextral Pa element, morph a. 5, Cn
7911; outer lateral view of sinistral Pb, element. 6, Cn 7912; outer lateral view of sinistral Pb, element. 7,
Cn 7913 outer lateral view of sinistral Pc element. 8, Cn 7914; outer lateral view of sinistral Pb, element.
9, Cn 7915; inner lateral view of sinistral Pa element, morph a. 10, Cn 7916; outer lateral view of dextral Pb,
element. 11, Cn 7917; outer lateral view of dextral Pb, element. 12, Cn 7918; inner lateral view of sinistral
Pa element, morph b. 13, Cn 7919 outer lateral view of sinistral carnuliform element, morph a. 14, Cn 7920;
outer lateral view of sinistral carnuliform element, morph a(?). 15, Cn 7921 ; outer lateral view of sinistral
modified carnuliform element. 16, Cn 7922; inner lateral view of sinistral Sc, element. 17, Cn 7923; inner
lateral view of sinistral Sc, element. 18, Cn 7924 inner lateral view of dextral M, element. 19, Cn 7925; inner
lateral view of sinistral M, element. 20, Cn 7926; inner lateral view of sinistral Sc, element. 21, Cn 7927,
inner lateral view of dextral Sb, element. 22, Cn 7928 ; inner lateral view of dextral Sc, element. 24, Cn 7929 ;
inner lateral view of dextral carniciform element. 25, Cn 7930 outer lateral view of sinistral curved element,
morph a. 26, Cn 7931 ; outer lateral view of sinistral curved element, morph b. 27, Cn 7932; posterior view
of dextral Sb, element. 28, Cn 7933; posterior view of dextral Sb, element. 29, Cn 7934 lateral view of Sa
element. 30, Cn 7935; outer lateral view of dextral Sb, element. 31, Cn 7936; posterior view of Sa element.
Figs 1,3-4,6-7,9, 11, 15 and 24 from Nurme core, sample M-1051, int. 12:70-12-85 m; figs 2, 5 and 10 from
Uulu-330 core, sample M-1298, int. 139-84-139-92 m; figs 8 and 12 from Nurme core, sample M-1050, int.
13-30-13-40 m; figs 13-14, 16-22 and 25-31 from Velise-K orgekalda section, sample VE-2.

Figs 23, 32-41. Pterospathodus eopennatus ssp. nov. 2. 23, Cn 7937; inner lateral view of dextral Pa element,
morph 2a. 32, Cn 7938; inner lateral view of sinistral Pa element, morph 2a. 33, Cn 7939; upper view of
dextral Pa element, morph 4. 34, Cn 7940 ; inner lateral view of dextral Pa element, morph la. 35, Cn 7941 ;
inner lateral view of sinistral Pa element, morph la. 36, Cn 7942; inner lateral view of dextral Pa element,
morph 2a. 37, Cn 7943; inner lateral view of sinistral Pa element, morph 2a. 38, Cn 7944 ; upper view of
dextral Pa element, morph 4(?). 39, Cn 7945; inner lateral view of sinistral Pa element, morph 2a. 40, Cn
7946; inner lateral view of dextral Pa element, morph la. 41, Cn 7947; inner lateral view of dextral Pa
element, morph 4. Figs 23, 34-35 and 37-38 from Nurme core, sample M-907, int. 17-50-17-60 m; figs 32
and 36 from Viki core, sample M-11, int. 175:60-175-80 m; figs 33, 39 and 41 from Nurme core, sample M-
900, int. 22:65-22:80 m; fig. 40 from Viki core, sample M-8, int. 168:60-168-80 m.

All x 50.
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TEXT-FIG. 7. Pterospathodus amorphognathoides angulatus (Walliser, 1964); Apsidognathus tuberculatus ssp.
nov. 3 Subzone. A-B, D, Pa element, morph a. ¢, G, K, Pa element, morph b. -1, Q, Pa element, morph 3. E-F,
J, P, Pb, element. L-0, R-U, Pb, element. v—w, Pc element. X-Y, Sc, element. z, A', M, element. B'-D’, Sc,



MANNIK: SILURIAN CONODONTS 1019

Occurrence. A. tuberculatus ssp. nov. 3 and P. a. angulatus subzones. P. a. angulatus can be recognized world-
wide (see synonymy).

Pterospathodus amorphognathoides lennarti ssp. nov.
Plate 3, figures 21-46; Text-figure 9

p. 1972 Pterospathodus amorphognathoides Walliser, 1964; Aldridge, p. 208, pl. 3, fig. 18 (non figs 17, 19
[= P. a. amorphognathoides)).
71972  Neoprioniodus costatus costatus Walliser, 1964 ; Aldridge, p. 193, pl. 5, fig. 22.
21972  O:zarkodina gaertneri Walliser, 1964 ; Aldridge, p. 200, pl. 5, fig. 7.
1985  Pterospathodus pennatus subsp. nov. Aldridge, p. 81, pl. 3.1, fig. 28.
v. 1986  P. celloni (Walliser); Nakrem, fig. 6a.
vp. 1986  Carniodus carnulus Walliser, 1964; Nakrem, fig. 6/ (non fig. 7c, f[= P. a. lithuanicus)).

Derivation of name. In honour of Dr Lennart Jeppsson, an expert on Silurian conodonts.

Material. Several hundred to a thousand carnuliform elements: several hundred P, M, Sc, carniciform and
curved elements; many tens to hundreds of Sb and Sa elements.

Holotype. Dextral Pa element Cn 7968, Pahapilli core, sample M-1520, int. 47-30-47-20 m (Velise Formation,
northern Saaremaa, Estonia); Plate 3, figure 21.

Type horizon and locality. Middle part of the Velise Formation, Adavere Regional Stage; Pahapilli core,
interval 46-:60-50-30 m.

Diagnosis. P. amorphognathoides with elements without platform. The first denticle on the
bifurcated lateral process of the Pa element is situated away from the main row of denticles and is
connected with the last one by a narrow high ridge.

Remarks. The most characteristic feature separating the Pa element of P. amorphognathoides
lennarti ssp. nov. from that of younger subspecies (e.g. P. a. lithuanicus; Pl. 4, figs 29-32, 34-35;
Text-fig. 10A-B, D-E) is the deep groove between the main row of denticles and the first one on the
inner lateral process (Text-fig. 9a, D—E). As a rule, that denticle is connected with the main row by
a narrow high ridge (PI. 3, figs 21-22, 25, 27; Text-fig. 9A, p—E). The configuration (the direction of
the branches) of the lateral process is highly variable. The distal part of the posterior branch is
usually turned parallel to the anterior one (PI. 3, fig. 27).

The Pa element of P. amorphognathoides lennarti ssp. nov. is represented by two morphs. Morph
1 has tall denticles and a relatively low base (Text-fig. 9A, ¢, G) whereas morph 2 is characterized
by short denticles and a higher base (Text-fig. 9g). The denticulation of morph 1 tends to be more
irregular and includes overgrown denticles (Text-fig. 9G). A sub-triangular outer lateral lobe/short
process 1s also characteristic, better developed on the sinistral element.

P. amorphognathoides lennarti ssp. nov. is a direct descendant of P. a. angulatus. These two taxa
differ mainly in the lack (or extremely rare occurrence) of bifurcation on the inner lateral process
in P. a. angulatus and in the development of an outer lateral lobe on the Pa elements of P. a. lennarti
ssp. nov. The apparatus of P. a. lennarti ssp. nov. differs from earlier taxa in the presence of short

element. E'-F', Sc, element. G'-1', T', carniciform element. J', Sb, element. k', Sb, element. L', curved element,
morph a. M, curved element, morph b. N!, modified carnuliform element. 0'-s', carnuliform element, morph a.
Scale bar represents 1 mm.
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and modified short morphs of the carnuliform element (Pl. 3, figs 24, 33; Text-fig. 9v—w, L'-M",
vi-wh).

Occurrence. The P. amorphognathoides lennarti Subzone. On Gotland P. a. lennarti ssp. nov. has been found
in loose pebbles from Sjilsé (collection of L. Jeppsson — sample G88-637LJ). P. a. lennarti ssp. nov. has also
been found in Carnic Alps (Seewarte section — collection of H. P. Schonlaub, sample 195/1-2, and probably
in the Cellon section — collection of O. H. Walliser, one fragment in sample 10 H/J), in Great Britain (Aldridge
1972, pl. 3, fig. 18, Ticklerton 2 section: 1985, pl. 3.1, fig. 28, loc. 23 — uppermost Purple Shales of small stream
850 m south-west of Ticklerton, Shropshire) and Norway (Nakrem 1986, fig. 6a, Malmeyakalven section, Vik
Fm., 42:5m).

Pterospathodus amorphognathoides lithuanicus Brazauskas, 1983 sensu novo
Plate 3, figures 1-20, Plate 4, figures 21, 28-35; Text-figure 10

v.* 1983  Pterospathodus amorphognathoides lithuanicus Brazauskas, p. 60, figs 1-7.
v. 1986  Pterospathodus amorphognathoides Walliser, 1964 ; Nakrem, fig. 6b—d, e(?), f-g, 1.
v.? 1986  Pterospathodus pennatus pennatus (Walliser, 1964); Nakrem, fig. 6A.

Material. Several hundreds to a thousand of each of the Pa, Pb and carnuliform elements; many hundreds of
the Pc, M, S, carniciform and curved elements.

Emended diagnosis. P. amorphognathoides without basal platform. The first denticle on the
bifurcated inner lateral process is situated close to the main row of denticles.

Remarks. Brazauskas (1983) described only the Pa element of the apparatus. Here P. a. lithuanicus
1s considered to include the complete set of elements of the Prerospathodus apparatus.
Morphologically the most distinct element in this apparatus 1s the Pa element (P1. 4, figs 21, 29-32,
34, 45; Text-fig. 10a-B, D-E). The Pb, (Pl. 3, figs 15, 17; Text-fig. 10c, F, 0, u) and Pb, (PL 3, fig. 1;
Pl. 4, fig. 28 ; Text-fig. 10G—L, P) elements can also be quite easily separated from those of the older
subspecies, as they possess a weak lateral basal thickening lacking on the corresponding elements
of P. a. lennarti ssp. nov.

As a rule, the sinistral Pa element (Pl. 4, figs 31-32; Text-fig. 10B, E) possesses a distinct rounded
or triangular lateral lobe on the outer side of the element. This structure is almost absent on the
dextral element (Pl. 4, figs 29-30; Text-fig. 10A, D). In the apparatus of P. a. lithuanicus a new
modification of curved element, morph ¢, appears (Pl. 3, fig. 16; Text-fig. 10y'-2").

Occurrence. In the P. a. lithuanicus Subzone. Outside the Baltic (Estonia, Lithuania) P. a. fithuanicus has so far
been illustrated only from Norway (Nakrem 1986, fig. 6d.e(?),g—i, Malmeyakalven section, Vik Fm.).
However, it 1s most probable, that after revision of collections from other regions of the world this taxon will
be recognized to have a much wider distribution.

Pterospathodus amorphognathoides amorphognathoides Walliser, 1964
Plate 4, figures 1-20, 22-27; Plate 5; Text-figures 11-15

v.* 1964  Pterospathodus amorphognathoides Walliser, p. 67, pl. 15, figs 9-15.
v. 1964  O:zarkodina gaertneri Walliser, p. 57, pl. 27, figs 12-19.
v. 1964 ?Carniodus carinthiacus Walliser, p. 31, pl. 27, figs 20-26.
v. 1964  Carniodus carnulus Walliser, p. 32, pl. 27, figs 27-38; pl. 28, fig. 1.

element, morph b. E'-H', Sc, element. 1'-J', curved element, morph a. k', curved element, morph b. L'-Mm",
carniciform element. N', modified carnuliform element. 0'-1', carnuliform element, morph a. Scale bar
represents 1 mm.
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v. 1964  Carniodus carnus Walliser, p. 34, pl. 28, figs 2-7.
v. 1964  Carniodus carnicus Walliser, p. 32, pl. 28, figs. 8-11.
vp. 1964 Neoprioniodus subcarnus Walliser, p. 51, pl. 28, figs 13-18 (non fig. 12 [= P. celloni]).

v. 1964  Neoprioniodus triangularis triangularis Walliser, p. 52, pl. 28, figs 25-30.

v. 1964  Neoprioniodus costatus costatus Walliser, p. 48, pl. 28, figs 36-41.

v. 1964  Roundya latialata Walliser, p. 71, pl. 31, figs 11-14.
1966  O:zarkodina gaertneri Walliser, 1964 ; Spasov and Filipovic, p. 44, pl. 1, figs 1-2.
1966  Carniodus carinthiacus Walliser, 1964 ; Spasov and Filipovi¢, p. 38, pl. 1, fig. 3.
1966  Pterospathodus amorphognathoides Walliser, 1964 ; Spasov and Filipovic, p. 48, pl. 1, figs 4-5.
1966  Neoprioniodus subcarnus Walliser, 1964; Spasov and Filipovic, p. 42, pl. 1, figs 8-9.
1966  Neoprioniodus costatus costatus Walliser, 1964 ; Spasov and Filipovi¢, p. 42, pl. 1, figs 10-11.
1966  Carniodus carnus Walliser, 1964; Sapsov and Filipovi¢, p. 40, pl. 1, figs 12-13.
1966  Roundya brevialata Walliser, 1964; Spasov and Filipovic, p. 49, pl. 1, fig. 14.
1966  Carniodus carnulus Walliser, 1964 ; Spasov and Filipovié, p. 39, pl. 1, fig. 15.
1966  Carniodus carnicus Walliser, 1964; Spasov and Filipovi¢, p. 38, pl. 1, fig. 16.

EXPLANATION OF PLATE 3

Figs 1-20. Pterospathodus amorphognathoides lithuanicus Brazauskas, 1983. 1, Cn 7948 ; outer lateral view of
dextral Pb, element. 2, Cn 7949; outer lateral view of sinistral Sb, element. 3, Cn 7950; inner lateral view
of dextral Sc, element. 4, Cn 7951 ; inner lateral view of sinistral Sc, element. 5, Cn 7952; outer lateral view
of sinistral curved element, morph a. 6, Cn 7953; inner(?) lateral view of dextral(?) modified carnuliform
element, short morph. 7, Cn 7954; outer lateral view of sinistral curved element, morph b. 8, Cn 7955;
posterior view of dextral Sb, element. 9, Cn 7956 inner lateral view of sinistral M, element. 10, Cn 7957;
inner lateral view of dextral Sc, element. 11, Cn 7958 posterior view of sinistral Sb, element. 12, Cn 7959;
inner lateral view of dextral Sc, element. 13, Cn 7960 posterior view of sinistral Sb, element. 14, Cn 7961 ;
outer lateral view of sinistral Pc element. 15, Cn 7962 ; outer lateral view of dextral Pb, element. 16, Cn 7963
outer lateral view of dextral curved element, morph ¢. 17, Cn 7964 outer lateral view of dextral Pb, element.
18, Cn 7965; inner lateral view of sinistral Sc¢, element. 19, Cn 7966 outer lateral view of dextral carnuliform
element, short morph. 20, Cn 7967; inner lateral view of dextral carniciform element. Figs 1, 5-8, 10, 13 and
18-20 from Viki core, sample M-976, int. 149-95-150-08 m; figs 2 and 11 from Viki core, sample M-362, int.
151:87-152-:00 m; figs 3—4, 9 and 14-15 from Viki core, sample M-979, int. 148-75-148-85 m; fig. 12 from Viki
core, sample M-972, int. 151-25-151-40 m; fig. 16 from Viki core, sample M-971, int. 151-:54-151-64 m fig.
17 from Viki core, sample M-367, int. 146:70-146-80 m.

Figs 21-46. Pterospathodus amorphognathoides lennarti ssp. nov. 21, Cn 7968 ; upper view of dextral Pa
element. 22, Cn 7969 ; upper view of sinistral Pa element. 23, Cn 7970; outer lateral view of dextral curved
element, morph b. 24, Cn 7971 ; inner lateral view of sinistral modified carnuliform element, short morph.
25, Cn 7972; upper view of dextral Pa element. 26, Cn 7973; outer lateral view of sinistral Pb, element. 27,
Cn 7974; upper view of dextral Pa element. 28, Cn 7975; inner lateral view of dextral Sc, element. 29, Cn
7976 outer lateral view of sinistral Pc element. 30, Cn 7977; inner lateral view of sinistral Sc, element. 31,
Cn 7978 ; inner lateral view of dextral M, element. 32, Cn 7979 inner lateral view of dextral Sc, element. 33,
Cn 7980 ; outer(?) lateral view of dextral(?) modified carnuliform element, short morph. 34, Cn 7981 ; outer
lateral view of dextral Sb, element. 35, Cn 7982 outer lateral view of dextral Pb, element. 36, Cn 7983 ; outer
lateral view of sinistral Pb, element. 37, Cn 7984 inner lateral view of sinistral Sc, element. 38, Cn 7985;
inner lateral view of sinistral Sc, element. 39, Cn 7986; inner lateral view of sinistral M, element. 40, Cn
8080 outer lateral view of sinistral curved element, morph a. 41, Cn 7987; posterior view of Sa element. 42,
Cn 7988; outer lateral view of dextral Pb, element. 43, Cn 7989; inner lateral view of dextral Sc, element.
44, Cn 7990; posterior view of dextral Sb, element. 45, Cn 7991 ; lateral view of symmetrical(?) carnuliform
element, morph b. 46, Cn 7992 outer lateral view of dextral modified carnuliform element. Fig. 21 from
Pahapilli core, sample M-1520, int. 47-20-47-30 m; figs 22-25, 33, 35, 42-43 and 45-46 from Viki core,
sample M-966, int. 153-88-154-05 m; figs 26-27 from Uulu-330 core, sample M-1070, int. 137-70-137-85 m;
figs 28, 34, 40-41 and 44 from Uulu-330 core, sample M-1301, int. 138-05-138-15 m; figs 29-31 and 39 from
Viki core, sample M-967, int. 153:60-153-72 m, figs 32 and 37-38 from Viki core, sample M-360, int.
153:35-153-50 m; fig. 36 from Viki core, sample M-968, int. 153:05-153-20 m.

All x 50.
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O:zarkodina gaertneri Walliser, 1964; Igo and Koike, p. 14, pl. 1, figs 5-6 (non figs 7-9 [= P.
pennatus procerus)).
Pterospathodus amorphognathoides Walliser, 1964 ; Igo and Koike, p. 16, pl. 2, figs 12-13.
Carniodus sp. A Igo and Koike, p. 8, pl. 3, fig. 3 (non fig. 2 [= P. p. procerus?)).
Neoprioniodus spp. Igo and Koike, p. 14, pl. 3, fig. 4 (non fig. 24 [= P. p. procerus?)).
O:zarkodina gaertneri Walliser, 1964; Nicoll and Rexroad, p. 49, pl. 2, figs 12-14.
O:zarkodina neogaertneri Nicoll and Rexroad, p. 50, pl. 2, figs 15-16.
Prerospathodus amorphognathoides Walliser, 1964 ; Nicoll and Rexroad, p. 56, pl. 3, figs 1-5, 62,
p il
Carniodus carinthiacus Walliser, 1964 ; Nicoll and Rexroad, p. 24, pl. 5, figs 1-2.
Carniodus carnicus Walliser, 1964 ; Nicoll and Rexroad, p. 25, pl. 5, fig. 3.
Carniodus carnulus Walliser, 1964 ; Nicoll and Rexroad, p. 25, pl. 5, figs 4-5.
Carniodus carnus Walliser, 1964 ; Nicoll and Rexroad, p. 26, pl. 5, figs 6, 8 (non fig. 7 [indet.]).
Neoprioniodus subcarnus Walliser, 1964 ; Nicoll and Rexroad, p. 41, pl. 5, fig. 10.
Neoprioniodus costatus Walliser, 1964 ; Nicoll and Rexroad, p. 40, pl. 5, figs 15-16.
Neoprioniodus triangularis Walliser, 1964; Nicoll and Rexroad, p. 42, pl. §, fig. 17.
Carniodus carnulus Walliser, 1964 ; Schonlaub, pl. 1, fig. S.
Pterospathodus amorphognathoides Walliser, 1964; Schonlaub, pl. 1, fig. 8.
?Carniodus carinthiacus Walliser, 1964 ; Schonlaub, pl. 1, fig. 12.
O:zarkodina gaertneri Walliser, 1964 ; Schonlaub, pl. 1, fig. 15.
Pterospathodus amorphognathoides Walliser, 1964 ; Drygant, p. 49, pl., fig. 6.
Carniodus? carinthiacus Walliser, 1964; Drygant, p. 54, pl.. fig. 5.
Neoprioniodus subcarnus Walliser, 1964; Drygant, p. 53, pl., figs 12-14.
Pterospathodus amorphognathoides Walliser, 1964 ; Manara and Vai, p. 494, pl. 62, fig. 15.
O:zarkodina gaertneri Walliser, 1964, Manara and Vai, p. 487, pl. 62, fig. 17.
Pterospathodus amorphognathoides Walliser, 1964; Schénlaub, p. 45, pl. 2, figs 6-12.
Carniodus carinthiacus Walliser, 1964; Schonlaub, p. 46, pl. 3, figs 7-8 (non fig. 6 [= P.
eopennatus)).
Neoprioniodus subcarnus Walliser, 1964 ; Rexroad and Nicoll, pl. 1, fig. 11.
Pterospathodus amorphognathoides Walliser, 1964 ; Rexroad and Nicoll, pl. 2, figs 20-21.
O:zarkodina gaertneri Walliser, 1964 ; Rexroad and Nicoll, pl. 2, fig. 22.

zarkodina neogaertneri Nicoll and Rexroad, 1968 ; Rexroad and Nicoll, pl. 2, fig. 23.
O:zarkodina gaertneri Walliser, 1964; Rexroad and Nicoll, pl. 1, figs 1-3.
Pterospathodus amorphognathoides Walliser, 1964; Rexroad and Nicoll, pl. 1, figs 4-7.
Carniodus carnulus Walliser, 1964 ; Rexroad and Nicoll, pl. 1, figs §8-11.
Carniodus carnus Walliser, 1964 ; Rexroad and Nicoll, pl. 1, figs 12-13.
Carniodus carinthiacus Walliser, 1964 ; Rexroad and Nicoll, pl. 2, figs 1-3.
Carniodus carnicus Walliser, 1964; Rexroad and Nicoll, pl. 2, figs 4, 57.
Neoprioniodus subcarnus Walliser, 1964; Rexroad and Nicoll, pl. 2, figs 6-7.
Neoprioniodus costatus Walliser, 1964 ; Rexroad and Nicoll, pl. 2, figs 8-11.
Neoprioniodus triangularis Walliser, 1964; Rexroad and Nicoll, pl. 2, figs 12-13.
Exochognathus brevialatus (Walliser, 1964); Rexroad and Nicoll, pl. 2, figs 217, 22.
Ozarkodina neogaertneri Nicoll and Rexroad, 1968 ; Rexroad and Nicoll, pl. 2, fig. 34,
O:zarkodina gaertneri Walliser, 1964; Aldridge, p. 200, pl. 5, fig. 5 (non fig. 7 [= P.
amorphognathoides lennarti ssp. nov or P. a. lithuanicus)).
Carniodus carinthiacus Walliser, 1964 ; Aldridge, p. 168, pl. 5. figs 8-10.
Carniodus carnicus Walliser, 1964; Aldridge, p. 168, pl. 5, fig. 11.
Carniodus carnulus Walliser, 1964, Aldridge, p. 169, pl. 5, figs 12-14.
Carniodus carnus Walliser, 1964 ; Aldridge, p. 169, pl. 5, figs 15-16.

TEXT-FIG. 9. Pterospathodus amorphognathoides lennarti ssp. nov. A, ¢-D, G?, Pa element, morph a. E, Pa
element, morph b. B, F, Pb, element. H-L, Pb, element. N—0, Pc element. P—Q, M, element. rR—T, X, Sc, element.

U, Sc, element. v—w, modified carnuliform element, short morph. v, G', Sc, element. z, Sa element. A', Sb,

element. B'—C', curved element, morph a. p', curved element, morph b. E'-F', 'K, carniciform element. H'-1",
modified carnuliform element. L'-M', vi~w!, carnuliform element, short morph. N*~U*, carnuliform element,

morph a. Scale bar represents 1 mm.
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1972 Neoprioniodus subcarnus Walliser, 1964; Aldridge, p. 195, pl. 5, fig. 17.
p. 1972 Pterospathodus amorphognathoides Walliser, 1964 ; Aldridge, pl. 3, figs 17, 19 (non fig. 18 [= P.

a. lennarti ssp. nov.]).

1974 Pterospathodus amorphognathoides Walliser, 1964 Aldridge, fig. 1 E-F.

1975 Pterospathodus amorphognathoides Walliser, 1964; Aldridge, pl. 1, figs 22-23.

1975 Carniodus carnulus Walliser, 1964; Aldridge, pl. 1, figs 34, 8-9.

1975 Exochognathus latialatus (Walliser, 1964); Aldridge, pl. 3, fig. 15.

1975 Neoprioniodus costatus costatus Walliser, 1964; Aldridge, pl. 3, fig. 17.

1975 Distomodus triangularis (Walliser, 1964); Aldridge, pl. 3, fig. 19.

1975 Pterospathodus amorphognathoides Walliser, 1964 Saladzius, pl. 2, figs 7, 8(?).

1975 Carniodus carinthiacus Walliser, 1964 Saladzius, pl. 1, fig. 5.

1975 Neoprioniodus costarus Walliser, 1964 ; Saladzius, pl. 1, fig. 9.

1975 Neoprioniodus subcarnus Walliser, 1964 ; Saladzius, pl. 1, fig. 11.

1975  Neoprioniodus triangularis Walliser, 1964 ; Saladzius, pl. 1, fig. 12.

1975 Neoprioniodus triangularis triangularis Walliser, 1964 ; Saladzius, pl. 1, fig. 13.

1976 Carniodus carnulus Walliser, 1964 ; Barrick and Klapper, p. 68, pl. 1, figs 1-2, 6-8, 12-14.

1976 Pterospathodus amorphognathoides Walliser, 1964 ; Barrick and Klapper, p. 82, pl. 1, figs 4, 9-11,
16.

1976 Pterospathodus amorphognathoides Walliser, 1964 ; Kuwano, pl. 2, fig. 2.

1976 Pterospathodus amorphognathoides Walliser, 1964; Miller, fig. 822.

1976  O:zarkodina gaertneri Walliser, 1964 ; Miller, fig. 820.

1977 Pterospathodus amorphognathoides Walliser, 1964; Cooper, p. 1065, pl. 2, figs 3, 6.

1977 Neoprioniodus subcarnus Walliser, 1964 ; Liebe and Rexroad, pl. 1, fig. 1.

EXPLANATION OF PLATE 4

Figs 1-4. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964; Population 2. 1, Cn 7993;
upper view of dextral Pa element. 2, Cn 7994 ; upper view of sinistral Pa element. 3, Cn 7995 outer lateral
view of sinistral Pb, element. 4, Cn 7996; outer lateral view of dextral Pb, element. Figs 1 and 3-4 from Viki
core, sample M-375, int. 137-95-138-10 m; fig. 2 from Viki core, sample M-374, int. 138:95-139:10 m.

Figs 5-20, 22-27. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964 ; Population 1. 5, Cn
7997; outer lateral view of dextral Pb, element. 6, Cn 7998 ; upper view of dextral Pa element. 7, Cn 7999
outer lateral view of dextral Pb, element. 8, Cn 8000; upper view of sinistral Pa element. 9, Cn 8001 ; outer
lateral view of dextral Pb, element. 10, Cn 8002; outer lateral view of sinistral Pb, element. 11, Cn 8003;
outer lateral view of dextral Pb, element. 12, Cn 8004; outer lateral view of dextral Pa element. 13, Cn 8005;
outer lateral view of dextral carnuliform element, short morph. 14, Cn 8006; outer lateral view of sinistral
curved element, morph a. 15, Cn 8007; inner lateral view of sinistral Sc, element. 16, Cn 8008 ; inner lateral
view of sinistral Sc, element. 17, Cn 8009 ; inner lateral view of dextral Sc, element. 18, Cn 8010; inner lateral
view of sinistral Sc, element. 19, Cn 8011; lateral view of Sa element. 20, Cn 8012; inner lateral view of
dextral carniciform element. 22, Cn 8013 outer lateral view of sinistral curved element, morph b. 23, Cn
8014 outer lateral view of dextral carnuliform element, morph a. 24, Cn 8015; inner lateral view of dextral
M, element. 25, Cn 8016; posterior view of dextral Sb, element. 26, Cn 8017; outer lateral view of dextral
Pc element. 27, Cn 8018 ; posterior view of dextral Sb, element. Figs 5-6 and 8-10 from Viki core, sample
M-367, int. 146:70-146:80 m; figs 7, 11-17, 19-20 and 22-27 from Viki core, sample M-368, int. 145-40-
145-55 m; fig. 18 from Viki core, sample M-369, int. 144:45-144-50 m.

Figs 21, 28-35. Pterospathodus amorphognathoides lithuanicus Brazauskas, 1983. 21, Cn 8019; inner lateral
view of dextral Pa element. 28, Cn 8020; outer lateral view of sinistral Pb, element. 29, Cn 8021 ; upper view
of dextral Pa element. 30, LO 7736t ; upper view of dextral Pa element. 31, LO 7737t; upper view of sinistral
Pa element, juvenile specimen. 32, Cn 8022; upper view of sinistral Pa element. 33, Cn 8023; outer lateral
view of sinistral carnuliform element, morph a(?). 34, Cn 8024 ; outer lateral view of dextral Pa element. 35,
Cn 8025; outer lateral view of sinistral Pa element. Figs 21 and 34-35 from Viki core, sample M-979, int.
148:75-148-85 m; figs 28 and 33 from Viki core, sample M-976, int. 149-95-150-08 m; figs 29 and 32 from
Uulu-330 core, sample M-1302, int. 137-44-137-50 m; figs 30-31 from Sjadlso section (Gotland), sample G88-
637L1J.

All x 50.
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TEXT-FIG. 10. For caption see opposite.
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Carniodus carinthiacus Walliser, 1964; Liebe and Rexroad, pl. 1, fig. 2.

Carniodus carnulus Walliser, 1964; Liebe and Rexroad, pl. 1, fig. 3.

Carniodus carnicus Walliser, 1964 ; Liebe and Rexroad, pl. 1, fig. 4.

Pterospathodus amorphognathoides Walliser, 1964 ; Liebe and Rexroad, pl. 1, fig. 9.
O:zarkodina gaertmeri Walliser, 1964; Liebe and Rexroad, pl. 1, fig. 10.

Exochognathus latialatus (Walliser, 1964); Liebe and Rexroad, pl. 1, fig. 16.

Distomodus triangularis (Walliser, 1964); Liebe and Rexroad, pl. 2, fig. 29.

Neoprioniodus costatus Walliser, 1964; Liebe and Rexroad, pl. 2, figs 30-31.

Exochognathus brevialatus (Walliser, 1964); Liebe and Rexroad, pl. 2, fig. 38.

Neoprioniodus costatus costatus Walliser, 1964 ; Miller, pl. 2, figs 10-11.

Apparatus * C° Walliser, 1964; Miller, pl. 4, figs §8-11.

Carniodus carnulus Walliser, 1964 ; Helfrich, pl. 1, figs 1-6.

Pterospathodus amorphognathoides Walliser, 1964 Helfrich, pl. 2, figs 17-19.

Pterospathodus celloni (Walliser, 1964); Helfrich, pl. 2, fig. 30.

Pterospathodus amorphognathoides Walliser, 1964 ; Nowlan, pl. 7, fig. 6.

Pterospathodus amorphognathoides Walliser, 1964; Uyeno and Barnes, pl. 1, fig. 24.
Pterospathodus amorphognathoides Walliser, 1964; Aldridge and Mohamed, pl. 2, figs 13-16.
Carniodus carnulus Walliser, 1964 ; Aldridge and Mohamed, pl. 2, figs 17-24.

Carniodus carnulus Walliser, 1964; Mabillard and Aldridge, pl. 2, figs 13-14.

Pterospathodus amorphognathoides Walliser, 1964 ; Mabillard and Aldridge, pl. 2, figs 25-27.
Pterospathodus amorphognathoides Walliser, 1964; Nowlan, fig. 4K [cop. Nowlan 1981, pl. 7,
fig. 6].

Pterospathodus amorphognathoides Walliser, 1964; Uyeno and Barnes, p. 24, pl. 8, fig. 24 [cop.
Uyeno and Barnes 1981, pl. 1, fig. 24].

Pterospathodus amorphognathoides Walliser, 1964 ; Barrick, fig. 18M.

Carniodus? carinthiacus Walliser, 1964 ; Drygant, p. 83, pl. 3, figs 8-11.

Neoprioniodus subcarnus Walliser, 1964; Drygant, p. 84, pl. 3, figs 14-17.

Pterospathodus amorphognathoides Walliser, 1964 Drygant, p. 109, pl. 7, figs 13-16.
O:zarkodina gaertneri Walliser, 1964; Drygant, p. 110, pl. 7, figs 22-27.

Carniodus carnicus Walliser, 1964 ; Drygant, p. 82, pl. 3, figs 12-13.

Pterospathodus amorphognathoides Walliser, 1964 ; Nehring-Lefeld, p. 635, pl. 1, figs 3-8.
Carniodus carnulus Walliser, 1964 ; KlefTner, pl. 2, figs 26-28.

Pterospathodus amorphognathoides Walliser, 1964 ; Kleffner, pl. 1, fig. 3; pl. 2, figs 29-31.
Carniodus carnulus Walliser, 1964 ; Nehring-Lefeld, p. 632, pl. 2, figs 1-10.

Pterospathodus amorphognathoides Walliser, 1964; Yu, p. 24, pl. 2, fig. 9.

Pterospathodus amorphognathoides Walliser, 1964 ; Jiang et al., pl. 4, figs 1-2.

Pterospathodus amorphognathoides Walliser, 1964 ; Over and Chatterton, pl. 4, figs 1-2 (non fig.
3 [= P. rhodesi?).

Carniodus carnulus Walliser, 1964 ; Kleffner, fig. 5/-7.

Pterospathodus amorphognathoides Walliser, 1964 ; Klefiner, fig. 58-9, /1.

Pterospathodus pennatus procerus (Walliser, 1964); Kleffner, fig. 510.

Pterospathodus amorphognathoides Walliser, 1964; An, p. 201, pl. 33, figs 1-3.

Pterospathodus pennatus procerus (Walliser, 1964); An, p. 202, pl. 33, figs 4, 7 (non figs 5-6 [=
P. p. procerus)).

Exochognathus brassfieldensis (Branson and Branson, 1947); An, pl. 35, fig. 18 (non fig. 17
[indet.]).

Pterospathodus amorphognathoides Walliser, 1964 ; Qiu, pl. 1, fig. 8 [cop. Qiu 1985, pl. 1, fig. 3].
Prerospathodus amorphognathoides Walliser, 1964; Miannik and Aldridge, text-fig. 1G-L.
Pterospathodus amorphognathoides Walliser, 1964; Minnik and Aldridge, text-fig. 3D-E.

TEXT-FIG. 10. Pterospathodus amorphognathoides lithuanicus Brazauskas, 1983. A-B, D-E, Pa element. C, F, 0, U,
Pb, element. G-L, P, Pb, element. M—N, Sc, element. Q, v, Pc element. R-S, M, element. T, Sc, element. w—Y,
carnuliform element, short morph. z-p', Sc, element. E'-G', Sb, element. H'-L', carnuliform element, morph
a. M', modified carnuliform element, short morph. N', modified carnuliform element(?). o', modified
carnuliform element. p', Sb, element. Q', Sa element. R'-s', carniciform element. T'-U", carnuliform element,
morph b. vi-w!, curved element, morph b. X', curved element, morph a. y'-z', curved element, morph c. Scale

bar represents 1 mm.
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p. 1990  Pterospathodus pennatus procerus (Walliser, 1964); Uyeno, p. 66, pl. 3, fig. 18 (non figs 19-20 [=
P. p. procerus)).
v. 1990 Pterospathodus amorphognathoides Walliser, 1964; Minnik and Viira, pl. 17, figs 28, 32.
1991 Carniodus carnulus Walliser, 1964; Kleffner, fig. 527-28.
1991 Prerospathodus amorphognathoides Walliser, 1964 ; Kleffner, fig. 621, 26-27.
1992 Prerospathodus amorphognathoides Walliser, 1964 ; Barca er al., pl. 10, figs 7-10.
1992 Carniodus carnulus Walliser, 1964; Barca et al., pl. 10, figs 11-12.
1996 Pterospathodus amorphognathoides Walliser, 1964; Wang and Aldridge, pl. 5, fig. 9.
v. 1998  Pterospathodus amorphognathoides amorphognathoides Walliser, 1964 ; Ménnik and Maltkowski,
pl. 1, figs 10, 14-17.

Material. Several hundreds to thousands of all elements.

Emended diagnosis. P. amorphognathoides with distinct basal platform/platform ledges of various
configurations and dimensions on all elements.

Remarks. The size and shape of the basal platform of the Pa element is highly variable, evidently
due to evolutionary changes (see below). The Pa element may or may not possess a triangular lateral
lobe/short usually undenticulated process on the outer side of the element. Occasionally, additional

EXPLANATION OF PLATE 5

Figs 1-4, 10, 16. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964 ; Population 5. 1, Cn
8026; upper view of dextral Pa element. 2, Cn 8027; upper view of dextral Pa element. 3, LO 7738t; upper
view of sinistral Pa element. 4, Cn 8028; outer lateral view of dextral carnuliform element, short morph. 10,
Cn 8029; outer lateral view of dextral modified carnuliform element. 16, Cn 8040; inner lateral view of
sinistral Sc, element. Figs 1-2 from Viki core, sample M-391, int. 115-45-115-60 m; fig. 3 from Overstekvarn
2 section (Gotland), sample G88-635LJ; figs 4 and 10 from Viki core, sample M-995, int. 113:80-113-95 m;
fig. 16 from Viki core, sample M-390, int. 118-40-118-50 m.

Figs 5-9, 11-15, 17-23, 35. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964 ; Population
4. 5, Cn 8030; outer lateral view of sinistral Pb, element. 6, Cn 8031; inner lateral view of sinistral Sc,
element. 7, Cn 8032; outer lateral view of dextral Pb, element. 8, Cn 8033; inner lateral view of dextral
carniciform element. 9, Cn 8034 ; outer lateral view of dextral modified carnuliform element, short morph.
11, Cn 8035; inner lateral view of sinistral Sc, element. 12, Cn 8036; upper view of dextral Pa element.
13, Cn 8037; upper view of sinistral Pa element. 14, Cn 8038; inner lateral view of dextral Sc, element. 15,
Cn 8039; outer lateral view of sinistral carnuliform element, morph a. 17, Cn 8041; outer lateral view of
sinistral modified carnuliform element. 18, Cn 8042; lateral view of symmetrical carnuliform element,
morph a. 19, Cn 8043; posterior view of sinistral Sb, element. 20, Cn 8044; posterior view of dextral Sb,
element. 21, Cn 8045; outer lateral view of dextral curved element, morph b. 22, Cn 8046; posterior view of
dextral Sb, element. 23, Cn 8047; outer lateral view of sinistral Pc element. 35, Cn 8048; outer lateral view
of sinistral modified carnuliform element, short morph. Figs 5, 8-9, 11, 14-15, 17-20 and 22 from Viki core,
sample M-386, int. 123-:25-123-45 m; fig. 6 from Viki core, sample M-385, int. 124-60-124-75 m; figs 7,
12-13, 21, 23 and 35 from Viki core, sample M-384, int. 125:60-125-75 m.

Figs 24-34, 36-40. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964 ; Population 3. 24,
Cn 8049; upper view of sinistral Pa element. 25, Cn 8050; inner lateral view of sinistral Sc¢, element.
26, Cn 8051 ; outer lateral view of sinistral Pb, element. 27, Cn 8052; upper view of sinistral Pa element. 28,
Cn 8053; outer lateral view of dextral curved element, morph a. 29, Cn 8054 ; inner lateral view of dextral Sc,
element. 30, Cn 8055; inner lateral view of sinistral M, element. 31, Cn 8056; outer lateral view of sinistral
Pb, element. 32, Cn 8057; upper view of dextral Pa element. 33, Cn 8058; inner lateral view of dextral Sc,
element. 34, Cn 8059 outer lateral view of dextral carnuliform element, morph a. 36, Cn 8060 outer lateral
view of sinistral modified carnuliform element. 37, Cn 8061 ; outer lateral view of dextral Pb, element. 38,
Cn 8062; mner lateral view of sinistral Sc, element. 39, Cn 8063; outer lateral view of sinistral carnuliform
element, short morph. 40, Cn 8064; outer lateral view of dextral Sb, element. Figs 24, 26, 28, 31-33, 36 and
38-39 from Viki core, sample M-378, int. 134-80—134-90 m; figs 25 and 29 from Viki core, sample M-380,
int. 131-85-132:00 m; figs 27, 30, 34, 37 and 40 from Viki core, sample M-381, int. 130-45-130-55 m.

All x 50.
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TEXT-FIG. 1 1. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964 ; Population 1. A—C, F, Pa
element. D-E, G, I-K, Q, Pb, element. H-1, N—P, Pb, element. L—M, Pc element. R-T, F!, Sc, element. U-v, M,
element. w, Sb, element. X, Sb, element. v, A', H', carniciform element. z, Sa element. B', modified carnuliform
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lateral denticle(s) may occur at the distal part of the process. Although the fauna is dominated by
elements with a bifurcated lateral process, pennate elements may be found quite often. These are
easily separated from pennate elements of P. p. procerus on the basis of the configuration of the
basal platform and cavity.

Based on changes in the morphology of the Pa element, five main temporal populations can be
recognized in P. a. amorphognathoides (Pls 4-5; Text-figs 3, 11-15).

Population 1 (Pl. 4, figs 5-20, 22-27; Text-fig. 11). The Pa element possesses a narrow but distinct platform (P1. 4,
figs 6, 8; Text-fig. 11a—c, F). This population also includes rare specimens almost indistinguishable from the
elements of P. a. lithuanicus. However, in this interval the Pa elements similar to those of P. a. lithuanicus
possess a short narrow ledge on the outer side of the distal part of the posterior process (Pl. 4, fig. 12). This
structure is missing (PI. 4, figs 29-32, 35), or is very rare (Pl. 4, fig. 34), on the Pa elements of P. a. lithuanicus.
It is possible that the presence of such Pa elements in Population 1 is evidence that this population forms an
evolutionary link between P. a. lithuanicus and P. a. amorphognathoides. Population 1 is included in P. a.
amorphognathoides because the subspecies boundary is drawn at the appearance of the new character
(platform), not at the point where it was found in all individuals. It is also evident that the initial appearance
of platform ledges on the Pa element started on the outer side of the distal part of the posterior process.
Characteristic for Population 1 are at least three morphs of Pb, elements.

1. Relatively large and long elements without platform ledges (Pl. 4, figs 5, 10; Text-fig. 113-K), resembling
those of P. a. lithuanicus (compare Pl 3, figs 15, 17; Text-fig. 10c, F, 0, v).

2. Small straight elements with a distinct high cusp and narrow platform-ledges (Pl. 4, fig. 9; Text-fig. 11D-E).
3. Relatively large straight elements with a short cusp, high denticles on the long anterior process and low
denticles on the shorter posterior process (Text-fig. 11G). This morph is almost identical to the holotype of
Walliser’s * Ozarkodina gaertneri’ (Walliser 1964, pl. 27, fig. 14). In the collections studied, this type of element
is extremely rare, occurring only in few samples and represented, as a rule, by one or two specimens. Rare
elements of this type can be found also in younger populations (Text-fig. 13v).

Morphs 1 and 2 dominate in Population 1, the former being more abundant in older strata and morph 2
in younger strata.

Population 2 (Pl. 4, figs 1-4; Text-fig. 12). The morphologically highly variable platform is widest on the outer
proximal side of the Pa element and narrows gradually distally.

Population 3 (Pl. 5, figs 24-40; Text-fig. 13). The platform on the Pa elements reaches its maximum size in this
population. The edges of it, particularly on the posterior process, are strongly undulating and partly turned
up. Many specimens possess a triangular or semiquadrate outer lateral lobe /short process which may or may
not bear denticle(s) (Pl. 5, fig. 27; Text-fig. 124, ). In Population 3 platform ledges become well developed on
most of the elements of the apparatus.

Population 4 (P1. 5, figs 5-9, 11-15, 17-23; Text-fig. 14). On typical Pa elements of this population the platform
is wide on the posterior process and becomes rapidly narrow on the anterior process forming a distinct ‘bulge’
on the outer side of the element, anterior of the point where the inner bifurcated process joins the main blade.
Just behind this ‘bulge’ the platform is widest and possesses an upturned, undulating edge. The structure
described above is distinct on the dextral element (PL. 5, fig. 12; Text-fig. 14A, ) but less well developed on the
sinistral one (PI. 5, fig. 13; Text-fig. 14B).

Population 5 (P1. 5, figs 1-4, 10, 16; Text-fig. 15). Most characteristic for this population is a Pa element with
the platform widest proximally on the outer side of the element and narrowing equally towards the posterior
and anterior ends. Many elements also possess an additional denticle between the main row of denticles and
that on the bifurcating lateral process (Text-fig. 15€, G).

Very characteristic of this, the youngest population of P. a. amorphognathoides, is the strongly arched (in
lateral view) modified carnuliform element (P1. 5, fig. 10; Text-fig. 150'-p"). Also, in some sections, a few Pa
elements with an extremely wide platform (Text-fig. 15¢) were found in the uppermost part of the range of
Population 5.

element. ¢'-p', Sc, element. E', I', Sc, element. G', carnuliform element, short morph. 1'-N', carnuliform
element, morph a. o', carnuliform element, morph b(?). p', curved element, morph c. @', curved element,
morph a. R', curved element, morph b. Scale bar represents 1 mm.
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The elements of P. a. amorphognathoides in Population 3 are quite similar to those of P. rhodesi
(see below), differing from them mainly by the less well developed platform/platform ledges. P. a.
amorphognathoides is abundant and dominates conodont faunas in the open shelf carbonate-
terrigeneous facies. Towards the basin it becomes rare and is ecologically replaced by P. pennatus
procerus.

The populations listed above will in the future probably allow the recognition of several
stratigraphically useful subdivisions in the P. a. amorphognathoides Zone. However, further studies
are needed.

Occurrence. P. a. amorphognathoides, Lower Pseudooneotodus bicornis and Upper Ps. bicornis zones. P. a.
amorphognathoides has been recognized world-wide (see synonymy) except for a few regions: Severnaya
Zemlya (Midnnik 1983) and the Sub-Polar Urals (Melnikov, pers. comm.). It is extremely rare in eastern
Canada (Gaspé Peninsula; Nowlan 1983). P. a. amorphognathoides is evidently also missing in several other
regions (e.g. Greenland — Armstrong 1990; Alaska — Savage 1985; some regions in north-western Canada -
McCracken 1991 ; and Australia — Bischoff 1986) where it is replaced by P. rhodesi.

P. pennatus lineage

As was noted above the P. pennatus lineage probably appeared, together with the P.
amorphognathoides lineage, at the end of the P. eopennatus Zone. Both lineages evidently originated
from the same ancestral taxon: P. eopennatus ssp. nov. 2 (Text-fig. 3; Miannik 1995). However, some
data suggest also another possibility. Morph 5 of P. eopennatus ssp. nov. 1 from the A.
irregularis—A. kuehni subzones is morphologically very similar to P. p. pennatus of Walliser (1964,
pl. 14, figs 23-26). In the Cellon section P. p. pennatus is found together with P. celloni in strata
considerably younger than the known range of morph 5 in Estonia. Also, the morphologies of
elements and co-occurrences of taxa in Cellon indicate that the oldest P. celloni fauna described
from that section 1s no older than the latest P. eopennatus, but most probably comes from the
earliest P. celloni chron (Minnik 1996).

In Estonia, in open shelf environments morph 5 disappeared during the end-irregularis event.
That event caused considerable changes in conodont faunas. Several taxa became extinct or
disappeared temporarily and P. eopennatus ssp. nov. 1 was replaced by P. eopennatus ssp. nov. 2.
However, it cannot be excluded that P. eopennatus ssp. nov. 1 survived the end-irregularis event
somewhere in offshore regions and gave rise to the P. p. pennatus — P. p. procerus lineage. The
morphological similarities between the Pa element of P. p. pennatus and morph 5 of P. eopennatus
ssp. nov. 1 suggest a possibility that these two taxa are directly connected. It is possible that the two
ecologically restricted lineages might have appeared already at the end of the A. irregularis chron.
However, no data about the deeper basin lineage is yet available from the interval between the
ranges of P. eopennatus ssp. nov. 1 and P. p. pennatus. Also, P. p. pennatus itself has not been found
in Estonia. Therefore, in this paper P. pennatus is described as a descendant of P. eopennatus
appearing in the sequence at the same time as P. amorphognathoides.

Pterospathodus pennatus pennatus (Walliser, 1964)

*1964  Spathognathodus pennatus pennatus Walliser, p. 79, pl. 14, figs 23-26; pl. 15, fig. 1.
(71968  Neospathognathodus pennatus (Walliser, 1964); Nicoll and Rexroad, p. 47, pl. 2, fig. 5.

Remarks. P. p. pennatus has not been identified in Estonia. In Cellon P. p. pennatus has the same

TEXT-FIG. 12. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964; Population 2. A-G, Pa

element. H-K, N—Q, Pb, element. L-M, U-v, Pb, element. R, v, Pc element. s-1, M, element. w—X, G'-H', Sc,

element. z, Sb, element. A', Sb, element. B!, Sa element. c'-p', Sc, element. E', Sc, element. F', carniciform

element. 1'-J', carnuliform element, short morph. k'-L!, carnuliform element morph a. M'-N', modified

carnuliform element. o', ?curved element, morph c. P!, curved element, morph a. @', curved element, morph b.
Scale bar represents 1 mm.
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range as P. celloni (Walliser 1964). In this section P. p. pennatus is very rare in the lowermost sample
studied (10 B) which is dominated by elements of P. a. angulatus. In sample 10 H/J, I have identified
a fragment probably belonging to P. amorphognathoides lennarti ssp. nov. together with P. p.
pennatus and P. celloni. In the uppermost sample with P. p. pennatus (sample 10 J), a few Pa and
Pb elements (Walliser 1964, pl. 15, fig. 1; pl. 27, fig. 5) occur which are morphologically almost
identical to those of P. p. procerus, indicating a close relationship between these two subspecies.

The morphologically distinct Pb,, Pb,, Pc, Sc,, Sc, and Sb, elements, which occur in Estonia with
the Pa elements of P. celloni, are considered to belong to the apparatus of the latter species (see
below). However, ‘ Neoprioniodus triangularis tenuirameus’ (Walliser 1964, pl. 28, figs 22-24; = M,
element; fig. 21 cannot be identified without direct study of the specimen) and *Carniodus
eocarnicus’ (Walliser 1964, pl. 28, figs 19-20; = Sc, element) may belong either to P. celloni or
P. p. pennatus — they all are found together in the same strata. Here these elements are tentatively
assigned to P. celloni (see synonymy). The specimen illustrated by Walliser (1964, pl. 28, fig. 12) as
*N. subcarnus’ is considered to be the Sc, element of P. celloni. The majority of the other Carniodus-
elements illustrated by Walliser (1964) possess distinct platform ledges and evidently belong to
P. a. amorphognathoides (see above).

Occurrence. P. celloni Zone.

Pterospathodus pennatus procerus (Walliser, 1964)
Plate 6, figures 1-25, 27-35; Text-figure 16

v. 1964  Spathognathodus pennatus procerus Walliser, p. 80, pl. 15, figs 2-8.
1966  Spathognathodus pennatus procerus Walliser, 1964 ; Spasov and Filipovic, p. 50, pl. 1, fig. 6.
p. 1968  Spathognathodus pennatus procerus Walliser, 1964 ; Igo and Koike, pp. 18-19, pl. 2, figs 8-10
(non fig. 11 [indet.]).
p. 1968  Ozarkodina gaertneri Walliser, 1964 ; Igo and Koike, p. 14, pl. 1, figs 7-9 (non figs 5-6 [= P. a.
amorphognathoides)).
1968  Neoprioniodus costatus paucidentatus Walliser, 1964 ; Igo and Koike, p. 12, pl. 3, figs 16-17.
1968  Neoprioniodus triangularis tenuirameus Walliser, 1964 ; Igo and Koike, p. 13, pl. 3, figs 18-19.
p. 1968  Carniodus sp. A Igo and Koike, p. 8, pl. 3, fig. 2 (non fig. 3 [= P. a. amorphognathoides]).
1968  Carniodus sp. B Igo and Koike, p. 8, pl. 3, fig. 20.
1968  Roundya? sp. C Igo and Koike, p. 17, pl. 3, figs 25-28.
p. 1968  Neoprioniodus spp. Igo and Koike, p. 14, pl. 3, fig. 24 (non fig. 4 [= P. a. amorphognathoides)).
1969  Spathognathodus pennatus procerus Walliser, 1964; Drygant, p. 50, pl., figs 2-3.
1976 Prerospathodus pennatus pennatus (Walliser, 1964); Barrick and Klapper, p. 86, pl. 1, fig. 19.
v. 1979  Pterospathodus pennatus procerus (Walliser, 1964); Jeppsson, p. 235, fig. 717-8.
1983 Pterospathodus pennatus procerus (Walliser, 1964); Savage et al., fig. 2A-F.
1984  Pterospathodus pennatus procerus (Walliser, 1964); Stouge and Bagnoli Stouge, p. 109, pl. 2, figs
14-17.
1984  Pterospathodus pennatus procerus (Walliser, 1964); Drygant, p. 108, pl. 7, figs 17-20.
1985  Pterospathodus pennatus procerus (Walliser, 1984); Yu, pl. 1, figs 1-2.
v. 1985  Pterospathodus pennatus pennatus (Walliser, 1964); Nehring-Lefeld, p. 637, pl. 1, figs 1-2.
1985  Pterospathodus pennatus procerus (Walliser, 1974); Savage, p. 714, fig. 44-K.
vp. 1986  Prerospathodus procerus (Walliser, 1964); Bischoff, p. 204, pl. 29, figs 9-10, 15-30 (non figs 13-14
[indet.]); pl. 30, figs 1-2 (non figs 3—11 [= P. rhodesi]).
1987 Pterospathodus pennatus procerus (Walliser, 1964); Over and Chatterton, pl. 4, fig. 4.

TEXT-FIG. 13. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964 ; Population 3. A-D, F, 1, Pa

element. E, 1, N-0, v, Pb, element. G-H, K-M, Pb, element. P—Q, Pc element. R, W, Sc, element. s, z, M, element.

T-U, Y, Sc, element. X, Sa element. A', Sc, element. B, L', carnuliform element, short morph. c’-p', M', modified

carnuliform element. E', Sb' element. ¢!, Sb, element. G', modified carnuliform element, short morph. u',

curved element, morph a. 1', curved element, morph b. ', carniciform element. k', modified carnuliform

element, short morph. N', carnuliform element, morph b. o', carnuliform element, morph a. Scale bar
represents 1 mm.
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TEXT-FIG. 14. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964; Population 4. A-D, Pa

clement. E, G, 1-J, -8, Pb, element. F, H, K, Pb, element. L, z, M, element. M—N, Sc, element. 0-P, Sc, element.

r, Sb, element. U-v, Sb, element. w, Y, Pc element. X, carniciform element. A'-B!, ', Sc, element. c'-D',

carnuliform element, short morph. ¥'-1', carnuliform element, morph a. J*, carnuliform element, morph b(?).

k', M', curved element, morph b. L', curved element, morph a. N'-0', modified carnuliform element. Scale bar
represents 1 mm.
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p. 1987  Prerospathodus pennatus procerus (Walliser, 1964); An, p. 202, pl. 33, figs 5-6 (non figs 4, 7 [=
P. a. amorphognathoides)).
v. 1990  Pterospathodus procerus (Walliser, 1964); Miannik and Viira, pl. 17, figs. 29.
p. 1990  Pterospathodus pennatus procerus (Walliser, 1964); Uyeno, p. 66, pl. 3, figs 19-20 (non fig. 18 [=
P. a. amorphognathoides)).
1991 Prerospathodus procerus (Walliser, 1964); McCracken, p. 109, pl. 4, figs 12-23.
p? 1991  Carniodus carnulus Walliser, 1964; McCracken, p. 108, pl. 3, figs 1314 (non figs 6-12, 15[= P.
rhodesi]).
1992 Pterospathodus pennatus procerus (Walliser, 1964); Nehring-Lefeld, pl. 3, figs 1-2.
v. in press  Pterospathodus pennatus procerus (Walliser, 1964); Miannik and Malkowski, pl. 1, figs 6-7,
11-13, 18.

Material. Many tens to about a hundred of the Pa and Pb, elements; few to a few tens of all other elements.

Remarks. The apparatus of P. p. procerus is well represented in several samples in the studied
collections. Pa, Pb,, Pb,, Pc, M,, M,, Sc,, Sc,, Sc,, Sb,, Sb,, Sa, carnuliform morphs a and b, and
a possible carniciform element are recognized. The M, element (PI. 6, figs 1, 3; Text-fig. 16w—2z) has
so far been found only in the P. p. procerus apparatus. The Sc, element seems to be represented by
two morphs, one without and the other with denticles on the basal part of the anterior edge of the
cusp (PL. 6, figs 9, 22 and 7, 25 respectively; Text-fig. 16P’—Q' and RrR'-s', v'-w' respectively).
Probable carniciform element (Text-fig. 16x'-A*, N*~0?) of this apparatus possesses a considerably
taller cusp than its possible homologues in other apparatuses of Pterospathodus (Text-figs 4-15).

The data available allow the recognition of ecological replacement of P. a. amorphognathoides by
P. p. procerus towards offshore environments (Miannik 1992). In open shelf environments P. p.
procerus 1s extremely rare or completely absent in the P. a. amorphognathoides Zone, although in
many regions (Estonia — Miadnnik 1992; Gotland — Jeppsson 1979, Jeppsson and Minnik 1993;
Britain — Ménnik and Aldridge 1989, Aldridge et al. 1993) P. p. procerus has been identified from
a short interval above the last P. a. amorphognathoides. This appearance of P. p. procerus in open
shelf environments was probably connected with the Ireviken Event, with the extinction of P. a.
amorphognathoides creating a vacant niche.

Occurrence. P. a. amorphognathoides to Upper P. p. procerus zones (Jeppsson 1994, 1997) in deeper basin
environments; Lower and Upper P. p. procerus zones in open shelf facies. P. p. procerus has been found in most
known sequences world-wide (see synonymy).

Pterospathodus celloni (Walliser, 1964)
Plate 6, figures 26, 36-54; Text-figure 17

v.* 1964  Spathognathodus celloni Walliser, p. 73, pl. 14, figs 3-16.
v. 1964  O:zarkodina adiutricis Walliser, p. 54, pl. 27, figs 1-10.
vp. 1964 Carniodus eocarnicus Walliser, p. 34, pl. 28, fig. 20 (non fig. 19 [= P. amorphognathoides)).
vp. 1964  Neoprioniodus subcarnus Walliser, p. 51, pl. 28, fig. 12 (non figs 13-14 [=P. a.
amorphognathoides)).
v. 1964  Neoprioniodus triangularis tenuirameus Walliser, p. 53, pl. 28, figs 21-24.
v. 1964  Neoprioniodus costatus paucidentatus Walliser, p. 48, pl. 28, figs 31-35.
v.? 1964  Roundya brevialata Walliser, p. 69, pl. 31, figs 8-10.
71968  O:zarkodina adiutricis Walliser, 1964 ; Nicoll and Rexroad, p. 48, pl. 2, fig. 8.
71968  Neospathognathodus celloni (Walliser, 1964); Nicoll and Rexroad, p. 45, pl. 2, figs 1-4.
1971  Neospathognathodus celloni (Walliser, 1964); Rexroad and Nicoll, pl. 1, figs 2-4.
1971 Ozarkodina adiutricis Walliser, 1964 ; Rexroad and Nicoll, pl. 1, fig. 5.

TEXT-FIG. 15. Pterospathodus amorphognathoides amorphognathoides Walliser, 1964; Population 5. A-J, Pa
clement. K-M, P-R, Pb, element. N—0, Pb, element. s-T, M, element. U-v, Sc, element. w, E', Sc, element. X,
H', Sc, element. B', carniciform element. ¢', Sa element. p', Sb, element. ¥', carnuliform element, short morph.
G', N', curved element, morph a. i'-J', carnuliform element, morph b. k’-L', carnuliform element, morph a. M,
curved element, morph b(?). o'-p', modified carnuliform element. Scale bar represents 1 mm.
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1972 O:zarkodina adiutricis Walliser, 1964; Rexroad and Nicoll, pl. 1, figs 15-16.

1972 Spathognathoides celloni Walliser, 1964; Rexroad and Nicoll, pl. 1, figs 17-19.

1976  Pterospathodus celloni (Walliser, 1964); Barrick and Klapper, p. 82, pl. 1, figs 3, 5.

1977 zarkodina adiutricis Walliser, 1964; Liebe and Rexroad, pl. 1, fig. 11.

1977  Spathognathodus celloni Walliser, 1964; Liebe and Rexroad, pl. 1, fig. 12.

1989  Pterospathodus celloni (Walliser, 1964); Minnik and Aldridge, text-fig. 14-F.
71994  Pterospathodus celloni (Walliser, 1964); Watkins et al., pl. 10, figs 1-4.

Material. Many tens of Pa and Pb elements; a few Pc, Sc, and Sc, elements.

Remarks. P. celloni is very rare in the Estonian collections, which mainly represent a proximal
carbonate-terrigeneous facies. It is mostly represented by Pa and Pb, elements, with the Pb, element
quite common. However, the identification of the Pb, element among co-occurring juvenile Pb,
elements of P. amorphognathoides lennarti ssp. nov. and P. a. lithuanicus is quite problematical. Of
the other elements of P. celloni, only the Sc,, Sc, and extremely rare specimens of the Sb, have been
identified. Sc,, Sc, and Sb, elements of P. celloni are morphologically almost identical to their
homologues in P. eopennatus apparatuses (Pl. 1, figs 3, 6, 13, 44-45; Text-figs 4¢*, H*>-K®, 5A"-B',
H'-J'; 6L'-P', U'-Vv!). The Sb, is also almost identical to its homologue in P. p. procerus (Pl. 6,
figs 10-11, 17-19, 27; Text-fig. 16N").

Some peculiar carniodiform elements occur together with P. celloni. They are here identified as
carniciform(?) (Pl. 6, fig. 50; Text-fig. 170" -N") and carnuliform (Pl. 6, figs 42, 51-52, 54; Text-fig.
170'-1%) elements of P. celloni apparatus. It is also probable that at least some of the elements
described by Walliser (1964) as “N. triangularis tenuirameus’ and ‘N. costatus paucidentatus’
represent, accordingly, the M, and Pc elements of P. celloni (see synonymy).

P. celloni seems to have been more abundant in deeper basin environments (graptolite-bearing
facies) and was very rare in open shelf regions. Although its origin needs further investigation it is
evident that P. celloni was closely related to the P. pennatus lineage.

Occurrence. From the uppermost part of the P. a. angulatus Subzone to the P. a. lithuanicus Subzone in open
shelf facies. The range in deeper facies needs further studies but may be longer. The distribution of P. celloni
in other regions needs further studies, with revision of collections. However, based on the published data (see
synonymy) it seems quite probable that P. celloni can be recognized in most known Telychian sequences.

Pterospathodus rhodesi (Savage, 1985)

1984  Pterospathodus n. sp. A Stouge and Bagnoli Stouge, p. 109, pl. 1, figs 1-6.
1984  Carniodus carnulus Walliser, 1964 ; Stouge and Bagnoli Stouge, p. 108, pl. 1, figs 11-19.
#1985  Pterospathodus amorphognathoides rhodesi Savage, p. 714, fig. 34-T.
1985 Carniodus carnulus Walliser, 1964 ; Savage, p. 714, fig. 2D-N.
1985  Xainzadontus dewukaxiaensis Yu, p. 25, pl. 1, fig. 14.
1985  O:zarkodina gaertneri Walliser, 1964 ; Yu, pl. 1, fig. 8.
1985  Roundya triangularis Yu, p. 25, pl. 1, fig. 13.
1986  Carniodus carnulus Walliser, 1964 ; Bischoff, p. 177, pl. 5, figs 18-34; pl. 6, figs 1-37.
1986  Pterospathodus procerus (Walliser, 1964): Bischoff, p. 204, pl. 30, figs 3-11.
1986  Pterospathodus latus Bischoff, p. 197, pl. 30, figs 15-18, 31; pl. 31, figs 1-14.
1986  Pterospathodus amorphognathoides Walliser, 1964 ; Bischoff, p. 186, pl. 30, figs 19-22; pl. 31, figs
15-39.
1987  Prerospathodus pennatus rhodesi (Savage, 1985); Over and Chatterton, p. 21, pl. 4, figs 5-6.
p. 1987  Pterospathodus amorphognathoides Walliser, 1964 ; Over and Chatterton, pl. 4, fig. 3 (non figs 1-2
[= P. a. amorphognathoides)).
1989  Pterospathodus rhodesi (Savage, 1985); Ménnik and Aldridge, text-fig. 44-B.
1990 Carniodus carnulus Walliser, 1964; Armstrong, p. 68, pl. 4, figs 14-29.
1990 Prerospathodus amorphognathoides Walliser, 1964 ; Armstrong, p. 115, pl. 19, figs 1-5.

=R E =
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1990 Prerospathodus pennatus rhodesi (Savage, 1985); Armstrong, p. 120, pl. 20, figs 6-16.
p. 1991  Carniodus carnulus Walliser, 1964; McCracken, p. 108, pl. 3, figs 6-12, 15 (non figs 13-14 [=
P. p. procerus)).
.1991 Pterospathodus rhodesi (Savage, 1985); McCracken, p. 109, pl. 5, figs 6-15.

Remarks. In some regions (Australia, Alaska, Greenland, Tibet). P. a. amorphognathoides is
replaced by, or co-occurs with, P. rhodesi, all elements of which are characterized by extremely wide
platform/platform ledges (see illustrations listed in synonymy). The origin of P. rhodesi is not
known. In general, the morphology of the elements and the architecture of the apparatus suggest
that P. rhodesi is closely related to the P. amorphognathoides lineage. However, the co-occurrence
of P. a. amorphognathoides and P. rhodesi in some sections (e.g. in the southern Mackenzie

EXPLANATION OF PLATE 6

Figs 1-25, 27-35. Preroaparhodus pennatus procerus (Walliser, 1964). 1, LO 7739t; inner lateral view of dextral
M, element. 2, LO 7740t; inner lateral view of dextral M, element. 3, LO 7741t; inner lateral view of sinistral
M, element. 4, LO 7742t; inner lateral view of sinistral M element. 5, Cn 8065; outer lateral view of dextral
Pb element. 6, LO 7743t; outer lateral view of smlstral Pb, element. 7, LO 7744t; inner lateral view of
sinistral Sc, element. 8, Cn 8066 ; upper view of sinistral Pa element. 9, LO 7745t; inner lateral view of dextral
Sc, element. 10, LO 7746t ; posterior view of dextral Sb, element. 11, LO 7747t; outer lateral view of dextral
Sb, element. 12, LO 7748t; posterior view of dextral Sb, element. 13, LO 7749t; posterior view of sinistral
Sb, element. 14, Cn 8067; outer lateral view of sinistral Sc, element. 15, LO 7750t; inner lateral view of
sinistral Sc, element. 16, Cn 8068 outer lateral view of sinistral Pb, element. 17, LO 7751t; posterior view of
sinistral Sb element. 18, LO 7752t; outer postero-lateral view of Sll’llbtrd] Sb, element. 19, LO 7753t; inner
antero- lateral view of sinistral Sb, e]ement 20, LO 7755t; outer lateral view of dextral Pc element. 21, LO
7755t ; inner lateral view of dextral curved(?) element. 22, LO 7756t ; inner lateral view of dextral Sc, element
23, LO 7757t; inner lateral view of dextral Sc, element. 24, LO ??58t; inner lateral view of sinistral Sc,
element. 25, LO 7759t; inner lateral view of dextral Sc, element. 27, LO 7760t; outer lateral view of sinistral
Sb, element. 28, LO 7761t; outer lateral view of dextral carnuliform element, morph a. 29, LO 7762t: outer
lateral view of dextral carnuliform element, morph a. 30, LO 7763t inner lateral view of sinistral carnuliform
element, morph b. 31, LO 7764t; outer lateral view of sinistral curved element. 32, LO 7765t; inner lateral
view of sinistral carnuliform element, morph a. 33, LO 7766t; outer lateral view of sinistral carnuliform
element, morph a. 34, LO 7767t; posterior view of Sa element. 35, LO 7768t; posterior view of Sa element.
Figs 14, 7, 10-12, 15, 17-21, 25, 27-29, 31-33 and 35 from Nygardsbickprofilen-1 section (Gotland),
sample G93-977L1J: figs 5. 8, 14 and 16 from Ohesaare core, sample M-935, int. 348:40-348-60 m: figs 6, 9,
13, 22-24, 30 and 34 from Nygardsbickprofilen-1 section (Gotland), sample G93-978LJ.

Figs 26, 36-54. P!(Jrosparhodm celloni (Walliser, 1964). 26, Cn 8069; outer lateral view of dextral Pb, element.
36, LO 7769t; upper view of sinistral Pa element. 37, Cn 8070; outer lateral view of dextral Pc element. 38,
Cn 8071 inner lateral view of dextral Sc, element. 39, LO 7770t; inner lateral view of sinistral Sc, element.
40, Cn 8072; outer lateral view of dextral Pb, element. 41, Cn 80?3 inner lateral view of dextral Pa element.
42, Cn 8074 inner lateral view of dextral Larnu]:form( 7) element. 43, LO 7771t; inner lateral view of dextral
M, element. 44, Cn 8075; inner lateral view of sinistral Sc, element. 45, LO 7772t; inner lateral view of
sinistral Pa element. 46, LO 7773t; outer lateral view of sinistral Pb, element. 47, LO 7774t; inner lateral
view of dextral Sb, element. 48, LO 7775t outer lateral view of sinistral Sb, element. 49, LO 7776t; inner
lateral view of dextral Pa element. 50, Cn 8076: inner lateral view of dextral carniciform(?) element. 51, Cn
8077; inner lateral view of dextral carnuliform(?) element. 52, Cn 8078; inner lateral view of sinistral
carnuliform element. 53, LO 7777t; outer lateral view of dextral Sb, element. 54, Cn 8079 inner lateral view
of sinistral carnuliform(?) element. Figs 26 and 44 from Viki core, sample M-967, int. 153-60-153-72 m; fig.
36 from Nir core (Gotland), int. 351:60-35165m; fig. 37 from Viki core, sample M-360, int.
153-35-153-50 m; figs 38 and 41 from Uulu-330 core, sample M-1070, int. 137-70-137-85 m; figs 39, 43, 45-46
and 48-49 from Sjilso section (Gotland), sample G88-637L1J; fig. 40 from Uulu-330 core, sample M-1301,
int. 138:05-138-15 m; figs 42, 50-52 and 54 from Viki core, sample M-976, int. 149-95-150-08 m: figs 47 and
53 from Nir core (Gotland), int. 361:30-361-40 m.

All x 50.
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TEXT-FIG. 16. For caption see opposite.




MANNIK: SILURIAN CONODONTS 1045

Mountains, Northwest Territories of Canada; Over and Chatterton 1987) indicates that, most
probably. they belong to separate species.

The Pa element of P. rhodesi is represented at least by two morphs: morph 1 with a bifurcated
inner lateral process (Minnik and Aldridge 1989, text-fig. 44); and morph 2 with a pennate inner
lateral process (Mannik and Aldridge 1989, text-fig. 4B).

P. rhodesi has not been identified in the Baltic or in other parts of Europe.

Occurrence. P. a. amorphognathoides Zone (only?).

ORIGIN

The ancestry of Pterospathodus is uncertain. P. eopennatus appears widely without a direct
antecedent. Bischoff (1986) described a presumed direct ancestor of P. celloni (= P. eopennatus in
this paper) from New South Wales, Australia, which he called P. cadiaensis. Elements assigned to
this taxon by Bischoff are also known from several other regions (Norway — Aldridge and
Mohamed 1982, pl. 1, fig. 33; Severnaya Zemlya — Mannik 1983, fig. 4Y; Northern Urals -
Melnikov, pers. comm.; South China — Aldridge, pers. comm.). Well preserved material from the
last region revealed that, in reality, these elements belong to a Gamachignathus apparatus, and P.
cadiaensis was reidentified as G. macroexcavatus (Wang and Aldridge, 1996).

The new data presented herein indicate an increased level of similarity between the Pterospathodus
and Pranognathus apparatuses (Midnnik and Aldridge 1989, text-fig. 5; Uyeno and Barnes 1983,
pl. 2, figs 1-11, 1418, identified as belonging to Pterospathodus). However, although the elements
of Pranognathus can be readily homologized with those of Pterospathodus (Pa, Pb,, Pc, M,, Sc,, Sc,,
Sb,, Sb, and Sa can be recognized in Pranognathus) there are still too many significant
morphological differences between these two apparatuses to allow us to consider Pranognathus as
a direct ancestor of Pterospathodus. In Pranognathus, the Pa and Pb, elements (Mannik and
Aldridge 1989, text-fig. 54-1, U-X) possess deep wide cavities, the Pc element (Minnik and
Aldridge 1989, text-fig. SJ-K, Y—Z) has three long processes, the M, element (Mannik and Aldridge
1989, text-fig. SL-M) has a denticulated inner lateral process and a large number of denticles on the
anterior and posterior processes, and the anterior process of the Sc, element (Minnik and Aldridge
1989, text-fig. 55) is densely denticulated. Also, several elements known from Prerospathodus (Pb,,
Sc,, canuliform, carniciform and curved), have not been identified in Pranognathus. However, as the
ranges of Pterospathodus and Pranognathus are separated by a considerable time interval, it cannot
be excluded that these two taxa are related to each other.

Hence, the origin of Pterospathodus remains unknown and needs further studies.

CONCLUSIONS

1. Elements previously referred to Carniodus do not belong to a separate genus, but formed part
of the apparatus of Pterospathodus.

2. The structure of the Prerospathodus apparatus was evidently much more complicated than
previously considered. It consists of at least 14 (15) elements: Pa, Pb,, Pb,, Pc, M,, M, (so far
recognized only in the P. p. procerus apparatus), Sc,, Sc,, S¢,, Sb,, Sb,, Sa, carnuliform element with
five morphs, curved element with three morphs and carniciform element.

3. In the Telychian, at least two distinct Pterospathodus lineages: P. a. angulatus — P. a.
amorphognathoides, and P. p. pennatus — P. p. procerus existed and evolved separately, the former in
the open shelf carbonate-terrigeneous facies and the latter in deeper basin graptolite-bearing facies.

TEXT-FIG. 16. Pterospathodus pennatus procerus (Walliser, 1964). A-D, Pa element. e-F, Pb, element. -0, Pb,
element. P-T, A'-B', Pc element. u-v, c'-p', M, element. w—z, M, element. E’-F', o', Sc, element. G-k, Sc,
element. L'-M', Sb, element. N', T', Sb, element. p'-s', v'-w', Sc, element. U', Sa element. X'-A%, carniciform
element. B*—C? carnuliform element, morph b. p*-M? carnuliform element morph a. N*-0%, ?carniciform

element. Scale bar represents 1 mm.
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TEXT-FIG. 17. Pterospathodus celloni (Walliser, 1964). A—3, M—N, Pa element. KL, 0-S, Pb, element. T, Sb,
element. U-aA', Pb, element. B'-E', Sc, element. F'-k', Sc, element. L'-N', carniciform(?) element. o'-r*,
carnuliform(?) element. Scale bar represents 1 mm.

Both probably originated from a common ancestral taxon at the end of the P. eopennatus Zone,
although they may have appeared in the upper part of the A. irregularis Subzone.
4. Evolution was more rapid, and the morphological variation within each population greater, in

open shelf environments.
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5. Three main intervals of evolution are recognized in the Pterospathodus sequence. The boundaries
between them are marked by distinct morphological changes in the elements.

6. P. celloni was restricted to deeper basin environments, and was closely related to the P. pennatus
lineage.

7. The appearance of P. celloni and P. p. procerus in open shelf environments occurred during times
when the usual conditions there were partially (or completely — Ireviken Event) altered causing
temporary disappearances or the final extinction of several lineages.

8. The evolutionary steps in the Prerospathodus lineage, together with changes shown by the rest
of the Telychian conodont fauna, provide excellent potential for high resolution stratigraphy
(Minnik 1995, 1996).
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APPENDIX
List of localities cited in text (see also Text-fig. 1).

A. Exposures

. Valgu — a drainage canal; studied section corresponds to Point 1 in Klaamann (1990, p. 181).

. Velise-Korgekalda — low cliff on the left bank of the Paardu (on some maps indicated as Velise) River;
. 2:5 km west-south-west of a bridge across the river in Velise village, central Estonia.

. §jdls6 — shore exposure; ¢. 43 km west of Viskinde church, Gotland, Sweden. -

. Overstekvarn 2 — several small exposures in the southern brook about 200 m north-west of Overstekvarn;
. 445 km (south-)south-west of Lummelunda church, Gotland, Sweden.

. Nygardsbackprofilen 1 —a brook section at the mouth of Nygardsbicken (bicken = brook) and shore
section south-west of it; ¢. 2°97 km north-west of Visterhedje church, Gotland, Sweden.

Lh & s b —

B. Cores

I. The Nurme, Uulu-330, Viki and Ohesaare cores are housed in the Sarghaua field station (central Estonia),
Institute of Geology, Tallinn Technical University.

2. The Pahapilli core is housed in the Turja field station (southern Saaremaa, Estonia), Geological Survey of
Estonia.

3. The Nir core is housed in the Geological Survey of Sweden, Uppsala, Sweden.
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