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Abstract. — The phylogeny of Ordovician Conodontophorida from the Baltic re-
gion is reconstructed and homologization of elements of the natural assemblages is
presented. A reconstruction of the apparatus of Spathognathodontidae indicates that
it was a bilateral medial organ composed of 14 conodonts with denticles turned in-
wards. Attempts are made to homologize the tissue of conodonts Panderodontidac
with enamel of dermal denticles of lower Ve{tebrata and the basal filling tissue with
dentine.

A common phenomenon in concdont evolution is the occurrence of morphological
gradient within the apparatus. The evolutionary changes are introduced polarly, and
successively spread from the most rapidly evolving element on the adjoining ones.
Fifty six species and subspecies of Ordovician conodonts are illustrated and their
synonymes given. Two new suborders, three genera, seven species and three temporal
subspecies are proposed.

INTRODUCTION

Conodonts are fairly common, easy to free from the rock, and may be
studied in fairly large populations which makes them especially suitable
for analysis of evolutionary trends. The most interesting results may be
obtained when whole conodont assemblages belonging to single animals are
analysed. The basis for reconstruction of such apparatuses, mainly by
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using statistical techniques, was given by Bergstréom & Sweet (19686),
Lindstrom (1964, 1971) and Bergstrom (1971). In this paper the reconstruc-
tions of conodont apparatuses are tested using phylogenetic constructions.
It is assumed that every element of the apparatus reconstructed should be
present at all the evolutionary stages, being subjected to gradual morpho-
logical changes. Evolutionary series of elements of the apparatus may be
discontinuous only in one direction concordant with time axis, i.e. sudden
reduction of an element is possible but not its sudden appearance or, even
more, disappearance and repeated appearance in the same morphological
form. This excludes a possibility of the occurrence of stages devoid of ele-
ments present in ancestral and descendant apparatuses in evolutionary
series. This phylogenetic test is a basic (besides statistic analysis) tool in
studies on the. polymorphism of relics of fossil organisms.

The present study covers conodonts derived from erratics of the Baltic
origin occurring in northern Poland. The chronological sequence is based
on Mojcza limestone sequence (about 8 m in thickness; uppermost Areni-
gian — Upper Caradocian; Dzik, in prepar.) and samples from Sukhrumigi
sections (Estonia; Viira, 1974). As far as possible the published data concer-
ning earlier (Lindstrém, 1971; McTavish, 1973) and later (Bergstrom, 1971)
phylogeny were supplemented with the newly gathered data.

SEM micrographs were taken in the Laboratory of Electron Microscopy
of the Nencki Institute of Experimental Biology, Warsaw.

The conodont material analysed is housed in the Paleozoological Insti-
tute of the Polish Academy of Sciences (abbreviated as ZPAL). The sym-
bols used in description of the samples are:

"— erratic boulder dissolved by the author,

— erratic boulder dissolved by Prof. Roman Kozlowski,
— Sukhrumagi section (Estonia)

— Mojcza limestone from the Holy Cross Mts (Poland).
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PRINCIPLES OF TAXONOMY OF CONODONTS

The species of Conodontophorida is understood by Lindstréom (1971) and
other authors as a section of evolutionary line (temporal species), ie. in
entirely different way than in biology. Delineation of limits of temporal
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species is highly subjective. Nevertheless, it is accepted here taking care
that the section of evolutionary changes comprised by such “species” at le-
ast roughly corresponds to morphological differences betwen contempora-
neous species of the same genus. The term “subspecies”, which has nothing
in common with biological subspecies (geographic race), is used for more
discrete time taxonomic units as it was done by Mashkova (1971) and ot-
hers. In the neontology the genus is used for grouping contemporaneous,
usually numerous species, whereas as used by Lindstrém (1971) and others
it is monospecific almost always in every time section. The latter is also
the case of taxa of higher rank in conodont taxonomy. Such approach has
resulted in excessive splitting of the systematics. If the paleontological
taxa have to correspond to neontological ones and, at the same time, to
be monophyletic, then they should comprise markedly more taxa of the
lower rank than the latter. The former should comprise all the species li-
ving in a given period of time (as it is done in the zoological systematics
for the case of the Recent organisms), those which lived in the past as well
as those which will originate later; in other words, from the appearance till
extinction of higher rank taxon. Morphological variability of paleontolo-
gical taxon may be compared with that of the neontological only in pos-
sibly the shortest section of the history of the former.

In this study the systematics of Conodontophorida is based on the struc-
ture of apparatuses and it is different of that of Lindstrém (1971). Orien-
tation of conodonts on illustrations is accepted after Lindstrom (1971) and
Bergstrom (1971).

At the present state of knowledge of conodont “apparatuses” it is pos-
sible to make an attempt to homologize their component elements and to
unify the nomenclature. “Apparatuses” may be divided into three groups
of homology here recognized as three monophyletic suborders. Within the-
se suborders comprising forms with similar structure of “apparatuses” it is
possible to carry out full homologization of elements.

Group. I. Suborder Westergaardodinina Lindstrom, 1970 emend.

“Apparatuses” of conodonts of the type family are still not reconstruc-
ted. Possibly they comprised both symmetric and asymmetric element si-
milarly as Chirognathidae (Webers, 1966). Assignement of primitive family
Panderodontidae to any group is arbitrary.

Group II. Suborder Prioniodontina nov.

“Apparatuses’” comprise:

1. asymmetric elements with lateral rib or branch — Prioniodiform — in
some groups differentiated into three types:

(a) with branches set at obtuse angle — amorphognathiform,

(b) with branches set at acute angle — ambalodiform,

(c) flattened — keislognathiform;

2. asymmetric elements without lateral ribs — cordylodiform,;

3. asymmetric elements with four ribs or branches — tetraprioniodiform;
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4. symmetric elements — trichonodelliform (= roundyiform; suberecti-
form);
5. asymmetric elements with incision below main cusp — oistodiform

(= falodiform/holodontiform):
The most primitive conodonts of that group have elements of two ty-
pes only: symmetric (trichonodelliform) and asymmetric (“drepanodiform”).
Group III. Suborder Ozarkodinina nov.
“Apparatuses’” comprise:
1. asymmetric elements with branches set at obtuse angle, ozarkodiniform,
differentiated in some groups into:
(a) platform elements — polygnathiform,
(b) flat elements — ozarkodiniform s.s. (sometimes modified into platform
ones);
2. asymmetric elements with two branches laterally bent, hindeodelliform,
differentiated into:
(a) short-branched twisted elements — plectospathodiform, (= zygognathi-
form),
(b) long-branched elements — hindeodelliform s.s. (= ligonodiniform, cor-
dylodiform); '
3. symmetric elements — trichonodelliform (= diplododelliform, enantiog-
nathiform);
4. asymmetric elements with one branch reduced in size — neoprioniodi-
form — probably homologous with asymmetric elements with incision be-
neath main cusp — oistodiform.

THE COURSE OF THE PHYLOGENY

1. Simple conodonts with a marked contribution of organic matter (Wester-
gaardodinidae Miiller, 1959) — text-fig. 1. Typical Cambrian Westergaardo-
dinidae are only occasionally found in Ordovician deposits (Hamar, 1966;
Druce & Jones, 1971). These Ordovician forms are closely related to evolu-
tionary advanced Late Cambrian Westergaardodina bicuspidata as they do
not display rudiments of medial denticle present in W. bicuspidate from
lower horizons of the Upper Cambrian. The presence of the denticle indi-
cates that W. bicuspidata evolved from the forms of the W. tricuspidata
type. Basal cavity of these two forms is rudimentary, extended along co-
nodont arms. Middle Cambrian W. muelleri, characterized by deep basal
cavity, represents a transitional link between the genera Westergaardodi-
na and Furnishina. Westergaardodina presumably originated through flat-
tening and bending of lateral margins of conodonts of the Furnishina type.
According to Druce and Jones (1971) Ordovician Chirognathidae originated
from tridentate primitive Westergaardodina through increase in number
of denticles. According to Sweet & Schoénlaub (1975) Chirognathidae are
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connected with Oulodus (Prioniodinidae).Chirognathidae and possibly af-
fined Coleodontidae are fairly abundant in the Caradocian of North Ame-
rica and Siberia. There are known some forms close to Chirognathidae.
characterized by solid, massive basal filling of a specific shape (Cullison,
1938; Mosher & Bodenstein, 1969; Moskalenko, 1972).

The morphology of typical Westergaardodina indicates that they armed
medial fissure in animal body.
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Fig. 1. Phylogenetic relationships between Cambrian and Ordovician conodonis (partly

after Druce & Jones, 1971). The data concerning stratigraphic ranges after Miiller

(1971). In the Furnishina-Westergaardodina-Chirognathus evolutionary line only sym-

metric elements are illustrated. According to Sweet & Schonlaub (1975) Chirognatus
is connected with Oulodus (Prioniodinidae).

2. Simple conodonts forming assemblage without oistodiform element (Pan-
derodontidae Lindstrom, 1970) — text-fig. 2. The genus Semiacontiodus
Miller, 1969, ranging from the Lower Tremadocian (Miller, 1969; Druce &
Jones, 1971) up to Upper Caradocian (Bergstrom & Sweet, 1966), is pre-
sumably the ancestral form of Panderodontidae. Semiacontiodus comprises



400 JERZY DZIK

both symmetric elements with three rounded ridges (text-fig. 13 1, m, p, u)
and asymmetric elements with oblique lateral ridge (text-fig. 13 g-k, q, t).
It evolved directly from Late Cambrian Oneotodus (Druce & Jones, 1971).
Morphological simplicity and the lack of oistodiform element in Semiacon-
tiodus appear to be original features. A very high variability in samples of
conodonts Semiacontiodus (text-fig. 13) indicates a remarkable number of
conodonts belonging to assemblage of a single animal.

Early Ordovician genus Scolopodus, characterized by asymmetric hyali-
ne conodonts only, presumably evolved from primitive Semiacontiodus via
forms descriked as Scolopodus quadriplicatus and S. gracilis by Druce &
Jones (1971).

A stratigraphically important genus Protopanderodus evolved from
Semiacontiodus through the development of sharp ridges and compressed
denticles and modification of all the elements into asymmetric. “Scolopo-
dus” asymmetricus Druce & Jones is the transitional form here. All the
elements of Protopanderodus are asymmetric and characterized by a high
inter-population and growth variability (text-fig. 16). No elements
with auxiliary lateral furrow were found in P. rectus assemblages of the
Early Arenigian age (Van Wamel, 1974). Such elements are known from
the Upper Arenigian (text-fig. 19b). Protopanderodus did not undergo any
distinct evolutionary changes during the Llanvirnian. Symmetric elem-
ents with two lateral furrows first appeared in the apparatuses of the Lan-
deillian age (Hamar, 1964; P. varicostatus Sweet & Bergstrom, text-fig. 2)
and they gradually forced out elements with single furrow. This resulted
in repeated development of symmetric elements. Elongation of base of all
the elements of the apparatus took place in upper horizons of the Carado-
cian and in Ashgilian (text-fig. 2, 16 h, k). Some independent lines of Pro-
topanderodus retain primitive morphology of conodonts during Caradocian,
Ashgilian and Llandoverian (Decoriconus Cooper, 1975).

The genus Drepanodus, another possible derivative of primitive Semia-
contiodus, comprises two principal forms of conodonts displaying a very
high variability of the continuous nature (text-fig. 17). Van Wamel (1974)
differentiated 4 forms of conodonts of D. arcuatus assemblage. Middle Or-
dovician Drepanodus differ from the Early Ordovician cnes in being more
massive and in ribbed denticles (text-figs 2, 17).

The genus Scalpellodus gen.n. comprises asymmetric conodonts with
flattened and sharpened posterior edge (text-fig. 14a-e). The onset of den-
ticulation in S. cavus (Webers) is sometimes marked in the form of slightly
visible bands of “white matter”. Several forms such as Semiacontiodus ca-
rinatus sp.n. and Scalpellodus (?Cornuodus) laevis sp.n. represent morpho-
logical links between the genera Semiacontiodus and Scalpellodus. Scalpel-
lodus latus evolved presumably from the most primitive Semiacontiodus
via Scalpellodus (?Cornuodus) longibasis or directly from Oneotodus.



EVOLUTION OF ORDOVICIAN CONODONTS 401

The genus Panderodus is characterized by lateral fissure reaching base
of the conodont (text-fig. 15). However, this feature is lacking in some
forms of conodonts in assemblage (text-fig. 15g, m). It may be considered
as homologous with lateral incision of the base, observable in some ele-
ments of Drepanodus (text-fig. 17d) and Scolopodus. Panderodus gracilis,
common in the Upper Ordovician and Silurian, displays a marked, rather
gradual evolution connected with increase in relative compression of some
elements and elongation of others (text-figs 2, 15q, b, e, f).

First Walliserodus, W. costatus sp.n. from the Lower Llanvirnian, ori-
ginated from Scalpellodus (?Cornuodus) longibasis through thickening of
fine longitudinal ribbing. Further evolution of the former was connected
with increase in height of rits at the expense of their number. Assembla-
ges of conodonts belonging to a single species comprise highly diverse types

ASHGILIAN

el (b e

SEMIACONT{0DUS

CARADOCI AN

LLANDEILO

LLANWIRMIAN

PANDERODUS

" PROTOPANDERODUS

rectus

Fig. 2. Evolutionary changes in some Panderodontidae between the Arenigian and.
Ashgillian. Only main types of elements are illustrated.
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of elements; those characterized by the maximum number of ridges are
the most important for taxonomy.

Typical Belodina occurs in subordinate amounts in the Ashgilian of
the Baltic region (Bergstrém & Sweet, 1966). The presence of lateral fis-
sure (text-fig. 14g) indicates close affinity with Panderodus. Denticulation
repeatedly occurred in forms close to Panderodus (e.g. in evolutionary line
of the genus Belodella; see text-fig. 14f). The similarity of some elements
of Belodina to oistodiform elements of Distacodontidae is superficial and
convergential.

The affinities of Strachanognathus parvus Rhodes (text-fig. 14i-k) and
Histiodella serrata Harris (text-fig. 12d) are not clear.

A high variability and marked continuity of morphological transitions
within natural assemblage suggest that the conodonts of the family Pande-
rodontidae did not form apparatuses with small number of elements but
they rather represented dermal denticles covering the surface of animal
body.

3. Simple flattened conodonts with oistodiform elements in the assemblage
(Distacodontidae Bassler, 1925) — text-fig. 3. Form-species Proconodontus
carinatus and Oistodus cambricus may belong to Drepanoistodus. They
appeared in Notch Peak Limestone (Utah) earlier than Tremadocian Cor-
dylodus (Miller, 1969). Drepanoistodus apparatus contains a few types of
asymmetric simple elements which may be homologized with elements of
branched conodonts, as well as symmetric and oistodiform elements (text-
-fig. 19). The most primitive species of this genus, D. inaequalis (Pander),
has oistodiform element resembling simple asymmetric elements (Van Wa-
mel, 1974). Full morphological transitions between some elements of the
apparatus of D. suberectus are known which would suggest that also at
least some conodonts of Distacodontidae were dermal denticles covering
animal body. The differences between the two types of oistodiform ele-
ments increased during the Arenigian and Early Llanvirnian. I have not
found any asymmetric elements with sharp lateral ridge in assemblages
of Drepanoistodus from the strata younger than the Arenigian. However,
a very similar element was illustrated from Llandeillian (Pratt Ferry For-
mation) by Sweet & Bergstrom (1962). At the present stage of knowledge
of conodonts of the genus Drepancistodus I do not see any possibility of
clear differentiation of species D. forceps, D. basiovalis and D. suberectus,
contrary to the point of view of Lindstrém (1971).

Genus Paroistodus (text-fig. 3, 18¢, -h) originated as an off-shoot Dre-
panoistodus in the earliest Arenigian as a small evolutionary line charac-
terized by partial inversion of conodont basal cavity. Paroistodus had
“apparatus” consisting of two types of asymmetric elements only and it
became extinct before the end of Arenigian.
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The genus Paltodus (allocated in Drepanoistodus by Van Wamel, 1974)
is characterized by asymmetric elements with sharp lateral ridges and dif-
fering from Drepanoistodus in less differentiated apparatus. Paltodus in-
constens (Lindstrém) presumably evolved from D. inaequalis, retaining
primitive morphology of oistodiform element and having also a symmetric
element in the apparatus (Van Wamel, 1974). Llanvirnian “apparatuses”
assigned here to that genus contain asymmetric elements only (text-fig.
18e-f). Morphology of these elements was retained at least till the Llandeil-
lian (Sweet & Bergstrom, 1962: Oistodus ? n.sp.). The evolution of oistodi-
form element was connected with elongation of denticle and decrease in
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Fig. 3. Phylogeny of Distacodontidae and homologization of main types of elements.
Structure of apparatuses of D. inaequalis and P. amoenus after Van Wamel (1974)
and that of D. suberectus after Bergstrom & Sweet (1966). Reconstruction of com-
position of the “apparatus” of P. semisymmetricus based on scarce data.
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angle between the denticle and the base (text-fig. 3). “Drepanodiform”
element retains lateral ridges shifted backward whereas its base increases
in length and the angle of curvature of denticle decreases. The material is
too scarce for any reliable reconstruction of the apparatus.

4. Simple conodonts yielding elements with high lateral ribs and oistodi-
form elements in the assemblage (Oistodontidae Lipdstrom, 1970) — text-
-fig. 4. Conodonts belonging to this family have apparatus identical in com-
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Fig. 4. Phylogeny of Oistodontidae (partly after McTavish, 1973). From the left to the
right: prioniodiform, keislognathiform, cordylodiform, trichonodelliform, tetraprio-
niodiform and oistodiform elements,
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position as that of primitive Prioniodontidae (see McTavish, 1973). Accor-
ding to Lindstrém (1971) and McTavish (1973) there are differences in the
microstructure as Oistodus and Scandodus are hyaline. However, the de-
gree of development of “white matter” was shown to be highly variable
even at the population (sample) level (see also Barnes, Sass & Monroe,
1973) in several conodonts therefore it cannot be regarded as of any grea-
ter importance for the taxonomy.

Oistodus lanceolatus Pander (text-fig. 23a-b) is identical (text-fig. 4)
as Protoprioniodus simplicissimus McTavish (? = Oelandodus elongatus
(Lindstrom) Van Wamel, 1974) in structural pattern and almost identical
in the morphology. Protoprioniodus and Oistodus do not seem to be homeo-
morphs because of stratigraphic proximity, but rather closely related. The
evolution from Scandodus tetrahedron (Lindstrom) to Protoprioniodus sim-
plicissimus McTavish was discussed by McTavish (1973) (see text-fig. 4) It
was connected with development of Oistodus-type incision on all the ele-
ments.

Triangulodus brevibasis (Sergeeva) closely resembles Acodus deltatus
Lindstrém in composition of the apparatus and morphology of conodonts
(text-figs 4, 22a-e). The former most probably evolved from the later via
Triangulodus subtilis Van Wamel. In the Llanvirnian there appears Trian-
gulodus alatus sp.n. with strongly widened basal ridges (text-fig. 22f-k,
pl. 1), which presumably originated from S. brevibasis. However, its direct
connections with the most primitive branched conodonts are not excluded.
Distomodus ? tamarae Lindstrom, Rachebeauf & Henry, 1974, is presu-
mably another representative of Triangulodus.

5. Branched conodonts comprising a few types of asymmetric elements
with three branches in the assemblage (Prioniodontidas Bassler, 1925 —
text-figs. 5, 6, 7. Prioniodus navis Lindstrom (text-fig. 24) appears so simi-
lar to P. elegans Pander (see Bergstrom, 1971) in structural pattern and
morphology that a close affinity between them seems to be beyond any
doubt. Prioniodus elegans differs from P. navis in lower differentiation of
three-branched asymmetric elements (text-fig. 5). Prioniodus navis, as in-
terpreted by Van Wamel (1974), presumably comprises some transitional
species.

There is no unequivocal evidence for the sequence in which conodonts
occur in Prioniodus apparatus. They form a distinct morphological series
from three-branched elements with branches set at obtuse angle and
with widened base (amorphognathiform), through three-branched element
with steeply inclined branches (prioniodiform = ambalodiform) or tree-
-branched flattened element to two-branched element (gothodiform = li-
gonodiform). The “apparatus” also comprises four-branched asymmetric
(tetraprioniodiform), three-branched symmetric (roundiform = trichonodel
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liform) and asymmetric oistodiform (= falodiform) elements. Keislognathi-
form and ligonodiniform elements became completely similar in the Late
Llanvirnian (text-fig. 27). Transformation of amorphognathiform and am-
balodiform elements in massive platform element proceeded asynchroni-
cally: in this case the similarity of elements did not increase but decreased.
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Evolution in direction of development of platform elements took place not
before the end of reduction of third branch of the keislognathiform ele-
ment (text-fig. 5). This was accompanied by an increase in differences
between shape and size of platform (amorphognathiform and ambalodi-
form and branched elements (text-fig. 29). The number of forms of ele-
ments, which is difficult to establish because of the intra-population varia-
bility, is presumably under-estimated in the schemes presented here.

Llanvirnian Spinodus spinatus (Hadding) is close to the most primi-
tive Prioniodontidae. Despite of the above mentioned differences in micro-
structure this species may be related to hyaline Multioistodus as the struc-
tural patterns of the apparatuses are identical (see Lindstrom, 1964).

The apparatus of Amorphognathus is fully homological with that of
Prioniodus. Prioniodus navis, the range of which overlaps with the range
of the oldest species of the former, A. variabilis, is characterized by ele-
ments most similar to those of the former in morphology (text-fig. 6).
The differences concern additional branch developed on amorphognathi-
form element of A. variabilis. The evolution from one species to another
presumably proceeded in the same way as in the case of the development
of platform element in Prioniodus gerdae, i.e. through onset of denticula-
tion on widened basal shelf of amorphognathiform element. The genus
Amorphognathus lived only in earlier part of the Kunda stage in the Baltic
region as only Eoplacognathus elements are found in upper part of the
Kunda stage. In the Upper Llanvirnian there are, however, found single
elements of the genus Amorphograthus which presumably immigrated
from the south-west (this genus occurs throughout Llanvirnian stage in
Mobjcza limestone) (text-fig. 31d, g, h, and k). These elements retained pri-
mitive four-branched amorphognathiform element despite of often swollen
upper margin of upper branch. The species 4. inaequalis known from the
Llandeilo Limestone (England) and Méjcza Limestone (Poland) displays on-
set of denticulation on that swollen margin (text-figs 6, 31 I-c). This resul-
ted in origin of the fifth branch which became progressively more elonga-
ted during the Caradocian and Ashgillian (text-fig. 6). The intra-population
variability precludes differentiation of closely related species on the basis
of single amorphognathiform elements. The amorphognathiform elements
of evolutionary advanced species of Amorphognathus differ within a pair
(Bergstrom, 1971). According to Viira (1974) ambalodiform elements did
not form symmetric pair.

The oistodiform (holodontiform) element is the most sensitive index of
evolutionary advancement of Amorphognrathus. The evolution of that ele-
ment proceeded mainly through increase in number and size of denticles as
well as modification of lateral swelling of the base into denticulated
branch,
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The genus Eoplacognathus presumably evolved from Amorphognrathus
variabilis Sergeeva. The transition from the former to the latter was pro-
bably related to reduction of branching elements of the apparatus so only
platform remained. The morphology of platform elements is initially al-
most the same in E. zgierzensis sp.n. and 4. variabilis Sergeeva (text-fig.
31). The differences in morphology, steadily increasing along with evolu-
tion, involve a marked elongation of lower branch of amorphognathiform
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element and lateral-posterior branch of ambalodiform element of Eopla-
cognathus (text-fig. 7).

Amorphognathiform elements are highly variable in morphology thus
it is very difficult to state whether they were originally symmetric or
asymmetric. The only fairly stable and distinct trend in their evolution is
that involving shifting of upper branch from upper-posterior position in
E. pseudoplanus and E. suecicus through almost vertical in E. foliaceus to
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Fig. 7. Phylogeny of the genera Eoplacognathus and Pygodus (partly after Bergstrom,
1971). Comparison with the genus Polonodus. Amorphognathiform and ambalodiform
elements (left and right in the case of Eoplacognathus).

7 Acta Palaeontologica Polonica N° 4/76
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upper-anterior in E. reclinatus, which was followed by elongation of that
branch (text-fig. 7). The occurrence of a small, lower-posterior projection
on upper branch is highly variable. In the course of the evolution of amba-
lodiform elements of E. pseudoplanus, almost symmetric elements (text-fig.
35) became progressively more asymmetric. The left element retained its
T-shape whereas the right achieved Y-shaped pattern of branches. Eopla-
cognathus lindstroemi displays partial revival of symmetry as both amba-
lodiform elements become Y-shaped. Some samples, as e.g. E-085 yield
fully symmetric ambalodiform elements (text-fig. 33e-g).

The evolutionary position of the species Polonodus clivosus (Viira),
occasionally found in the Middle Kunda stage (similar form is known from
Table Head Formation of Newfoundland — Fahraeus, 1970), is not clear
(text-fig. 29¢, d; pl. 43, fig. 1la-b). The ornamentation comprising radial and
concentric rows of tubercles brings it close to Early Cambrian Tommotia
(probably acrotretid brachiopod). However, similar ornamentation is ty-
pical of early ontogenic stages of Eoplacognathus. Despite the lack of
knowledge of composition of the natural assemblage I assume that this
form evolved from the most primitive Eoplacognathus similar to those
described as “Eoplacognathus suecicus” by Barnes & Poplawski (1973).

Similar problems are conneeted with interpretation of the evolutionary
position of the genus Pygodus (text-fig. 7, 29a, b, e, f). The occurrence of
the two elements, one of which is almost identical as primitive ambalodi-
form element and another morphologically close to amorphognathiform
element, may indicate connections between the genus Pygodus and the ge-
nera Amorphognathus, Eoplacognathus and Polonodus. According to Berg-
strom (1971) the apparatus of Pygodus may also comprise elements of the
tetraprioniodiform and trichonodelliform (Roundya) type. In the course of
evolution the number of rows of tubercles increased in amorphognathiform
element and angle of opening of arms increased in ambalodiform element
(Bergstrém, 1971). These evolutionary trends may indicate increasing se-
paratness from original morphology of elements of apparatus of affined
Prioniodus.

Rhodesgnathus elegans polonicus n. ssp., occurring in Prioniodus gerdae
zone of Mojcza Limestone, has apparatus consisting of only two types of
platform elements. The elements morphologically closer to P. gerdae achie-
ved denticulation on lateral swellings on the basis of both elements. It is
highly probable that R. elegans evolved from P. gerdae.

Complexodus pugionifer (Drygant, 1974) from the Llandeillian may
be related to primitive Icriodontidae. Its apparatus comprises amorphog-
nathiform elements only. The origin of that species is not clear. The species
is morphologically similar to primitive species of the genus Amorphognat-
hus, differing in not thickened margins of basal cavity (typical of platform
Prioniodontidae elements); and the elements became more massive through
widening and doubling of denticles as in Icriodella.
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6. Conodontis having amorphognathiform elements with multiple rows of
denticles on anterior (?) branch in the apparatus (Icriodontidae Miiller &
Miiller, 1957). The oldest representative of that family, Icriodella superba
Rhodes, has apparatus consisting of massive amorphognathiform (icriodi-
form) element with double row of tubercles on anterior (?) branch (text-
fig. 25k) of simplified ambalodiform (sagittodontiform) and two types of
branching elements (symmetric and asymmetric, rhynchognathiform). The
direct ancestor of I. superba — I. praecox Lindstrém, Racheboeuf & Henry,
1974 (the lowermost Llandeillian as it would follow from its cooccurrence
with A. kielcensis) — did not achieve doubled rows of denticles whereas all
the remaining elements are similar to that of I. superba. Therefore it seems
to be better accomodated in the genus Prioniodus.

The trend to decrease in number of elements is typical of the evolution
of Icriodontidae. It was as a rule accompanied by simplification of all the
remaining types of elements except for the amorphognathiform type.

7. Conodonts having two-branched ozarkodiniform and oistodiform ele-
ments in the assemblage (Periodontidae Lindstrom, 1970) — text-fig. 8-9.
Periodontidae presumably evolved from Drepanoistodus of the D. inaequa-
lis group. Van Wamel (1974) found transitional undenticulated elements in
the oldest populations of Periodon flabellum. Denticulation of the margin
developed in Periodon earlier and independently from that of Prioniodon-
tidae (McTavish, 1973). Periodon adentatus (McTavish) is presumably the
oldest representative of Periodontidae, appearing somewhat earlier than
»Acodus” deltatus in Emanuel Formation (Australia; McTavish, 1973). The
denticulation on lateral branches of trichonodelliform and plectospathodi-
form (cladognathiform) elements and anterior margin of ozarkodiniform
element must have appeared before origin of chronologically later species
of Periodontidae — Periodon flabellum. The evolutionary line of the genus
Periodon displays reduction of lateral branches of both symmetric and
asymmetric plectospathodiform three branched elements and development
of denticulation on anterior margins of ozarkodiniform and oistodiform ele-
ments (text-figs 8, 39). This trend was slowly realized till the end of Ca-
radocian.

In the evolutionary line of the genus Microzarkodina the reduction
affected medial branch of symmetric and plectospathodiform elements, and
the latter became more asymmetric. The development of denticulation of
anterior margin of ozarkodiniform element is also marked hers (text-figs
9, 40).

Forms intermediate between Microzarkodina and Phragmodes are
found in Upper Llanvirnian and Llandeillian of Méjcza limestone (text-fig.
9, 35m-0). They differ from Microzarkodina ozarkodelle in additional la-
teral branch on ozarkodiniform element.

T*
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8. Conodonts having only two-branched and oistodiform elements in the
apparatus (Cyrtoniodontidae Hass, 1959). The uppermost part of Méjcza
Limestone (from the P. gerdae zone upwards) yields occasional elements of
apparatus resembling Phragmodus (text-fig. 4). The most characteristic of
these is Hamarodus europaeus (Serpagli) (text-fig. 36a, e). The material is

LLANDEI LO | CARADOC [AN

LLANWIRNIAN

ARENIGIAN

PERIODON FLABELLUM Lindstrim

Fig. 8. Stratigraphic sequence of species of the genus Periodon. From the left to the
right: ozarkodiniform, (two types), plectospathodiform, cordylodiform (two types),
trichonodelliform and oistodiform elements.

too innumerous for reconstruction of the whole apparatus. However, these
elements occur together also in other regions (Rhodes, 1955; Walliser, 1964;
Serpagli, 1967; Viira, 1974), therefore it is highly probable that they belon-
ged to a single apparatus. Particular elements may be easily hemologized
with those of Phragmodus sp. Moskalenko (1972) from the Volginsky sub-
horizon of Siberia (an equivalent of the Llandeillian). Hamarodus euro-
paeus presumbaly evolved from Phragmodus sp. Moskalenko and “Scan-
dodus” manifestus Moskalenko from the Mangazeisky horizon of Siberia
may represent a transitional stage.

The genus Oulodus (Prioniodinidae Bassler, 1925) evolved from Perio-
dontidae (from forms close to Periodon flabellum). It differs from Micro-
zarkodina in transformation of oistodiform into neoprioniodiform ele-
ment only. Sweet & Schénlaub (1975) postulated derivation of Oulodus
from Chirognathidae. However, composition of chirognathid natural as-
semblage (Webrrs, 1966) is strongly different from that of Oulodus. Oulo-
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dus (?) flexus is probably the most primitive and oldest species in this ge-
nus. Single elements of its apparatus were described by Rhodes (1953)
from the Llandeilo Limestone. Pericdontidae are connected with all post-
-Ordovician branching conodonts via that genus. I suppose that Ligonodina
(Prioniodinidae) evolved directly from Oulodus through transformation of
cordylodiform element into hindeodelliform (ligonodiniform) element and
differentiation of ozarkodiniform elements. Ozarkodina (Spathognathodon-
tidae) differs from Prioniodinidae in having different shape of ozarkodini-
form and hindeodelliform elements.
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Fig. 9. Stratigraphic sequence of species of the genus Microzarkodina and compari-

son with the species Periodon flabellum and Phragomodus sp. From the left to the

right: ozarkodiniform, plectospathoditoform (two types), trichonodelliform, cordylo-

diform and oistodiform elements. Orientation of neoprioniodiform and trichonodelli-
form elements different of that from text-fig. 8. -

ORGANIZATION OF THE “APPARATUS” OF BRANCHING CONODONTS

There are no finds which could enable reconstruction of arrangement
of Ordovician conodonts in the “apparatus”. However, the arrangement
may be reconstructed on the basis of indirect evidence, i.e. homologization
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of the elements of Ordovician assemblages with those of geologically youn-
ger assemblages with the known structural pattern.

Several conodont “apparatuses” were found in the Silurian, Devonian,
Carboniferous and Permian strata (Rhodes, 1952; Lange, 1968; Pollock,
1969, Behnken, 1975). The majority of them are of coprolite origin and the
original arrangement of conodonts is obliterated. Some of them are, ho-
wever, slightly deformed and they may serve as a basis for reconstructing
original arrangement of conodonts in the apparatus. This is especially the
case of Ozarkodina steinhornensis illustrated by Mashkova (1972) and
“Scotella typica” illustrated by Rhodes (1952) (text-fig. 10b, ¢). The mutual
arrangement of the conodonts in the apparatus may be interpreted only in
one way (see text-fig. 10a). The conodonts were set in pairs with their den-
ticles turned inwards. The sequence of the elements was as follows: plat-
form (polygnathiform) pair, ozarkodiniform pair, plectospathodiform pair,
three hindeodelliform pairs and neoprioniodiform pair. The sequence of
occurrence of the plectospathodiform and hindeodelliform elements which
are very similar to each other in higly advanced species and usually bro-

“ken, is not clear. The apparatus of Mashkova (1972) is oblique-laterally
deformed (text-fig. 10c¢) and that of Rhodes (1952 — oblique-medially de-
formed (text-fig. 10b). This reconstruction of the apparatus of Conodonto-
phorida is different of those hitherto presented (see Lindstrom, 1974).
Trichonodelliform elements, although common in coprolites, were not
found in any of the complete apparatuses hitherto recorded. These ele-
ments presumably occupied an isolated position in the animal body, acting,
e.g., as an armament of medial fold of fin. There were at least two tricho-
nodelliform elements in the apparatus as they became differentiated into
two types of elements in Late Paleozoic and Triassic conodontophorids.
It issue also from statistical data.

The data concerning undisturbed fragments of apparatuses occurring
in the form of “clusters” (Pollock, 1969) suggest that the above discussed
model is matched by the apparatuses of both Ozarkodina and Ligonodina
types. Therefore it may be expected that the apparatus of Periodontidae,
i.e. the ancestors of Ozarkodina and Ligonodina, had similar structural pat-
tern. Elements homologous to Ozarkodina elements were also set parallel
to one another in a definite succession. The data on quantitative relations
of the types of elements of Microzarkodina apparatus (Marsal & Lindstrém,
1972) indicate that its structure was identical as that of Ozarkodinae appa-
ratus, providing that homologization of elements accepted here is correct.

A similar gradient from platform to this branching conodonts is found
in the apparatuses of Prioniodontidae (text-figs 5-6). The arrangement of
elements could have been here the same as in Ozarkodina. I could not
carry out a reliable homologization of apparatuses of Prioniodontidae with
those of Periodontidae. Prioniodiform (amorphognathiform + ambalodi-
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form) elements are probably homologous with ozarkodiniform (polygnathi-
form + ozarkodiniform) elements of Ozarkodina whilst tetraprioniodiform
element — with plectospathodiform, keislognathiform, and cordylodi-
form — with hindeodelliform ones, and oistodiform — with neoprioniodi-
form ones. The data available show that trichonodelliform elements occur-
red in subordinate amounts in Prioniodontina “apparatuses” which is in
contradiction with the data presented by Marsal & Lindstrom (1972).

i

Fig. 10. Pattern of apparatus of Ozarkodinina n. subordo, a reconstruction of appa-

ratus of Ozarkodina confluens (Branson & Mehl); succession of elements: neoprionio-

diform, three hindeodelliform, plectosptahodiform, ozarkodiniform and polygnathi-

form elements; right part omitted; b apparatus of Idiognathodus (?) sp. after Rhodes

(1952, pl. 126, fig. 11); c apparatus of Ozarkodina steinhornensis (Ziegler) after
Mashkova (1972, pl. 1).
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A high differentiation in hydrodynamic properties of apparatus ele-
ments results in deformation of numerical ratios in the majority of samp-
les. This results in limitated reliability of the reconstructions made using
statistical techniques.

The pairs of conodonts set together commonly found with interfinging
blades as well as the above reconstruction seéem to indicate biting function
of the conodont apparatus. On the other hand numerous examples of re-
generation of broken denticles indicate that the conodonts were covered
with epithelium throughout the development which is also supported by
the results of studies on their microstructure. Despite all the objections
against the biting or chewing function of conodonts of the suborder Ozar-
kodinina it is worth to note that the degree of abrasion of denticles depends
on several factors such as: (1) hardness of food, {2) hardness of the tooth,
(3) time of functioning and (4) the mode of functioning (biting, chewing,
crushing). The conodonts are equally resistant to abrasion as tooth of ver-
tebrate (similar mineral composition). The Conodontophorida presumably
lived on fine planktonic organisms; therefore, providing that the conodonts
were used for a relatively short time their filtering-holding-and-chewing
(linear differentiation of the conodonts within the apparatus) function is
not excluded. This function would explain a heavy selective pressure and
differentiation of evolutionary trends of particular elements of the appa-
ratus.

Irrespective of the function of Ozarkodinina it is almost certain that
they were arming fissure-like medial (!) structure in animal body. Strictly
bilateral symmetry of that fissure (not invalidated by asymmetry of some
elements of the apparatus) precludes its interpretation as lateral branchial
fissures which, as a rule, are asymmetric. Therefore, most probably the
conodonts were arming mouth opening. Some of the oldest Chordate (Anas-
pida and some Ostracodermi) presumably had fissure-like mouth.

AFFINITIES OF CONODONTOPHORIDA

The only group of conodonts, which may be supposed to be directly
affined with Agnatha or Pisces are Panderodontidae. Continuous morpho-
logical transitions between forms of elements of natural assemblages of
these conodonts suggest that they did not belong to highly specialized ap-
paratuses consisting of innumerous elements. Their function was presu-
mably analogous if not homologous with that of dermal denticles of Thelo-
donti and fishes. The tissue of the conodont cusp, growing from the outside
and with compact microstructure, may be homologous with enamel of ver-
tebrate teeth (see Barnes, Sass & Poplawski, 1973; Lindstrom & Ziegler,
1971). The mode of growth of the conodonts indicates their ectodermal
origin. It is not surprising, therefore, that their tissue differs from that of
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dentine of Heterostraci (Gross, 1954) which is of mesodermal origin. Only
the “basal filling” tissue, growing to the inside and thus probably of meso-
dermal origin, may be homologized with the dentine. This tissue resembles
dentine also in spherulitic microstructure (see Lindstrom & Ziegler, 1971,
pl. 7, fig. 6; Halstead, 1974, fig. 11.4) and in its canals (Barnes, Sass &
Poplawski, 1973, fig. 5e). It follows that the structural patterns of Pande-
rodontidae conodonts and dermal denticles of Agnatha are markedly simi- -
lar. The differences are related to markedly higher contribution of meso-
dermal dentine in tooth of Agnatha as typical conodonts are almost exclusi-
vely of ectodermal origin. The lack of any sharp boundary between ena-
mel and dentine probably results from delay in calcification in the course
of histogenesis (see Kerr, 1955) and penetration of the enamel by Tomes
processes of the odontoblasts (see Schmidt & Keil, 1971, fig. 287).

I do not agree with Bengtson’s (1976) suggestion on homology between
tissue of Cambrian Furnishina cusp and basal filling tissue of geologically
younger conodonts. Basal filling tissue has been originating at the later sta-
ge of organogeny and seems to be also phylogenetically younger than the
tissue of conodont cusp. The mode of origin of Furnishina cusp is much
more similar to that of other conodonts than to that of basal filling tissue.
If denticles of Hertzina were actually growing by basal internal accretion
then their affinity to conodonts is doubtful.

The conodont-bearing animal, Odontogriphus omalus, described from
the Middle Cambrian of Burgess Shale by Morris (1976), probably belongs
to Agnatha. Segmented medial part of the body and darkcoloured lateral
ends of the segments strongly resemble branchial sacs of early Heterostraci
(Turinia, Lanarkia, Logania etc). Tail, narrow as far as visible, and rema-
ins of lateral sensory organs marked on the head support this supposition.
The analogy between oral apparatus of that organism and the lophophore is
superficial. All the representatives of Lophophorata are sedentary forms
and the development of lophophore evidences adaptation to sedentary mo-
de of life. Internal skeleton in the lophophore tentacles would be function-
less.

THE OUTLINE OF EVOLUTION OF CONODONTOPHORIDA

The mode of origin of new branches in Prioniodontidae conodonts
(text-fig. 5) indicates that mineral parts of conodonts were closely related
to the pattern of skin folds on animal body. The meodifications of these
folds were preceding modifications of conodonts. Thus it may be conclu-
ded that Early Cambrian conodonts originated as an armament of already
existing dermal projections. The mode of growth of primitive Cambrian
conodonts (Miiller & Nogami, 1972) seems to indicate that the primitive
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conodonts were not completely covered with epithelium throughout the
growth.

The typical Cambrian Westergaardodinidae persisted till the end of
Llanvirnian without any greater changes (text-fig. 1).

The conodonts with long massive denticle and shallow basal cavity, ty-
pical of the Ordovician, appeared at the turn of the Cambrian and Ordovi-
cian. Conodonts of that group (Panderodontidae) often yield both symmet-
ric and asymmetric elements in the assemblage. In several evolutionary li-
nes the symmetric element disappeared and denticulation developed. Only
genera Panderodus (= Dapsilodus Cooper, 1976), Protopanderodus (= De-
coriconus Cooper, 1975) and Walliserodus (asymmetric elements only), ha-
ve passed the Ordovician-Silurian boundary. The descendants of first lived
till the Middle Devonian. Elements of assemblages of that group form series
with continuous transitions, similar to that of dermal denticles of sharks
(see Reif, 1974). Conodonts of these assemblages were presumably covering
the whole body of animal. Forms closely resembling thelodonts in shape
are very common here (Moskalenko, 1972). The microstructure is somewhat
similar to that of Heterostraci (Barnes, Sass & Monroe, 1973). Therefore the
eventual connections between conodonts and Agnatha should be looked for
here.

The primary conical conodonts yielding symmetric elements in the ap-
paratuses gave rise to later branched conodonts. The development of asym-
metric, blade-like oistodiform element with incision below the main den-
ticle was an important event in the history of that group. The evolutionary
branch of forms characterized by the assemblage comprising both oistodi-
form element and simple, sharp-ridged (Distacodontidae) elements conti-
nued till the end of the Caradocian (text-fig. 3). Some forms (Paltodus, Pa-
roistodus) secondarily have lost their symmetric elements. These conodonts
were presumably numerous, covering the surface of animal body. In one
group the ridges were modified into fine, high crests (Oistodontidae). Such
forms lived till the end of Llanvirnian (text-fig. 4). Prioniodontidae origi-
nated through the development of denticulation on such crests (McTavish,
1973). Numerous elements in their assemblages were also covering the sur-
face of animal body; however, they display distinct functional differentia-
tion indicating that at least a part of them were arranged in the apparatus.
Two types of massive three-branched elements (amorphognathiform and
ambalodiform) displayed a trend differentiation from that of the remaining
ones, connected with increase in size and complexity (text-fig. 5). This
trend was realized independently at least four times in the evolutionary
lines of Prioniodus (text-fig. 5), Amorphognathus (text-fig. 6), Complexo-
dus (text-fig. 2561) and Icriodella (text-fig. 25k) a special attention should
be paid to the evolution of Icriodella. The genus (Llandeillian-Caradocian),
which presumably evolved from Prioniodus, has an apparatus consisting of
a few types of branching elements and single platform (amorphognathi-
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form) element with doubled row of tubercles (Bergstrom & Sweet, 1966;
Lindstréom, Racheboeuf & Henry, 1974). In the Early Silurian a part of
forms displayed a trend to increase lateral arms of platform element, ac-
companied by simplification of the remaining branching elements resulting
in external similarity to primitive Early Ordovician Scolopodus (Pelekysg-
nathus, see Klapper & Philip, 1972). In other groups only one arm of plat-
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Fig. 11. Phylogenetic relationships between the families of Conodontophorida. Homo-

logization of apparatuses within Ozarkodinina subordo n. and Prioniodontina subordo

n. The family Panderodontidae may be allocated in the suborder Westergaardodinina

despite of differences in microstructure, Family Cyrtoniodontidae sensu Sweet &

Bergstrom 1972 is polyphyletic and can be divided into Periodontidae (Phragmodus)
and Prioniodinidae (Oulodus).

form element enlarges whereas the other undergo complete reduction
(Icriodus).

Denticulation of conodont arms developed independently in Prioniodon-
tidae and Periodontidae. All the remaining conodonts (Ozarkodinina subor-
do n. evolved from the latter. In the evolution of Ozarkodinina there are
marked trends to differentiation of two-branched element, modification of
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three- into two-branched elements (trichonodelliform) and to transforma-
tion of the remaining ones (first oistodiform and later cordylodiform ele-
ments). The resulting apparatus, in which the modifications were almost
exclusively limited to the platform element, persisted to the Late Triassic
times. Somewhat more conservative apparatus of Ligonodina (Prioniodini-
dae) persisted till the end of the Carboniferous (Baeseman, 1973) (text-fig.
11).

REGULARITIES IN EVOLUTION OF CONODONTS

The occurrence of morphological gradient in serially arranged cono-
donts is the common phenomenon in evolution of that group. The most in-
tensive evolutionary changes are polarly introduced and successively
spread from the most rapidly evolving element on the adjoining ones
(text-fig. 5—6). Besides the above examples of the evolution of that type
in Prioniodontidae there are several examples from the post-Ordovician
history of platform apparatuses. The trend to increase in robustness, best
displayed by the first (polygnathiform) element of the apparatus, is subse-
quently displayed by the successive ozarkodiniform element which beco-
mes platform in some evolutionary lines (e.g. “Notognathella” — Mesotaxis
ozarkodiniform element — see Klapper & Philip, 1971). Similarly, the
trend to extension of arms of hindeodelliform element gradually affects
plectospathodiform element (Mashkova, 1972). This phenomenon is inter-
preted here as the result of differences in distance of conodonts belonging
to the apparatus from the centers of embrional induction (organizers). Evo-
lution in action of an organizer is marked with the intensity directly pro-
portional to spatial or physiological distance of an element of apparatus
and it radiates on the adjoining elements. This mechanism originated be-
cause of polar differentiation of functions within the apparatus. Indepen-
dent evolution of element assemblages within the apparatus indicates com-
plexity of its organogenesis and genetic control of numerous gene assem-
blages. A marked and selectively controlled asymmetry of elements of
Eoplacognathus apparatuses may be related to the effect of spatial arran-
gement (in occlusion position) of dermal folds on which conodont originates
on the organogenesis or asymmetric spatial arrangement of structures in-
ducing organogenesis of these conodonts. In evolutionary lines characteri-
zed by increase of complexity of conodont structure the juvenile stages ot
the ontogeny recapitulate features of the ancestral forms. This is well-dis-
played by the organogenesis of Amorphognathus. I have found the same
phenomena in the organogenesis of platform element of Silurian species
Ozarkodina confluens. The recognition of such regularity may be highly
useful for further studies on the phylogeny.
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DIAGNOSES OF NEW TAXA

Genus Semiacontiodus Miller, 1969

Type species: Acontiodus (Semiacontiodus) nogamii Miller, 1969.
Semiacontiodus carinatus sp.n.
(text-fig. 13m-o0; pl. XLlI, fig. 5, 6)

Holotype: ZPAL C.VI/1-069, text-fig. 13k.

Type locality: Erratic boulder E-143, Miedzyzdroje, NW Poland.
Type horizon: Upper Llanvirnian, Eopl. reclinatus Zone.
Derivation of the name: carinatus (Lat.) — keeled.

Diagnosis., — Semiacontiodus with sharpened posterior margins of symmetric
and asymmetric conodonts.

Material. — Thirty specimens.

Occurrence. — Upper Llanvirnian, erratic boulders from Poland.

Genus Scalpellodus nov.

Type species: Protoponderodus latus Van Wamel, 1974.

Derivation of the name: scallpellum (Lat.) — penknife,

Diagnosis. — Only asymmetric conodonts with flattened and posteriorly sharpe-
ned denticle. A trend to development of denticulation.

Species assigned: S. (?) laevis sp.n., panodus longibasis Lindstrom, 1955, Pro-
topanderodus latus Van Wamel, 1974, Drepanodus cavus Webers, 1966.

Occurrence. — Upper Llanvirnian to Caradocian of the Baltic region (Sweden,
Estonia, Poland) and N. America.

Remarks. — Differs from closely related genus Panderodus in the lack of lateral
fissure.

Scalpellodus (? Cornuodus) laevis sp.n.
(text-fig. 13a-c; pl. XLI, fig. 1)

Holotype: ZPAL C.VI/1-008, text-fig. 13a.

Type locality: Erratic boulder E-081, Mochty, Central Poland,

Type horizon: Middle Llanvirnian, Eopl. foliaceus Zone.

Derivation of the name: laevis (lat.) — smooth.

Diagnosis. — Funnel-shaped, with oval base, and denticle strongly bent and la-
terally flattened in medial and apical parts.

Material. — Over 30 specimens.

Occurrence. — Middle Arenigian (Volkhov) to Uppermost Llanvirnian. Baltic
region.

Remarks. — Very primitive form of uncertain generic status. From Cornuodus

erectus Fahraeus differs in lack of lateral — posterior ridges.

Genus Walliserodus Serpagli, 1967
Type species: Paltodus debolti Rexroad, 1967.

Walliserodus costatus sp.n.
(text-fig. 14m, n; pl. XLI, fig. 2)

Holotype: ZPAL C. VI/1-307; text-fig. 14 m.
Type locality: Mojcza near Kielce, Central Poland.
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Type horizon: Lower Llanvirnian.

Derivation of the name: costatus — ribbed.

Diagnosis. — Conodonts morphologically close to Panderodus gracilis, differing in
numerous sharp ridges on lateral surfaces.

Material. — Six specimens.

Occurrence. — Lower Llanvirnian of Poland.

Genus Belodella Ethington, 1959
Type species: Belodus devonicus Stauffer, 1940.

Belodella serrata sp.n.
(text-fig. 14f, pl. XLI, fig. 3)

Holotype: ZPAL C.VI/1-021, text-fig. 14f.

Type locality: Erratic boulder E-141, Miedzyzdroje, NW Poland.
Type horizon: Upper Llanvirnian, E. reclinatus Zone.
Derivation of the name: serrata (Lat.) — serrate.

Diagnosis. — Conodonts with serrate posterior margin and with thin, apical part
of denticle bent in the middle.

Material. — Five specimens.

Occurrence. — Upper Llanvirnian, erratic boulders from Poland.

Remarks. — Conodonts almost identical in morphology as S. longibasis from

which they evolved. They seem not related to Silurian Panderodus also characterized
by serrate margin.

Suborder Prioniodpntina nov.

Diagnosis. — Asymmetric three-branched (tricarinate) elements predominating
functionally in the apparatus. Secondary simplification common.
Range: see text-fig. 11.

Genus Triangulodus Van Wamel, 1974
Type species: Paltodus volchovensis Sergeeva, 1963.

Triangulodus (?) alatus sp.a.
(text-fig. 20f-k; pl. XLI, fig. 2—5)

Holotype: ZPAL C.VI/1-105, text-fig. 20k.

Type locality: Erratic boulder E-149, Miedzyzdroje, NW Poland.

Type horizon: Upper Llanvirnian, E. reclinatus Zone.

Derivation of the name: alatus (Lat.) — winged.

Diagnosis. — Ridges strongly developed and elongated in basal part of the cono-
donts. Cusps short.

Material. — Over 35 specimens.

Occurrence. — Upper Llanvirnian, Estonia, erratic boulders from Poland.

Genus Prioniodus Pander, 1856

Type species: Prioniodus elegans Pander, 1856
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Prioniodus alatus Hadding, 1913
Prioniodus alatus medius ssp.n.
(text-fig. 23a-1l; pl. XLII, fig. 1)

Holotype: ZPAL C.VI/1-139, text-fig. 23f.

Type locality: Erratic boulder E-079, Mochty, Central Poland.

Type horizon: Lower Llanvirnian, upper part of the E. pseudoplanus Zone.
Derivation of the name: medius (Lat.) — medium.

Diagnosis. — Lateral branch of keislognathiform element short, sharpened.
Material. — Over 340 specimens.
Occurrence. — Lower Llanvirnian (upper part of the Kunda stage and Aseri

stage), Estonia, erratic boulders from Poland.

Genus Amorphognathus Branson & Mehl, 1933
Type species: A. ordovicicus Branson & Mehl, 1933.

Amorphognathus kielcensis sp.n.
(text-fig. 26h-1; pl. XLIV, fig. 1)

Holotype: ZPAL C.V1/1-176, text-fig. 26h.

Type locality: Mébjcza near Kielce, Central Poland.

Type horizon: Lower Llandeillian, P. anserinus Zone.

Derivation of the name: from Kielce — town in the Holy Cross Mts, Poland.

Diagnosis. — Oistodiform element with small, reduced posterior branch and long
main denticle.

Material — Seventy five specimens.

Occurrence. — Middle Llanvirnian to Lower Llandeillian, Baltic region (Estonia.
and erratic boulders from Poland) and Méjcza limestone (Holy Cross Mts, Poland).

Genus Polonodus nov.

Type species: Ambalodus clivosus Viira, 1974.
Derivation of the name: from Polonia (Lat.) — Poland.

Diagnosis. — Conical conodonts with 4 lobes covered with concentric and radial
rows of tubercles. Very large basal cavity.

Species assigned: Only type-species.

Occurrence. — Lower Llanvirnian (Upper Kunda stage). Baltic region (Estonia
and erratic boulders from Poland), Méjcza limestone (Poland),

Genus Complexodus nov.

Type species: Balognathus pugionifer Drygant, 1974.
Derivation of the name: from complexio (Lat.) — junction.

Diagnosis. — Amorphognathiform element with additional upper branches and.
transversally widened (or doubled) denticles. Presumably only one type of elements.

Species assigned: only type species.

Occurrence. — Upper Llandeillian to Lower Caradocian, Central Poland and.
Volhynia.

Genus Eoplacognathus Hamar, 1966

Type species: Ambalodus lindstroemi Hamar, 1964.



424 JERZY DZIK

Eoplacognathus zgierzensis sp.n.
(text-fig. 30a-f; pl. XLIII, fig. 2)

Holotype: ZPAL C.VI/1-223, text-fig. 30d.

Type locality: Erratic boulder E-096, Zgierz, Central Poland.
Type horizon: Lower Llanvirnian, Kunda stage BIII « or f.
Derivation of the name: from Zgierz — town in Central Poland.

Diagnosis. — Amorphognathiform element with lower-anterior branch only so-
mewhat shorter than lower branch.

Material. — Twenty specimens.

Occurrence. — Lower part of the Kunda stage, Baltic region (erratic boulders).

Genus Rhodesgnathus Bergstrom & Sweet, 1966
Type species: Ambalodus elegans Rhodes, 1952,

Rhodesgnathus elegans polonicus ssp.n.
(text-fig. 25g, h, pl. XLIV, fig. 3, 4)

Holotype: ZPAL C.VI/1-136, text-fig. 25g.

Type locality: Mbjcza near Kielce, Central Poland.

Type horizon: Lower Caradocian, P. gerdae Zone.

Derivation of the name: from Polonia (Lat.) — Poland.

Diagnosis. — Lateral basal shelf of amorphognathiform element transformed into
real, denticulated branch. Basal shelf of ambalodiform element wide with prominent
marginal ridge.

Material. — One hundred sixty specimens.

Occurrence. — Lower Caradocian, Poland.

Genus Spinodus nov.

Type species: Cordylodus spinatus Hadding, 1913.

Derivation of the name: from spina (Lat.) — spine.

Diagnosis. — All the elements of the apparatus (with the composition such as in
primitive Prioniodontidae) with strongly elongated branches and long dernticles cir-
cular in cross-section.

Species assigned: — Only type species.

Occurrence. — Upper Llanvirnian of the Baltic region and Central Poland.

Remarks. — The relation to the genus Subprioniodus Smith, 1907 (type species
S. paucidentatus from the Lower Ordovician of Scotland) is not clear.

Suborder Ozarkodinina nov.

Diagnosis. — Asymmetric two-branched (ozarkodiniform and hindeodelliform)
elements predominant functionally in the apparatus.
Range. — See text-fig. 10.

Genus Periodon Hadding, 1913

Type species: P. aculeatus Hadding, 1913.

Periodon aculeatus zgierzensis ssp.n.
(text-fig. 34e-k, pl. XLIV, fig. 5—6)

Holotype: ZPAL C.VI1/1-265, text-fig. 34g.
Type locality: Erratic boulder, Zgierz, Central Poland.
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Type horizon: Lower Llanvirnian, lower part of the Pseudoplanus Zone.
Derivation of the name: from Zgierz — town in Central Poland.

Diagnosis. — Trichonodelliform element with reduced denticulation on lateral
branches (as in P. aculeatus aculeatus), oistodiform element without or with 2 dentic-
les at anterior margin at the most (as in P. flabellum).

Material. — Over 50 specimens.

Occurrence. — Lower Llanvirnian, Baltic region (erratic boulders).

LIST OF SYNONYMS
(not including the full synonymy)

Amorphognathus kielcensis sp.n. viira, 1974, pl. 7, fig. 12, 13.
Amorphognathus sp. A, Viira, 1967, text-fig. 3, Amorphognathus inaequalis Rhodes, Lind-
no 22a, b. strom, Racheboeuf & Henry, 1974, p. 16, pl. 1,
Amorphognathus sp. n. 4 Viira, 1974, pl. 17, fig. 8-11, pl. 2, fig. 1, 2, 7.
fig. 7-9. ,,Prioniodus’’ (Rhodesgnathus?) n.sp. aff.
Amorphognathus sp. n. 5, Viira, 1974, pl. 7, priontodus variabilis Bergstrom and P. ger-
fig. 11, 14. dae Bergstrom, Lindstrom, Racheboeuf
Amorphognathus aff. wvariabilis Sergeeva, & Henry, 1974, p. 19, pl. 1, fig. 17, 18.

Fig. 12, a—c¢ Westergaardodina ex. gr. bicuspidata Miiller: a, b Sukhrumégi B II §,
Estonia, ZPAL C. VI/1-001, 002; ¢ Sukhrumigi B III, Estonia, 1-003. d Histiodella
serrata Harris: MéOjcza limestone, sample A. 14, ZPAL C. V1/1-348, Lower Llanvirnian.
e, f Oneotodus mitratus Moskalenko: e erratic boulder E-113, 1-004, Upper Llanvir-
nian, E. robustus Zone; f Mébjcza limestone, sample A-18, 1-300, Llandeillian.
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Fig. 13. a—c Scalpellodus (? Cornuodus) laevis sp.n.: a erratic boulder E-081, 1-008,
holotype, Middle Llanvirnian, E. foliaceus Zone;, b—c eratic boulder E-116, 1-010, 011,
Upper Arenigian, P. originalis Zone. d—f Scalpellodus longibasis (Lindstrom): d—e
erratic boulder E-135, 1-012, 013, Lower Llanvirnian, E. suecicus Zone; f erratic boul-
der E-080, 1-015, lowermost Llanvirnian. g—I, t, u Semiacontiodus cornuformis (Ser-
geeva): g—! erratic boulder E-113, 1-060—064, Upper Llanvirnian, E. robustus Zone;
t, u erratic boulder E-085, 1-71, 72, uppermost Llanvirnian, E. lindstroemi Zone. m—o
Semiacontiodus carinatus sp.n.: boulder E-113, 1-302—304, Upper Llanvirnian, E. ro-
bustus Zone. p, q Semiacontiodus longicostatus (Drygant): Modjcza limestone, sample
A-19, 1-305, 306, Llandeillian.
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Fig. 14. a—e Scalpellodus cavus van Wamel: a—c erratic boulder E-194, 1-016—018,
Middle Llanvirnian, E. reclinatus Zone; d erratic boulder E-130, Middle Llanvirnian,
E. reclinatus Zone; e erratic boulder E-113, 1-019, Upper Llanvirnian, E. robustus
Zone. f Belodella serrata sp.n.: erratic boulder E-141, 1-021, holotype, Middle Llan-
virnian, E. reclinatus Zone, g, h Belodina compressa (Branson & Mehl): g erratic boul-
der E-082, 1-022; h erratic boulder E-207, 1-307, Upper Caradocian or Ashgilian. ¢ Scal-
pellodus sp.: erratic boulder E-079, 1-023, Lower Llanvirnian, E. pseudoplanus Zone.
J, k Strachanognathus parvus Rhodes: erratic boulder E-143, 1-024, 25, Middle Llan-
virnian, E. reclinatus Zone. | Scolopodus peselephantis Lindstrom: erratic boulder
E-117, 1-026, uppermost Arenigian, A. variabilis Zone. m, n Walliserodus costatus
sp.n.: Moéjcza limestone sample A-14, 1-307—308, Lower Llanvirnian, E. pseudoplanus
Zone, o, p Walliserodus ethingtoni (Fahraeus): erratic boulder E-143, 1-046, 047, E. re-
clinatus Zone. g, t Walliserodus makholmensis (Hamar): Mo6jcza limestone, sample
A-22, 1-309—312, P. gerdae Zone.
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Fig. 15. a, b, e, f Panderodus gracilis (Branson & Mehl): a, b, erratic boulder E-143,

1-026—029, E. reclinatus Zone; e, f erratic boulder E-090, 1-030—031, Ashgilian or

Silurian, ¢, d, k-m Panderodus (Dapsilodus) similaris (Rhodes): ¢, d erratic bouler

E-197, 1-032, 033, Llandeillian; k-—m Modjcza limestone sample A-2, 1-034, 36, A. super-

bus Zone. g—i Panderodus (Dapsilodus) mutatus (Branson & Mehl): Méjcza limestone,
sample A-10, E. robustus Zone.
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Fig. 16. a-d, i, | Protopanderodus rectus (Lindstrom): a erratic boulder E-116, 1-055,
P. originalis Zone; b-d erratic boulder E-130, 1-071—073, E. reclinatus Zone; i erratic
boulder E-135, 1-074, E. suecicus Zone; l erratic boulder E-116, 1-075, P. originalis
Zone, e—g Protopanderodus varicostatus (Bergstrom): Méjcza limestone, sample A-17,
1-313—315, Llandeillian. h, k Protopanderodus insculptus (Branson & Mehl): Mobjcza
limestone; h sample A-2d, 1-076; k sample A-2, 1-077, A. superbus Zone.

[429]



Fig. 17. a—c¢ Drepanodus arcuatus Pander: erratic boulder E-116, 1-052—054, P. ori-

ginalis Zone. d—g Drepanodus robustus (Hadding): Modjcza limestone, sample A-8,

1-056—059, E. lindstroemi Zone. h—n Scolopodus rex Lindstrom h—k erratic boulder

E-116, 1-040—042, P. originalis Zone; l—n erratic boulder E-119, 1-043—045, P. ori-
ginalis Zone.
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Fig. 18. a Paltodus (?) sp.: erratic boulder E-089, 1-078, Lower Llan-
virnian, E. pseudoplanus Zone, oistodiform element. b—f Paltodus (?)

semisymmetricus (Hamar): b—d erratic boulder E-113, 1-079—081,

Upper Llanvirnian, E. robustus Zone; e, f erratic boulder E-130,

1-082—083, Middle Llanvirnian, E. reclinatus Zone. g, h Paroistodus

parallelus originalis (Sergeeva): erratic boulder E-116, 1-084—087,
Upper Arenigian, P. originalis Zone,

Fig. 19. Drepanoistodus suberectus forceps (Lindstrom): a—g, k erratic

boulder E-116, 1-088—094, 096, Upper Arenigian, P. originalis Zone;

h erratic boulder E-080, 1-095, Lowermost Llanvirnian, E. pseudopla-

nus Zone. i erratic boulder E-137, 1-097, Middle Llanvirnian, E. recli-

natus Zone; a prioniodiform (?) el., b another type of prioniodiform (?)

el,, ¢ cordylodiform (?) el, d trichonodelliform el.,, e, ¢ oistodiform
elements, h, k “scandodiform’ el.
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Amorphognathus tvaerenensis Bergstrom, 1962
Amorphognathus ordovicica (Branson &
Mehl), Bednarczyk, 1971a, pl. 4, fig. 8a-c.

Amorphognathus variabilis Sergeeva, 1963
Amorphognathus n.sp. 1, Lindstrém, 1960,
Lindstrém, 1964, text-fig. 33B.

Ambalodus planus Sergeeva, Viira, 1974,
p- 53, pl. 6, fig. 22-24, 27, 30, text-fig. 40-42.
Lenodus falodiformis Sergeeva, Viira, 1974,
p- 93, pl. 6, fig. 6.

Lenodus clarus Sergeeva, Viira, 1974, p. 93,
pl. 6, fig. 7.

Drepanodus arcuatus Pander, 1856
Scandodus pipa Lindstrom, Bednarczyk, 1969,
pl. 1, fig. 1.

Drepanodus robustus (Hadding, 1913)

Acontiodus robustus (Hadding), Lindstrém,
1955b, p. 108, pl. 22, fig. 1, 2, 6, non 4.
?Acontiodus falcatus (Hadding), Lindstrém,
1955b, p. 106, pl. 22, fig. 8, 9.

Acontiodus reclinatus Lindstrém, Spassov &
Teller, 1963, p. 77, pl. 1, fig. 1.

Cornuodus bergstroeml n.sp., Serpagli 1967,
p. 57, pl. 12, fig. la-2c.

Cornuodus montanaroae n.sp. Serpagli 1967,
p. 58, pl. 12, fig. 3-46.

Aconttodus arcuatus Lindstrom, viira, 1974,
p. 47, pl. 11, fig. 1, 2, text-fig. 27b-v.

Drepanoistodus suberectus forceps (Lindstrém,

1955)
Oistodus forceps Lindstrém, Wolska, 1961,

Fig. 20. a—e Triangulodus brevibasis (Sergeeva): erratic boulder E-116, 1-098—102,

Upper Arenigian, P. originalis Zone. f—k Triangulodus (?) alatus sp.n.: f, g, k erratic

boulder E-148, 1-103—105, holotype—1-105; h, i erratic boulder E-145, 1-106—107,

Middle Llanvirnian, E. reclinatus Zone. a, g prioniodiform element, b, h trichonodelli-
form el, ¢, d, f, i cordylodiform el., e, k (?) oistodiform el.
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p- 351, pl. 3, fig. 6, Bednarczyk, 1971a, pl. 1,
fig. 1.

Drepanodus homocurvatus Lindstrom, wol-
ska, 1961, p. 348, pl. 2, fig. 7a, b, Bednarczyk,
1971b, pl. 6, fig. 5 Baranowski & Urbanek,
1972, pl. 2, fig. 10.
Oistodus excelsus
1971, pl. 4, fig. 3.
Oistodus venustus Stauffer, Spasov & Teller,
1963, p. 79, pl. 1, fig. 10.

Drepanodus suberectus (Branson & Mehl),
Bednarczyk, 1971b, pl. 5, fig. 6, Baranowski
& Urbanek, 1972, pl. 2, fig. 8.

Drepanodus planus Lindstrom, Bednarczyk,

Stauffer, Bednarczyk,

1971b, pl. 4, fig. 3.

Otistodus parallelus Pander, Bednarczyk,
1971b, pl. 4, fig. 10.

Oistodus basiovalis Sergeeva, Bednarczyk,
1971a, pl. 1, fig. 2, Bednarczyk, 1969, pl. 1,
fig. 2.

Otstodus inclinatus Branson & Mehl, Bara-
nowski & Urbanek, 1972, pl. 2, fig. 8.
Drepanoistodus forceps (Lindstrém), Ser-
pagli, 1974, p. 30, pl. 10, fig. 8a-12¢c, pl. 21,
fig. 9-14, Van Wwamel, 1974, p. 64, pl. 2,
fig. 14-22.

Eoplacognathus pseudoplanus (Viiira, 1974)
Ambalodus pseudoplanus n.sp., Viira, 1974,
p. 54, pl. 6, fig. 25, 29, 31, text-fig. 43-46.
Amorphognathus sp.n. 1, Viira, 1974, pl. 7,
fig. 1-4.

?Amorphognathus variabilis Sergeeva, Viira,
1974, pl. 7, fig. 3, 4.

Amorphognathus sp.n. 2, Viira, 1974, pl. 7,
fig. 5, 6.
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Eoplacognathus foliaceus (Fahraeus, 1966)
Polyplacognathus humilis sp.n., Viira, 1974,
p.- 106, pl. 9, fig. 1, 2, text-fig. 135.
Polyplacognathus ramosus sp.n., Viira, 1974,
p. 110, text-fig. 140.

Eoplacognathus foliaceus (Fahraeus), Viira,
1974, p. 77, pl. 8, fig. 10, 11, text-fig. 85-86.
Eoplacognathus lindstroemi lindstroemi Ha-

mar, 1964

Polyplacognathus wmirus sp.n., Viira,,
p. 107, pl. 10, fig. 10-12, text-fig. 136.
Polyplacognathus gallus sp.n., Viira, 1974,
p- 106, pl. 9, fig. 19, 20, 27, 28, 31, 32, text-fig.
134.

1974,

Polyplacognathus stella Viira, Viira, 1974,
text-fig. 10 no 1, 1a, b, 2a, b.
Eoplacognathus lindstroemi Hamar, Viira,

1974, p. 74, pl. 8, fig. 14, 15, 19-22, text-fig. 81.
Eoplacognathus lindstroemi reclinatus (Fahra-
eus, 1966)

non Ambalodus reclinatus Fahraeus, Bed-
narczyk, 1971a, pl. 3, fig. 4a, b.
?Eoplacognathus ambaloides Viira, Viira,

1972, fig. 6, no. 1, 2.

?Eoplacognathus acros Viira, Vviira, 1972, fig.
9, no. 1a, b, 24, b.
?Eoplacognathus tridens Viira,
fig. 6, no. 3, 4.

Eoplacognathus reclinatus (Fahraeus), Vviira,
1974, pl. 8, fig. 12, 13, text-fig. 93, 94.

Viira, 1972,

Eoplacognathus lindstroemt robustus Bergs-
trom, 1971

Ambalodus reclinatus Fahraeus, Bednar-
czyk, 1971a, pl. 3, fig. 4a, b.

Eoplacognathus lobulus Viira, WViira, 1972,
1ig. 8.

Fig. 21, a, b Oistodus lanceolatus Pander: erratic boulder E-148, 1-108, 109, Middle

Arenigian, prioniodiform el. d, f Triangulodus sp.: erratic boulder E-148, 1-110—111,

prioniodiform and oistodiform el. ¢ Spinodus spinatus (Hadding): Moéjcza limestone,
sample A-10, 1-112, Upper Llanvirnian, E. robustus Zone.



Fig. 22. a—i Prioniodus mnavis Lindstrom: erratic boulder E-116, 1-113—121, P. origi-

nalis Zone. k—e Prioniodus alatus parvidentatus (Segeeva): Mdbjcza limestone, sample

A-14, 1-333-339, E. pseudoplanus ? Zone, a—c, k amorphognathiform elem., d, ! am-

balodiform el., e, m keislognathiform el,, f, n cordylodiform el., g, p trichonodelliform
el, h, g tetraprioniodiform el.. i, r oistodiform el.
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Polyplacognathus robustus (Bergstrém), Vii-
ra, 1974, p. 108, pl. 9, fig. 3-9, 13-18, text-fig.
137-139.

Eoplacognathus robustus Bergstrém, Viira,
1974, p. 79, pl. 8, fig. 16-18, text-fig. 88-92.

Hamarodus europaeus (Serpagli, 1967)
Distomodus europaeus n.sp., Serpagli, 1967,
p. 64, pl. 14, fig. 1-6¢c, Bergstrom, 1971, text-
-fig. 4-5, no. 15.

Cordylodus elongatus Rhodes, Rhodes, 1955,
p. 135, pl. 7, fig. 5, 6.
Microcoleodus ? sp.,
pl. 10, fig. 19, 22,
Oistodus sp., Rhodes, 1955, p. 126, pl. 10,
fig. 9.

?Neoprioniodus brevirameus n.sp., Walliser,
1964, p. 47, pl. 4, fig. 5, pl. 29, fig. 5-10, aff.
gen. indet., n.sp. ¢, Walliser, 1964, p. 91, pl. 4,
fig. 4, 11, pl. 10, fig. 28-30, pl. 11, fig. 1-3.
N. genus, n.sp., Hamar, 1966, p. 77, pl. 3, fig.
8-10, text-fig. 5, no. 5a-b.
Plectodina breviramea (Walliser),
1967, p. 89, pl. 18, fig. 5-9c.

Oistodus niger n.sp., Serpagli, 1967, p. 79,
pl. 20, fig. 1-7d.

Hamarodus europeaus (Serpagli), Vviira, 1974,
p. 8%, pl. 13, fig. 22-25, text-fig. 106.
Hamarodus estonicus gen.et sp.n., Viira, 1974,
p. 88, pl. 13, fig. 26-27, text-fig. 107.
Hamarodus norvegicus gen. et sp.n., Viira,
1974, pl. 13, fig. 22-25.

Periodon undosus n.sp., Viira, 1974, p. 103,
pl. 13, fig. 4-7, text-fig. 130.

Histiodella serrata Harris, 1962
Spathognathus n.sp. Lindstrom,
reus, 1970, fig. 3I.

Spathognathus sp., Viira, 1974, p. 125, pl. 5,
fig. 39, 40, text-fig. 163.

Microzarkodina flabellum parva Lindstrom,
1971
Prioniodina cf. flabellum Lindstrém, Wol-
ska, 1961, p. 354, pl. 4, fig. 4a, b.

Cordylodus delicatus Branson & Mehl, Bara-
nowski & Urbanek, 1972, pl. 2, fig. 3.
Trichonodella recurva (Branson & Mehl), Ba-
ranowski & Urbanek, 1972, pl. 1, fig. 5.
?2ygognathus deformis (Stauffer), Baranow-
ski & Urbanek, 1972, pl. 1, fig. 1.

Ozarkodina flabellum (Lindstrém), Baranow-
ski & Urbanek, 1972, pl. 1, fig. 4.

Oistodus lanceolatus Pander, Baranowski &
Urbanek, 1972, pl. 2, fig. 4.

Oneotodus mitratus (Moskalenko, 1973)
Ambalodus mitratus Moskalenko, Moskalen-
ko, 1973, pl. 21, fig. 23.

Ambalodus mitratus nostras Moskalenko,
Moskalenko, 1973, pl. 21, fig. 24-25.

Gen. et sp. indet. A, Serpagli, 1967, p. 107,
pl. 29, fig. 2a-c.

Gen. et sp. indet. B, Serpagli, 1967, p. 107,
pl. 29, fig. la, b.

Paltodus semisymmetricus (Hamar, 1966)
Distacodus variabilis n.sp., Webers 1966, p. 28,
pl. 12, fig. 15, 16, 17.

Anontiodus n.sp. 2, Lindstrém, 1960, fig. 6,
no. 11, 10.

Rhodes, 1955, p. 133,

Serpagli,

1960, Fah-
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?20istodus pseudoabundans Schopf, Webers
1966, p. 34, pl. 2, fig. 20, 21.
Acontiodus semisymmetricus n.sp., Hamar,

1966, p. 51, pl. 7, fig. 5, 6, text-fig. 3, no. 6.
Acodus viruensis n.sp., Fahreus, 1966, p. 12,
pl. 2, fig. 2a, b, text-fig. 2a.

Acontiodus nevadensis n.sp., Ethington &
Schumacher, 1969, p. 450, pl. 67, fig. 21-22,
Oistodus sp.n.B, Viira, 1974, p. 97, pl. 11,
fig. 13, 14, text-fig. 117.

Panderodus gracilis (Branson & Mehl. 1933)

Panderodus cornutus (Stauffer), Wolska, 1961,
p. 353, pl. 4, fig. 1la, b.
Panderodus gracilis (Branson & Mehl), Wol-
ska 1961, p. 353, pl. 4, fig. 2a, b, Bednarczyk,
1971b, pl. 5, fig. 2, Viira, 1974, pl. 12, fig. 1,
10-12, pl. 13, fig. 1, 3, text-fig. 126, 128.
Panderodus unicostatus (Branson & Mehl),
Wolska, 1961, p. 353, pl. 4, fig. 3a, b.
Panderodus compressus (Branson & Mehl),
Bednarczyk, 1971b, pl. 5, fig. 4, Viira, 1974,
p. 101, pl. 12, fig. 2, pl. 13, fig. 2, text-fig.
126-128.

Panderodus (Decoriconus) similaris’ (Rhodes,
1953)
Scandodus inflexus
1971q, pl. 4, fig. 5.
Acodus similaris Rhodes, Viira, 1974, p. 43,
pl. 9, fig. 23, 24, pl. 12, fig. 14, 15, text-fig.
19, 20.

Hamar, Bednarczyk,

Paroistodus parallelus originalis (Sergeeva,
1963)
Qistodus parallelus Pander, Wolska, 1961,

p. 351, pl. 3, fig. 4.
Distacodus expansus (Graves
Wolska, 1961, p. 347, fig. 4.

& Ellison),

Distacodus sp., Wolska, 1961, p. 348, pl. 2,
fig. 6.
Oistodus forceps Lindstrom, Bednarczyk,

1971a, pl. 1, fig. 5, Bednarczyk, 1971b, pl. 4,
fig. 9.
Drepanodus originalis (Sergeeva), Viira, 1974,
p- 69, pl. 5, fig. 11-18, text-fig. 72.
Panderodus (Dapsilodus) mutatus
& Mehl, 1933)
Acodus mutatus (Branson & Mchl), Webers
1966, p. 21, pl. 3, fig. 5, 6.
Acontiodus procerus (Ethington),
1967, p. 46, pl. 9, fig. 6-1lc.
Periodon flabellum (Lindstrém, 1955)
Trichonodella flabellum Lindstrom,
1974, pl. 4, fig. 8, 9.
Prioniodina ? deflexa Lindstréom, Viira, 1974,
pl. 4, fig. 10, 15, 16.

(Branson

Serpagli

Viira,

Prioniodina inflata Lindstrom, Viira, 1974,
pl. 4, fig. 18-20.
Periodon flabellum (Lindstrém), Serpagli,

1974, p. 63, pl. 14, fig. 1-17b, pl. 25, fig. 1-6,
Van Wamel, 1974, p. 80, pl. 4, fig. 14-20.
Periodon aculeatus aculeatus Hadding, 1913
Oulodus cf. tortilis (Sweet & Bergstrom),
viira, 1974, p. 98, text-fig. 121.
Periodon aculeatus Hadding,
p- 102, text-fig. 129.
Periodon sp.n., Viira, 1974, p. 104, text-fig.
131.

Viira, 1974,
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Periodon ? sp., Viira, 1974, p. 105, text-fig.
132.

Polonodus clivosus (Viira, 1974)
Amorphognathus n.sp., Lindstrom, 1964, p. 92,
fig. 33C.

Ambalodus clivosus n.sp., Viira, 1974, p. 51,
pl. 8, fig. 1, text-fig. 37, 38.
Amorphognathus ? n.sp., Viira, 1974, p. 62,
text-fig. 58.

Ambalodus ? n.sp., Viira, 1974, p. 52, pl. 8,
fig. 2, 3, text-fig. 39.

? Amorphognathus variabilis Sergeeva, Fah-
raeus 1970, fig. 3E.

Prioniodus gerdae Bergstrom, 1971
Amorphognathus gerdae (Bergstrom), Viira,
1974, p. 60, pl. 11, fig. 38, text-fig. 56, 57.
Priontodus aff. variabilis Bergstrom, Viira,
1974, pl. 9, fig. 24, 25.

Priontodus alatus alatus Hadding, 1913
non Priontodus ? alatus Hinde, Hinde, 1879,
p. 362, pl. 16, fig. 5 (neoprioniodiform ele-
ment of the Polygnathidae).

Prioniodus alatus Hadding, Wolska, 1961,
p. 355, pl. 4, fig. 5a, b, Spassov & Teller, 1963,

DZIK

p. 80, pl. 1, fig. 3¢, b, Bednarczyk, 1971b,
pl. 5, pl. 5, fig. 2, Viira, 1974, pl. 10, fig. 12.
Prioniodus sp. 1 Lindstrém, Wolska, 1961,
pl. 2, fig. 10, Spassov & Teller, 1963, p. 81,
pl. 1, fig. 11a, b.

Prioniodus cf. variabilis Bergstrom, Wolska,
1961, p. 356, pl. 5, fig. 2a, b.

Paracordylodus sp. 2 Lindstrom, Wolska, 1961,
p. 354, pl. 2, fig. 9, pl. 3, fig. 3a, b.
Keislognathus gracilis Rhodes, Wolska, 1961,
p. 350, pl. 2, fig. 2, 3, 5.

Tetraprioniodus cf. robustus Lindstrom,
Wolska, 1961, p. 358, pl. 5, fig. 3a, b.

? Distacodus stola Lindstrém, Wolska, 1961,
p. 348, pl. 2, fig. 4.

Tetrapriontodus superbus (Rhodes). Wolska,
1961, p. 358, pl. 6, fig. 1-3, Spassov & Teller,
1963, p. 82, pl. 1, fig. 18.

Falodus sp., Wolska, 1961, p. 350, pl. 2, fig.
la, b, Spassov & Teller, 1963, p. 78, pl. 1, fig.
8, 9.

Oepikodus smithensts Lindstrém, Spassov &
Teller, 1963, p. 48, pl. 1, fig. 15.

Fig. 23. Prioniodus alatus medius ssp.n.: a—h erratic boulder E-079, 1-134—141, holo-
type—1-138, E. pseudoplanus Zone; i—l erratic boulder E-138, 1-142—144; E. suecicus
Zone a, b amorphognathiform el.,, ¢ ambalodiform el, d trichonodelliform el, e
tetraprioniodiform el., f, ¢ keislognathiform el, g, k cordylodiform el., h, 1 oistodiform..
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Priontodus navus Lindstrom, Spassov & Tel-
ler, 1963, p. 80, pl. 1, {ig. 16, 17.

Prioniodus praevariabilis Fahraeus, Bednar-
czyk, 1971b, pl. 5, fig. 2. Bergstrém, 1971,
p. 146, pl. 2, fig. 1.

Baltoniodus praevartabilis (Fahraeus), Lind-
strom, 1971, p. 56.

Tetrapriontodus assymetricus Bergstrom,
Bednarczyk, 1971b, pl. 5, fig. 5a, b.
Prioniodus vartabilis Bergstrom, Viira, 1974,
pl. 10, fig. 13, 14, 16, 17.
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Baltoniodus n.sp., Lindstrom, Racheboeuf &
Henry 1974, p. 17, pl. 1, fig. 12.
Remarks. — Priontodus ? alatus Hinde, 1879
cannot be assigned, as a Devonian form, to
this genus. It was also assigned to the genus
Priontodus only tentatively by its author.
Thus, it is not necessary in my opionion to
treat it as an older homonym. The Had-
ding’s name is widely used in the proper
meaning.
Prioniodus
1963)

alatus parvidentatus (Sergeeva,

Fig. 24. a—g Prioniodus alatus alatus Hadding: erratic boulder E-113, 1-145—153,

E. robustus Zone. h—l Prioniodus wvariabilis Bergstrom:

erratic boulder E-112,

1-154—159, P. variabilis Zone. a, d, h amorphognathiform el,, b, ¢ amabalodiform el,,
¢, k keislognathiform and ligonodiniform el,, e, I trichonodelliform el.,, f tetrapriono-
diform el,, g oistodiform el.



Fig. 25. a—f Prioniodus gerdae Bergstrom: erratic boulder E-154, 1-163—168, P. gerdae

Zone. g—h Rhodesgnathus elegans polonicus ssp.n: MoOjcza limestone, sampie A-21,

1-316, 317, P. gerdae Zone. i Complexodus pugionifer (Drygant): Moéjcza limestone,

sample A-19, 1-318, Llandeilian. k Icriodella superba (Rhodes): erratic boulder E-212,
1-344, Upper Caradocian.

[438]
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Fig. 26. a—g Amorphognathus variabilis Sergeeva: a, d Mdéjcza limestone,
sample A-14, 1-319-320, E. pseudoplanus Zone: e, g Mobjcza limestone,
sample A-12, 1-171—173, 176, 177, E. pseudoplanus Zone; f Mo6jcza limes-
tone, sample A-10, 1-174, E. robustus Zone; h—! Amorphognathus kiel-
censis sp.n.: h—i Mojcza limestone, sample A-18, 1-178, 179, holotype—
1-178, Llandeillian a, h amorphognathiform el., b, i ambalodiform el,, ¢
cordylodiform el,, e keislognathiform el, d, f, g, k oistodiform el.

Fig. 27. a—f Amorphognathus inaequalis Rhodes: a, b Méjcza lime-

stone, sample A-17, 1-185, 186; c—f sample A-6, 1-189—192, Llandeil-

lian. g—q Amorphognathus tvaerenensis Bergstrom: g—k Modjcza

limestone, sample A-5, 1-340—343, P. variabilis Zone; l—o Mojcza

limestone, sample A-21, 1-323-326, p, ¢ sample A-22, P. gerdae Zo-

ne. ¢, g amorphognathiform el.,, f, h ambalodiform el., a—d, i—q
oistodiform el,
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Fig. 28. a—i¢ Amorphognathus superbus (Rhodes): a—e Mbjcza
limestone, sample A-2, 1-204—208, A. superbus Zone; f—i, erra-
tic boulder 0-390, 1-209—212, A. superbus (?) Zone. k Amorphog-
nathus ordovicicus (Branson & Mehl)?: erratic boulder E-082,
1-213, Ashgilian (?). a, f, g, k amorphognathiform el., b, i amba-
lodiform el., ¢ keislognathiform el., d cordylodiform el., e tri-
chonodelliform el. h tetraprioniodiform el.

Fig. 29. a, b, e Pygodus serrus (Hadding): a, b erratic boulder E-113, 1-214,
215, Upper Llanvirnian, E. robustus Zone; e Mébjcza limestone, sample
A-17, 1-329, ¢, d Polonodus clivosus (Viira): erratic boulder E-080, 1-216,
lowermost Llanvirnian, E. pseudoplanus Zone; d M6jcza limestone, sam-
ple A-11, 1-218, uppermost Arenigian or lowermost Llanvirnian. f Pygo-
dus anserinus Lamont & Lindstrém, Mdjcza limestone, sample A-18, 1-330,
Llandeilian a, ¢, d, t amorphognathiform (?) el., b ambalodiform el.



Fig. 30. a—f Eoplacognathus zgierzensis sp.n.: a—c, e erratic boulder E-089, 1-219—222,
lowermost Llanvirnian (BIII « or BIII §); d, f erratic boulder E-096 1-223, 224 (BIII «
or BIII f. g—n Eoplacognathus pseudoplanus (Viira): erratic boulder V-079,
1-225—231, upper part of the E. pseudoplanus Zone (BIII y), late form. a, d, e, g—k, m
amorphognathiform el., b, ¢, f, I, n ambalodiform el.

9 Acta Palaeontologica Polonica N° 4/76 [441]
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?Tetraprioniodus minaxr n.sp., Sergeeva, 1963,
p. 102-103, pl. 8, fig. 1-6 (can be assigned to
Amorphognathus vartabilis).
Falodus parvidentatus n.sp., Sergeeva, 1963,
p. 103-104, pl. 8, fig. 4-7.
?Baltoniodus navis (Lindstrom) late form,
Lindstrém, 1971, pl. 1, fig. 18-23.

Prioniodus navis Lindstréom, 1955
Priontodina densa Lindstrom, Bednarczyk,
1971b, pl. 4, fig. 7, Viira, 1974, pl. 6, fig. 1, 2.
Priontodus alatus Hadding, Baranowski &
Urbanek, 1972, pl. 1, fig. 6.
Prioniodus elegans Pander, Baranowski &
Urbanek, 1972, pl. 1, fig. 7.
Falodus prodentatus (Graves & Ellison), Ba-
ranowski & Urbanek, 1972, pl. 1, fig. 8.
Prioniodus navits Lindstrom, Viira, 1974, pl.
6, fig. 8, 9, Van Wamel, 1974, p. 89, pl. 8, fig.
10-19 (partim).
Volchodina densa (Lindstrém), Sergeeva,
1974, p. 83, pl. 1-4, fig. 4-5.

Protopanderodus rectus (Lindstrom, 1955)

Acontiodus cf. rectus var. sulcatus Lind-
strom, Wolska, 1961, p. 345, pl. 1 fig. 2.
Acontiodus sp., Wolska, 1961, p. 346, pl. 1,
fig. 3. ‘
Acontiodus rectus Lindstrém, Spassov & Tel-
ler, 1963, p. 78, pl. 1, fig. 4, Bednarczyk, 1969,
pl. 1, fig. 7, Baranowski & Urbanek, 1972,
pl. 2, fig. 2, Viira, 1974, p. 48, pl. 4, fig. 21-23,
text-fig. 29.

Acontiodus rectus sulcatus Lindstréom, Bed-
narczyk, 1969, pl. 1, fig. 10.

Acontiodus robustus Hadding, Bednarczyk,
197ta, pl. 3, fig. 3

Acontiodus cf. kullerudensis Hamar, Bara-
nowski & Urbanek, 1972, pl. 1, fig. 3. .
Scandodus rectus Lindstrém, Baranowski &
Urbanek, 1972, pl. 2, fig. 2.

Acodus triangulatus Fahraeus, Viira, 1974,
p. 46, pl. 5, fig. 25-26, text-fig. 25-26.
?Scandodus cf. unistriatus Sweet & Berg-
strom, Viira, 1974, p. 119, pl. 5, fig. 30,
text-fig. 151.

Fig. 31. a—f Eoplacognathus foliaceus

(Fahraeus): a—d erratic boulder E-(81,

1-232—236, Middle Llanvirnian, Z. foliaceus Zone; e, f erratic boulder E-138, 1-237, 238,

E. foliaceus Zone. g—k Eoplacognathus lindstroemi reclinatus (Fahraeus): erratic boul-

der E-149, 1-239-242, Middle Llanvirnian, E. reclinatus Zone. a, b, g, k amorphognat-
hiform el,, ¢, d, e, f, h, i ambalodiform el.
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Scolopodus wvartcostatus Sweet & Bergstréom, Haddingodus serra (Hadding), Viira, 1974,

Vviira, 1974, p. 123, pl. 5, fig. 23-24, text-fig. p. 86, pl. 11, fig. 28, text-fig. 105.

160. Semiacontiodus cornuformis (Sergeeva, 1963)
Protopanderodus insculptus (Branson & Mehl, Drepanodus cf. subarcuatus Furnish, Wol-
1933) ska, 1961, p. 349, pl. 1, fig. 5-7.

Scundodus dissimilaris (Branson & Mehl), Drepanodus simplex Branson & Mehl, Wol-

Serpagli, 1967, p. 94, pl. 24, fig. 5-6c. ska, 1961, p. 349, pl. 2, fig. 8.

Scolopodus ? insculptus (Branson & Mehl), Scandodus polonicus n.sp., Spassov & Teller,

Serpagli, 1967, p. 97, pl. 28, fig. 1-6b. 1963, p. 81, pl. 1, fig. 5.

“Scolopodus” n.sp. cf. “S.” insculptus (Bran- Semiacontiodus longicostatus (Drygant, 1974)

son & Mehl), Bergstrom, 1971, fig. 5, no. 13. Scandodus longicostatus sp.n., Drygant, 1974,
Pygodus serrus (Hadding, 1913) p. 57, fig. 9-13.

Pygodus anserinus Lamont & Lindstrém, ? Scolopodus cordis n.sp., Hamar, 1966, p. 74,

Wolska, 1961, p. 357, pl. 14, fig. 4, 5. pl. 3, fig. 4-6, text-fig. 2, no. 5.

Fig. 32. Eoplacognathus lindstroemi robustus Bergstrom:a—e erratic boulder E-113,

1-243—247, Upper Llanvirnian, E. robustus Zone: f—i M6jcza limestone, sample A-10,

1-248—251, E. robustus Zone, a, b, d, h amorghognathiform el,, ¢, e, f, g, i ambalodi-
form el.

g*



444

JERZY

non Distacodus falcatus Stauffer, Bergstrom
& Sweet, 1966, p. 329, pl. 35, fig. 10-13.
Cornuodus erectus Fahraeus, Bednarczyk,
1971a, pl. 3, fig. 5.

Scandodus sp. 1 Lindstrém, 1960, Viira, 1974,
p. 121, text-fig. 156, 157.

? Scandodus tortus sp.n., Viira, 1974, p. 118,
plL. 5, fig. 32-33, text-fig. 149, 150.
Scolopodus cornuformis Sergeeva, Viira,

1974, p. 123, pl. 5, fig. 27, 28, pl. 11, fig. 18,
text-fig. 161.

Scalpellodus cavus (Webers, 1966)
Drepanodus cavus n.sp., Webers, 1966, p. 28,
pl. 12, fig. 4, 5.
Protopanderodus latus n.sp.,
1974, p. 91, pl. 4, fig. 1-3.
Drepanodus amplissimus n.sp., Serpagli, 1967,
p. 66, pl. 15, fig. 1a-5b.

Scalpellodus longibasis (Lindstrém, 1955)

Van Wamel,
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Scolopodus peselephantis Lindstrom, Bed-
narczyk, 1971b, pl. 4, {fig. 6, Viira, 1974, p. 124,
text-fig. 162, Van Wamel, 1974, p. 94, pl. 5,
fig. 16, 17.

Strachanognathus parvus Rhodes, 1955
Strachanognathus parvus Rhodes, Wolska,
1961, p. 358, pl. 5, fig. 6a, b, Bednarczyk,
1971a, pl. 3, fig. 6.

Triangulodus brevibasis (Sergeeva, 1963)
Triangulodus brevibasis (Sergeeva), Van Wa-~
mel, 1974, p. 96, pl. 5, fig. 1-7.

Triangulodus alatus n.sp.
Oistodus sp.n.A, Viira,
fig. 4, 5, text-fig. 116.

Walliserodus ethingtont (Fahraeus, 1966)
Panderodus ethingtoni n.sp., Fahraeus, 1966,
p. 26, pl. 3, fig. 5, ab.

Paltodus sp., Viira, 1967, fig. 4, no. 15.

Walliserodus nakholmensis (Hamar 1966)

1974, p. 96, pl. 11,

Fig. 33. Eoplacognathus lindstroemi Hamar: a—c¢ Mobjcza limeétone, sample A-8,

1-252—255, Upper Llanvirnian, E. lindstroemi Zone.

e—g erratic boulder E-083,

1-256—258, E. lindstroemi Zone. d Eoplacognathus elongatus (Bergstrom): Modjcza li-
mestone, sample A-5, 1-331; a, d, e amorphognathiform el,, b, ¢, f, g ambalodiform el.

Drepanodus aff. longibasis Lindstrom, Viira,
1974, p. 68, text-fig. 69.

Protopanderodus longibasts (Lindstrom, van
Wamel, 1974, p. 92, pl. 4, fig. 4-6.
Scandodus gractlis n.sp., Sergeeva,
p. 80, fig. 6-9.

Scolopodus rex Lindstrém, 1955
Scolopodus rex Lindstrém, Bednarczyk, 1969,
pl. 1, fig. 11, Baranowski & Urbanek, 1972,
pl. 2, fig. 10, viira, 1974, pl. 3, fig. 22, 23.
Paltodus scolopodiformis n.sp. Sergeeva,
1974, p. 79, fig. 10-11.

Scolopodus peselephantis Lindstrém, 1955

1974,

Panderodus nakholmensis n.sp., Hamar, 1966,
p. 66, pl. 7, fig. 22-24, text-fig. 3, no. 3.

? Acodus trigonius (Schopf), Serpagli, 1967,
p. 44, pl. 8, fig. 1-10c.
Walliserodus debolti (Rexroad), Serpagli,

1967, p. 104, pl. 31, fig. 5-13c.

Pualtodus iniquus sp.n., Viira, 1974, p. 99, pl.

11, fig. 16-17, text-fig. 124, 125.
Westergaardodina ex gr. bicuspidata Miller,
1959

Westergaardodina bicuspidata Miller, Ha-

mar, 1966, p. 80, pl. 16, fig. 1, text-fig. 2,

no. 3, Druce & Jones, 1971, p. 100, pl. 7, fig.

1-4d, text-fig. 32.



Fig. 34. a—d Periodon flabellum (Lindstrom): erratic boulder E-116, 1-259—262, Upper

Arenigian, P. originalis Zone. e—k Periodon aculeatus zgierzensis ssp.n.: erratic boul-

der E-089, 1-263—268, holotype—1-265, lowermost Llanvirnian, E. pseudoplanus Zone.

l—r Periodon aculeatus aculeatus Hadding: erratic boulder E-113, 1-268—275, Upper

Llanvirnian, E. robustus Zone. a, e, | ozarkodiniform el., b, f, m ozarkodiniform (?)

el,, ¢, g, n trichonodelliform el., k, p cordylodiform el., ¢ II cordylodiform el., k r plec-
tospathodiform el., d, o, g oistodiform el

[445]



Fig. 35. a—h Microzarkodina flabellum parve Lindstrom: erratic boulder E-116,

1-276—283, Upper Arenigian, P. originalis Zone. i—l Microzarkodina ozarkodella Lind-

strom; erratic boulder E-117, 1-284—286, uppermost Arenigian, A. variabilis Zone.

m—o Phragmodus sp.: Moéjcza limestone, sample A-19, 1-332, a, d, h, i ozrakodini-

form el., ¢ trichonodelliform el., e, f plectospathodiform el.,, b, k cordylodiform el,
g, L oistodiform el.

Fig. 36. Hamarodus europaeus

(Serpagli): Mobjcza limestone, a—d sample A-4,
1-287—290, Upper Caradocian, A. superbus Zone; e—g sample A-2, 1-291—293, Upper

Caradocian. a, b, e ozarkodiniform el., ¢, f cordylodiform el., d, g oistodiform el.

[446]
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JERZY DZIK
UWAGI O EWOLUCJI KONODONTOW ORDOWICKICH

Streszczenie

Caly zespdt konodontow, zazwyczaj zroéznicowanych morfologicznie, nalezal do
jednego zwierzecia konodontowego. Rekonstrukeje sktadu takich zespoléw oparte sg
na badaniach statystycznych: zaklada sie, ze konodonty nalezace do jednego zwierzg-
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cia powinny wystepowac¢ w statystycznie istotnych prébach zawsze razem a nigdy od-
dzielnie. W poniZzszym opracowaniu przedstawiono wyniki badan ewolucji zespoloéw,
pozwalajgce na sprawdzenie prawidlowosci rekonstrukeji statystycznych, przy zaloze-
niu, ze linie ewolucyjne poszczegbinych elementé6w winny by¢ réwnolegle do siebie
(co nie oznacza réwnoczesnosci wydarzen ewolucyjnych) i ciggle (zespoly nie zawiera-
jace elementéw wystepujacych w zespolach wyj§ciowych i potomnych nie mogg byé
cze$cig ciggu ewolucyjnego).

Sadzgce z charakteru przej$é morfologicznych w obrebie zespolu najprymitywniej-
szych konodontow ordowickich (Panderodontidae), konodonty te pierwotnie pokry-
waly znaczng cze$é¢ powierzchni ciala zwierzecia i byly analogami a zapewne i homo-
logami zgbkéw skérnych najpierwotniejszych strunowcow.

Z kambru do ordowiku przeszly tylko dwie linie ewolucyjne konodontéw. Jedng
z nich stanowi rodzaj Westergaardodina, ktéry wg. Druce & Jones (1971) dal poczatek
_ordowickiej rodzinie Chirognathidae. Wszystkie pozostale konodonty wywodzg sie od
kambryjskiego rodzaju Omneotodus. Prymitywne proste konodonty pierwotnie lub
wtornie nie zawierajgce elementéw symetrycznych w zespole dotrwaly do dewo-
nu. Zapewne w konacu dolnego ordowiku konodonty te daly poczatek bezszcze-
kowcom Heterostraci — wskazuje na to ich morfologia i mikrostruktura. Waznymi
wydarzeniami w ewolucji konodontéw bylo powstanie konodontéw zawierajgcych
w zespole tréjzebrowe elementy symetryczne, a poéZniej wyksztalcenie elementu oisto-
diform — plaskiego z wcieciem krawedzi pod gléwnym zebem. Proste konodonty za-
wierajgce ten element w zespole powstaty w termadoku i dotrwaly do konca karado-
ku (Distacodontidae). Najwiekszy rozwdj osiggnely linie ewolucyjne konodontoéw
u ktérych na krawedziach rozwinglo sie zgbkowanie, Jedna z nich, cechujgca sie
przewagg w zespole elementow trojgaigzkowych (Prioniodontidae) powstala z Dista-
codontidae w dolnym arenigu (McTavish, 1973). Cze$§é¢ elementéw zespotéw konodon-
tow z tej rodziny wykazuje tendencje do wytworzenia platformy przez wyksztaicenie
dodatkowych, zgbkowanych galezi na rozszerzeniach bazy. Prioniodontidae wymarty
w koncu karadoku, natomiast pochodzaca od nich gaigz ewolucyjna form, ktére wy-
ksztalcily platforme przez zwielokrotnienie szeregdw zabkoéw (Icriodontidae) dotrwata
do gornego dewonu, podlegajgc uproszczeniu morfologii galgzkowych elementéw zes-
potu.

Niezaleznie od Prioniodontidae rozwinglo sie zabkowanie ramion Periodontidae
dajac poczatek liniom ewolucyjnym konodontéw tworzgcych zespoly z przewagg ele-
mentéw dwugalezistych. Od Periodontidae za posrednictwem Prioniodinidae wywo-
dzg sie wszystkie pozostale konodonty poordowickie. Aparat sylurskich i pézniejszych
konodontoéw z tej grupy sklada sie z 14 konodontéw zréznicowanych morfologicznie
i zapewne funkcjonalnie, ustawionych kolejno za sobg i zgbkami skierowanych do
siebie. Niezaleznie w wielu liniach rozwija sie platforma u pierwszego elementu
(polygnathiform) — zazwyczaj przez zwielokrotnienie rzedéw zebdéw. Poza aparatem
pozostawaly elementy symetryczne.
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EXW I3UK

3AMEYAHUSA O 3BOJIOLMNU OPAOBUKCKUX KOHOAOHTOB

Pe3ztome

Bech KOMILIEKC KOHOJOHTOB, KaK NPaBUJI0 MOPQOJOrMyecky AucdepeHIIMpoBaH-
HbIlf, OTHOCUTCA K OJHOMY KOHOAOHTHOMY KMBOTHOMY. PEeKOHCTPYKUMM COCTaABa TOKMX
KOMIIJIEKCOB OCHOBBLIBAIOTCH Ha CTATUCTMUYECKMX aHaauzax. IIpMEmMMaercd, YTO KOHO-
LOOHTBI, NIPUHAAJE)RKAIME OAHOMY KMBOTHOMY, AOJ2KHBI BCTPEYaThLCA B CTAaTUCTUYECKU
EAXKHBIX npobax Bcerga COBMECTHO M HMKOrJAA OTAENLHO. B pabGoTe M3JI0KeHb! pe-
RYNbTATbI UIYUYECHUA 9BOJICLIMM KOMIIJIEKCOB, IIO3BOJISIOLIME IIOBEPUTH AOCTOBEPHOCTH
CTATUCTUYECKMX DPEKOHCTPYKLMIA, NPMHMMASA, YTO SBOJIOLUMOHHBIE JMHUM OTAEJbHBIX
3JIeMEHTOB, JIOJXKHbI ObITbL mapayyieJbHbl (YTO He ofo3Ha4YaeT OAHOBPEMEHHOCTH
OBOJIIOLUMOHHBIX COOBITHIT) M HEITPEPBLIBUCTbI (KOMIIJIEKCHI, HC cojeprKallue 3JIeMEHTOB,
NPEACT2BIEHHBIX B MCXOAHBLIX KOMIIJIEKCaX M B NPOM3BOLHBLIX KOMIUIEKCAaX, HE ABJIA-

IOTCAl YACTBLIO 3BOJIIOLIMOHHOTO DPAAA).

XapakTep MOP(OJOrM4ecKX pPANOB B KOMIIJIEKCE CaMbIX NPUMUTUBHBIX OPAOBUK-
criy KoHON0ETOB (Panderodontidae) moxkasbiBaeT, UYTO 3TU KOHOAOHTBHI IOKDPLIBAJNN
MEePPMYHO 3HAUMUTENBHYIO HaCTbh NOBEPXHOCTU TeJa KMBOTHOIO M NPEACTABIAJNI aHa-

JIOTM I, TIOBUAMMOMY, TOMOJIOTM KOXKHBIX 3YOUMKOR NMPOCTEMIIINX XOPHAOBBIX.

2 KeMOpPHMA B OPAOBMK TMEPEIIIM JMIIb ABa SBOJNIOLMOHHBIX PAAA KOHOLOHTOB.
K opnomy m3 Hux oTHocuTca poxg Westergaardodina, KorTopblit, 0 MHeHMIO JIpicea
n JxoHca (1971), npay HayaJo OPAOBMKCKOMY ceMeiicTBy Chirognathidae. Bce ocranb-
Hble KOHOJOHTHI IPOMcXoAAT OoT KemOpuiickoro pona Oneotodus. IIpMMHUTHMBHLIE TPOC-
Thbl€ KOHOJAOHTBI, JIMLUIEHHbLIE 3JIEMEHTOB CUMMETPUM, COXPAHUINUCL A0 CPeAHEero neBOo-
Ho. BepoATHO B KOHIle palHETO OPAOBMKA OT 9THMX KOHOAOHTOB Npou3omayu becue-
moctHele Heterostraci, uTo noka3biBaeT X MOPGOJIOrUA U MUKPOCTPYKTYpa. BaxKHBI-
MM COOBLITMAMMU B 3BOJIOLMM KOHOAOHTOB ObLIO IOABJEHME TpexpeGepHbIX CUMMETPH-
ECKMX JIEMEHTOB, a NO3XKe NoABJeHue 3jeMeHnTa oistodiform — mnockoro, ¢ yraybae-
HUeM KpasA [noj IJaBHbLIM 3y0oM. IIpocTble KOHOAOHTHI ¢ STUM 9JIEMEHTOM MOABUINCDH
F TPEMIJOKE M CYLIECTBOBAJM 1O KOHIa Kapajaoka (Distacodontidae). Camoe Soabiioe
PA3BUTHUE IIOJAYUWIM SBOJIOLMOHHBIC PAALI KOHOJOHTOB ¢ 3a3yOpeHHBLIMM KpPaAmM.
Onui U3 HUX, XapakTepu3YWILUUIICA NpeoblajaHMeM B COODIECTBE TPEXBETBUCTRIX
sjementoB (Prioniodontidae) npomzamén or Distacodontidae B pansem apenHure
(Mag~TeBuw, 1973). HekoTopble 5JeMeHTbl KOMILJIEKCa KOHOLOHTOR STOTO CeMeicTBa
NPOABJIANT MNPU3HAKM 00pa3oBaHyuaA naardopMpl IyTeM o06pa30BaHUA LOMNOJHUTCNb-
HbIX, 3y04aTb!X BeTBeil Ha paciuMpenusax Gasuca. Prioniodontidae mcueznu B kouue
KapajioKa, a NPOMCXOAAuiad OT HMX SBOJIOUMOHHAA BeTBb, (DOPMbI KOTOPOIl WMeNnu
naaTopMy, OOpa30BaABIUYIOCA 3a CHeT YBEJIMYEeHMA KOJM4ecTBa PAAOB 3yHuIkon
(Ycriodontidae) coxpanmnacs [O NMO3AHEro AEBOHA, NOABEPrafch YIPOLLUEHMIO Mopdo-
JIOTHMI BETBMCTBIX 3JIEMEHTOB COOOILEeCTBa.
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Hezasucumo ot Prioniodontidae pazBmnach 3a3ybpennocts Jgydein Periodontidae,
JTO OBIIO HAYaJNOM 9SBOJIOLMOHHBIX PAZOB KOHOAOHTOB, 00pa3yrouiMx KOMILIEKChI
¢ npeobranaHneM ABYXBeTBUCTbIX djaemeHTOB. OT Periodontidae mocpeacrBom Prionio-

dintidae BBEIBOmATCHA Bce OCTaJibHbIE IIOCJNEODAOBUKCKME KOHOAOHTBL AINIapaT CHUIY-
PUYCKMX M ITOCJEAYIOUIMX KOHONOHTOB 9TOM I'DYNILI COCTOUT U3 14 pas’HBIX MO MOpP-

dosornn M (PYHKUMAM KOHOAOHTCB, PACHOJIOKEHHBIX IIOCJIEIOBATEJbHO APYr 3a
ApyroMm, ¢ 3ybumMkamu oOpallleHHbIMU K cebe BRaMMHO. BO MHOIMX pAjax pa3sBUBaeTcsa
mnaTdgopMa y nepporo 3neMmeHta (polygnathiform), Kak mpaBMIJIO NYyTEM YMHOKEHMA

psnoe 3yGuMKoB. BHe anmnaparta HaXOAMJIUCh CHMMMETPUYECKNE IJIEMEHTHI.

EXPLANATION OF PLATES

Plate XLI

Fig. 1. Scalopellodus laevis sp.n. Upper Arenigian, erratic boulder E-116, P. originalis
Zone, ZPAL C. VI/1-341, X 150.

Fig. 2. Walliserodus costatus sp.n. Lower Llanvirnian, Mojcza limestone, sample
A-14, E. pseudoplanus Zone, ZPAL C. VI/1-342, X 140.

Fig. 3. Belodella serrata sp.n. Upper Llanvirnian, erratic boulder E-141, E. reclina- -
tus Zone, ZPAL C. VI/1-343, X 200. »

Fig. 4,7. Semiacontiodus cornuformis (Sergeeva). Lower Llanvirnian, erratic boulder
E-079, E. pseudoplanus Zone. 4 Asymmetric element with well devoloped basal
filling. ZPAL C. VI/1-344. X 120; 7 Symmetric element ZPAL C. VI/1-345, X
150,

Fig. 5. Semiacontiodus carinatus sp.n. Upper Llanvirnian, erratic boulder E-113, E. ro-
bustus Zone. Symmetric element, ZPAL C. VI/1-346. X 150.

Fig. 6. The same species and boulder. Asymmetric element, ZPAL C. VI/1-347, X 150.

Plate XLII

Fig. 1. Prioniodus alatus medius ssp.n. Lower Llanvirnian. Erratic boulder E-079,
upper part of the E..,pseudoplanus Zone. Keislognathiform element, ZPAL
C. VI/1-340, X 140.

Fig. 2. Triangulodus (?) alatus sp.n. Middle Llanvirnian. Oistodiform (?) element,
erratic boulder E-081, E. foliaceus Zone, ZPAL C. VI1/1-295, X 120.

Fig. 3. The same species. Middle Llanvirnian. Cordylodiform element, erratic boulder
E-149, E. reclinatus Zone, ZPAL C. VI/1-294, X 72.

Fig. 4. The same species. Middle Llanvirnian. Trichonodelliform element, erratic houl-
der E-149, ZPAL C. VI/1-296, < 90.

Fig. 5. The same species. Middle Llanvirnian. Cordylodiform element, erratic boulder
E-149, ZPAL C. VI/1-297, >< 120.
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Plate XLIII

. Polonodus clivosus (Viira). Lowermost Llanvirnian, erratic boulder E-080, lo-

wer part of the E. pseudoplanus Zone. Amorphognathiform (?) element, ZPAL
C. VI/1-217: a apical view, X 120, b lateral view, X 130.

. Eoplacognathus zgierzensis sp.n. Lowermost Llanvirnian, erratic boulder E-080.

Amorphognathiform element, apical view, ZPAL C. VI/1-298, X 72.

. Pygodus serrus (Hadding). Upper Llanvirnian, erratic boulder E-113, E. ro-

bustus Zone. Amorphognathiform (?) element, basal view, ZPAL C. VI/1-299,
X 180.

Plate XLIV

. Amorphognatus kielcensis sp.n. Lower Llandeillian, Méjcza limestone, sample

A-18, P. anserinus Zone. Oistodiform element, ZPAL C. VI/1-334, X 140.

. Complexodus pugionifer (Drygant). Upper Llandeillian, Mojcza limestone, sam-

ple A-19, A. inaequalis Zone, Amorphognathiform element, ZPAL C. VI/1-335,
X 90.

. Rhodesgnathus elegans polonicus ssp.n. Lower Caradocian, Mdjcza limestone,

sample A-21, P. gerdae Zone. Amorphognathiform element, ZPAL C. VI/
/1-336, X 100.

. The same species and sample. Ambalodiform element, ZPAL C. VI/1-337,

X 100.

. Periodon aculeatus zgierzensis ssp.n. Lower Llanvirnian, erratic boulder

E-089, lower part of the E. pseudoplanus Zone. Trichonodelliform element,
ZPAL C. VI/1-338, X 140.

. The same species and boulder. Oistodiform element, ZPAL C. VI/1-339, X 140.
. Prioniodus alatus medius ssp.n. Lower Llanvirnian, erratic boulder E-079,

upper part of the E. pseudoplanus Zone. Keislognathiform element, ZPAL
C. VI/1-340, X 140.



Table 1
THE FREQUENCY OF

Sequence of samples from erratic

JATIREIAN
¥ e - S
H E. asowte;lones B . . ~ralinatus

i suezigur [ folfacaus

-

g o [ N P o oo e
i Yy - FRBEERLIEEIEER
A dh G Addabs gl
- i e s * 5 = SAE = = - = m o= o= 4 eoma o oooaoal - - e -

B 2l &= o s . e e mm = e o e 2 2 e e d e
. L [ R P
| s s - - & = 'z = 2
| = ml - - - = T T U

s = ¥ I —— ~obustus
7] - LI D = = a2 =02 2 4 2 2 o o B e e - 6 = = -
", Ttrachanac-athug parvus L I T N N T T T T T L S
£. Fealpadlodan loneibasis % e T T - - .
3, Fanlrollotsn Taevis 2| - - A A - T T PSR
“0. Caslpell Ll I A T PN - 4 3 - T~ == ==5«.+9
1, Pandero 6791 - - - -+ e e - ee e 22 - - - .- 3~ -15 646 - » 25
. 6| - - - - 4 - 2. o -2 - - 23 2 1 - - LI R S
-1, L I T T R . e e e e e e e e e e e oo
a, [ s e e e e e e e e e e e aaas [
L -am = omomom o

s11tserolas Ap.sp. ’" = = 3] ethlngtont

82 = = = = < = - = R ]
<%, Tuatazontledus cornuforais 1858 L £ 2 812 - 2518 % - 4625
lasontiodus longicoatatua 200 - == = - - - - = - - =1 - - - e - -
wzinconticdus carinatus 0 m.ow mle, b= = - === =3 - « =

T. “ratonandarodus £9.5p. =
' I - =¥ . - - - -2 - - 113 - -2z
| 2em| e in s 5 - - 6 - 4% 6 a8 816 - -2
i - IO RAE BT R - - 3 -5 -3234 - -5
tadus /7/ comlsyuzetricus Y [ e e - =2 =255
e e e e o - . B I T
viparolstodus subsractus 247 73 M2 4H) B 101 M 1239436 - a =
-1 6 6 W Tw o= L 2 -11 22 21 - -
915 &17 W tet o4 2 - =12 =348 21
3. Paroistodus originalia - 3 47 ny - - e,
‘lstodus lsnasolatus 2 R T T T S,
Trlangulodus ap.ep. r = 0 [ alatus
N P I L IR T AR e Ee—
et | - - = = A B = - - - - - - - R R TR T T,
cor - T B I R R
ois I B T T e N T TP [ I,
J6. Upinedas spinatus pri LR e R R
S
cor| 6| - - - < & e e e m et et e e e e e e e aa e amea.a
. [ &, cedlul alatus saTatus

#7. Triontodus sp.sp. =
sareamd(1693 [ - 3 St

kelolig| 09| - 3

ers| 27| - 1
tat| 73| - 3 - 6

ota| gen| - 10

¢, Hhodpsgnathus olegans

b §

Azoryhognathus sp.cp.

- -2~ .- 1 =

30. Toplacograthus ep.ep.

pasudopl, | auccious Foliaceus| reclinatus
1 - -31203 8 32

- - - 225 317 & - 312 o
- = - 515 1 3012 - 4 - - &% =33 ~13 2
31. Polonodus cuvosus === 2 = === = === = e === =
32. Pygodus sp.sp.
sar| 9 e
P B T
33. Conploxodus pugionifer R
34, Blorozerkodine Ep.sp. orarkods1la
oz| q2a = - = & 1 = = = 0 C e~
neo| 21 ot L R R R L L
wey| 2 B T L
cor| 3 St e e = mmmmm e m===ean~
ots) 183 - - 3 2 - = = s - o e == ooy
35. Periodon sp.ap. LoTzonals
oz| 25 <9 = = = -1---2--<-«+-
nin| 6 B T
L I T T T T
L33 [ S T T T B L - - -
L 22 I e T R T
LT 1 e T T L T T T e T B P
arodus =urop e T T
3 e e e e e memm e mea. .
P T T T T T T T S
47, Zirlodella supaTba L L R R R R R R L R S R A T

Errata to the Table 1: for M.A-21 P. variabilis Zone read M.A-21 P. gerdae Zone; for M.A-22
P. gerdae Zone read M.A-22 P. alobatus Zone; for Histiodella atlantica read Histiodella serrata;y
for Microzarkodina sp., sample E-087 read Phragmodus sp., sample M.A-19.
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(continued)
CONODONTS IN SAMPLES
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