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The oldest well known conodonts had seven pairs of their phosphatic denticles 
arranged into a grasping apparatus closely resembling that of the Chaetognatha. 
During the Early Ordovician apparatuses with three morphologic groups of 
elements developed, and a single unpaired element that splits the apparatus into 
two parts, the posterior one being presumably enclosed into the throat. Sub- 
sequent evolution resulted in the development of an incisor-like morphology of the 
anteriormost pair of elements, a filtratory basket in the remaining exposed part of 
the apparatus, and a heavily molarized, hidden platform complex. Further devel- -. 

opment resulted in great diversity of forms of the apparatuses, from secondarily 
simplified, through robust (of the Myxine type), to highly sophisticated appara- 
tuses with all the element pairs being morphologically distinctive. The unusual, 
ventral location of molarized surfaces in some advanced conodonts suggests some 
change in muscular armament of the throat. Conodonts reached their greatest 
diversity in the Middle Ordovician. Co-occurrence of many morphologically similar 
sympatric species is typical for the Late Paleozoic. A modified classification of the 
conodonts is proposed. 
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Introduction 

Conodonts are known to occur from the Middle Cambrian (or even from 
the earliest Cambrian if Fomitchella belongs here) until the latest Triassic. 
The most distinctive feature of these animals is the bilaterally symmetrical 
oral grasping apparatus, analogous to that of the Chaetognatha but 
composed of phosphatic elements secreted under an epithelial cover in a 
way similar to the dermal denticles of the vertebrates. As in the chordates, 
particular elements of the conodont apparatus are composed of two kinds 
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of tissue. The crown was secreted' centrifugally from outside, therefore 
resembling the enamel of the chordates. The conical basal cavity of the 
crown may be filled with a tissue, which in primitive conodonts is pene- 
trated by channels and minute tubuli (Dzik 1986; Andres 1988), thus 
somewhat resembling the mesodermally secreted dentine of early verte- 
brates. Unlike vertebrates, the crown (enamel) formed the main part of the 
conodont elements and grew steadily, probably without any interruption 
by piercing. Since the time of discovery of the complete fossil conodont 
animal in the Carboniferous (Briggs et al. 1983, Aldridge et aL 1986), it is 
known that the body was naked, of lamprey shape, with V-shaped 
myomeres and an asymmetrical caudal fin. 

The only other group of fossil organisms that had a similar mode of 
secretion of a phosphatic skeleton and that preceded the conodonts 
stratigraphically is represented in the Cambrian and Ordovician by proble- 
matic sclerites of HadirnopaneUa, Utahphospha, and Milaculum (Dzik 
1986). It is possible that these belonged to the priapulid-like Palaeoscole- 
cida (van den Boogard 1989; see Kraft & Mergl 1989, Him et a1. 1990). This 
may mean that the chordates inherited the mode of secretion of their 
phosphatic dermal scales from worm-like ancestors. In such a case the 
origin of the conodonts from hypothetical earliest chordates, which had 
their bodies covered with minute conical phosphatic denticles secreted in 
epithelial pockets, was connected with transition to a fully pelagic mode of 
life and loss of the dermal armor. The denticles became restricted to the 
oral area where they helped in catching prey. The only anatomically known 
possible westergaxdodinid conodont ('paraconodont') Odontogriphus from 
the Middle Cambrian, with its annulated body and an oral apparatus of 
coniform sclerites, seems to fit this interpretation. 

Virtually all we can say about the conodonts is  a result of studies of 
their apparatuses. The apparatuses were composed of several pairs of 
phosphatic denticles, which were the parts of the conodont body most 
resistant to decay. Embedded separately in the soft tissue of the head, they 
occur frequently in fossil sediment as well-preserved, but almost always 
disarticulated elements. The disparity in chemical composition between 
the apatite elements and a rock matrix enables their easy extraction. 
Owing to mass occurrence in marine rocks of Late Cambrian to Late 
Triassic ages, evolutionary studies of conodont apparatuses is a routine 
method of time correlation in geology. The present precision and reliability 
in conodont-based correlation of Ordovician and Silurian rocks could 
hardly have be reached if apparatus reconstructions were not used. One 
may expect that further research on the evolution of apparatuses of the 
Late Paleozoic conodonts will result in a comparable precision in correla- 
tion. 

The conodont apparatuses are also of great, although still not adequ- 
ately recognized and appreciated, biological importance. The morphology 
of an apparatus contains much information, perhaps even more than can 
be inferred from morphologies of mammalian jaws; conodont apparatuses 
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are comparable in this respect with vertebrate skulls or echinoderm 
thecae. Unlike these latter fossils, widely used in evolutionary studies, 
easily identifiable conodont elements occur in great numbers in rock 
sections covering large amounts of geological time, being also not so 
sensitive to rock facies changes. This makes them an almost ideal object 
of studies on evolution. 

The present review will start with a presentation of basic arguments, 
derived from infrequent finds of articulated elements, which indicate that 
they were always originally assembled into apparatuses. Standard meth- 
ods enabling reconstruction of the original apparatus composition from 
isolated elements will be briefly presented subsequently. The inferred 
three-dimesional organization of the apparatuses in major groups of 
conodonts and terminology of isolated elements and apparatuses will then 
be discussed. Later on, a review of apparatus diversity within particular 
families and patterns of evolutionary transformations will follow. Some- 
what speculative interpretations of the functional meaning of particular 
evolutionary modifications and their implications regarding taxonomy of 
the conodonts will close the paper. 

Natural assemblages and clusters us. the fish-teeth 
paradigm 

Christian H. Pander (1856) believed that the conodont elements discovered 
by him represented teeth of a n  unknown group of fish. Conical shapes 
dominating among elements occurring in the Ordovician 'Glaukonitsand', 
a s  well as their coloration and transparency, really very similar to fish 
teeth, substantiated this view. Although there have been later claims that 
histologically conodont elements are unlike teeth (Rohon & Zittel 1886; 
Gross 1954), at  least some authors supported homology between the 
crown tissue of conodonts and the enamel of vertebrates and, consequent- 
ly, the basal filling tissue and the dentine (Schmidt & Muller 1964; Dzik 
1986). The tooth function of the conodont elements has found support also 
in functional analyses (Jeppson 1979; Nicoll 1985) although the way in 
which they acted, being covered with an epithelial tissue, remains a 
mystery (but see Bengtson 1976 and Carls 1977). Anyway, if one, like 
Pander, accepts the fish-tooth analogy (and/or homology) for the conodont 
elements, it is reasonable to expect that the diversity of elements within 
the same conodont animal was similar to the diversity of teeth in fish jaws, 
that is rather low and with continuous morphologic gradations in series. 
This is why Pander and his followers considered every discrete type of 
conodont element as  representing a separate species. 

G.J. Hinde (1879) was the first paleontologist to differ with the foregoing 
reasoning. He found inspiration in aggregates of conodont elements occur- 
ring on the bedding surfaces of the Late Devonian Genesee Shale. All the 
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diverse elements of the same aggregate were interpreted by him as repre- 
senting the same species. His reconstruction of the composition of the 
assemblage of elements belonging to the conodont animal has appeared 
later to be quite close to the real apparatus but it also has become obvious 
that these aggregates of elements represent coprolites or food balls of 
animals eating conodonts (Huddle 1972). This has made subsequent 
conodont workers extremely cautious in interpreting any assemblage of 
conodont elements. The first findings of true conodont apparatuses 
preserved on the bedding surface of the rock (Schmidt 1934; Scott 1935) 
met therefore much scepticism. It was not until the monographic treat- 
ment of natural assemblages of elements by Rhodes (1952, 1954) that 
most conodont investigators accepted a direct correspondence between the 
assemblages and conodont apparatuses. 

The term 'natural assemblage' is generally applied to an aggregate of 
elements on the rock bedding surface assumed to represent a n  articu- 
lated conodont apparatus (Fig. 1,3A). Aggregates of elements that remain 
connected even after treatment of the rock with acid (owing to an  insoluble 
mineral or organic substances keeping particular elements together) are 
called 'clusters'. Usually natural assemblages represent complete appara- 
tuses while clusters are their fragments. 

Supposedly most of such associations of elements originated through 
fossilization of conodont animal bodies in extremely quiet environments of 
sedimentation. However, at least some of them represent remnants of 
conodonts, that passed through digestive tracts of scavengers. In some 
cases this is clearly evidenced by the preservation of apparatuses of more 
than one animal together (Lange 1968), an admixture of elements repre- 
senting another species (von Bitter l976), or inferred features of displace- 
ment of elements in the apparatus @zik & Drygant 1986). Natural assemb- 
lages could thus represent contents of coprolites even if any obvious 
evidence of this is lacking. Anyway, whether they passed through a 
digestive tract or not, assemblages of conodont elements remain a valuable 
source of data as long as there is independent evidence for their complete- 
ness. Such an evidence can be provided by other natural assemblages 
showing identical composition, a s  well as  by apparatus reconstructions 
based on other lines of reasoning. The term 'coprolitic association' has to 
be applied only to associations of elements which are clearly unnatural 
and are supposed to originate by assembling together remnants of differ- 
ent species of conodonts in a scavenger stomach. 

The most important result of early investigations of natural assemb- 
lages was the unequivocal conclusion that conodont apparatuses were 
bilaterally organized, with elements arranged in morphologically distinct 
pairs. The fish-tooth (as well as fish scale) model was thus finally refuted. 
The conodont apparatus appeared to be similar rather to that of the 
eunicid polychaetes (Rhodes 1952) and hagfishes (Huddle 1973; Dzik 
1986; Sweet 1988). 
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Detailed studies on the spatial organization and functional morphology 
of conodont apparatuses, based on natural assemblages and clusters, had 
to be preceded by recognition of their exact element composition. The 
natural assemblages themselves are not convenient objects of morphologic 
investigation of particular elements because they are almost always 
crushed (an effect of sediment compaction), incomplete, and obscured by 
the rock matrix. The three-dimensional morphology of elements can be 
adequately studied only with elements freed from the rock either by 
washing of a loose sediment (as Pander did) or by dissolving the limestone 
matrix with acetic or formic acid, as for the first time was reported by 
Graves & Ellison (194 1). The latter method appeared especially profitable, 
resulting in extraction of complete elements in their original shape, as 
when they were enclosed by the sediment (Fig. 2). 

Acid in the hand of stratigraphic paleontologists tremendously in- 
creased the value of conodonts as age indicators in geology. In fact, 
hundreds of thousands of specimens have been collected and identified. It 
was only a matter of time that methods of reconstruction of the original 
apparatus composition based on these isolated elements were developed. 

The symmetry transition series and the platform complex 

The first step in the recognition of the original composition of conodont 
apparatuses on the basis of isolated elements was the observation that at 
least some element types recurrently occurring in samples can be arranged 
in morphoclines with stepwisely increasing asymmetry of particular ele- 
ments (Sweet & Bergstrom 1962). Such a morphocline was named the 
'symmetry transition series' by Lindstrom (1964). To apply separate Lin- 
nean names to each member of a symmetry transition series would be 
tantamount to a highly unrealistic assumption that there are series of 
closely morphologically related species, which always occur together in 
stable numerical proportions. Another interpretation, that the symmetry 
transition series represents apparatuses or, at least, their parts, was thus 
reasonable, the more so because such a gradation of element shapes was 
already recognized in natural assemblages. 

Recurrent association and morphologic similarity characterize also 
another series of elements, usually composed of two types of robust 
elements, which was named the 'platform complex' by Lindstrom (1964). 
Later Sweet & Schonlaub (1975) introduced a term 'pectiniform' for ele- 
ments of the platform complex, derived from their usual shape in early 
ozarkodinids, while Nicoll(1985) proposed to name them the 'contundens 
elements', referring to their proposed grinding function. 

The symmetry transition series and platform complex are sup- 
plemented in many conodonts by a single element type, which is morpho- 
logically .quite distinct from the rest of the apparatus, and which was 
named the 'makelliform element' by Sweet & Schonlaub (1975). 



270 Conodont apparatuses: DZIK 

Homologues of particular elements of the plafform complex, symmetry 
transition series, and the makelliform element can be traced even among 
conodonts having very simple apparatuses, which are not differentiated 
into discrete series of element types. In several apparatuses the homologue 
of the makelliform element appears to be the end-member of the symmetry 
transition series. In some simple apparatuses of coniform elements there 
is only a single symmetry transition series embracing all element types. 
There are also rare apparatuses in which quite different, sometimes 
unique, morphologic series of elements had developed or there is no 
apparent similarity between particular element types a t  all. 

Inductionist approaches to apparatus reconstruction 

While studying numerous samples of isolated conodont elements one can 
easily notice that some platform complexes, symmetry transition series, 
and makelliform elements are recurrently associated, while others occur 
in changing combinations. As all these three groups of discrete element 
types are known to occur in complete natural assemblages, this is just 
enough to assemble them together to reconstruct the exact composition of 
particular apparatus. For the first time this was done by Huckriede (1958) 
who gave a list of element types proposed to represent apparatuses of two 
Triassic conodont animals. 

If many samples from strata of approximately uniform age are available, 
the above method of inference appears simple enough to allow apparatus 
reconstruction by a single inspection of the frequency data matrix. It is 
tempting to apply then one of several available methods of numerical 
analysis of data matrices and this was performed by Kohut (1969), von 
Bitter (1972), and other early students of conodont apparatuses. Most of 
these studies were based on presence/absence methods and they gener- 
ally supported reconstructions of apparatuses proposed earlier on the 
basis of more or less intuitive approaches. 

A wider application of inductionist statistical methods to reconstruction 
of conodont apparatuses is hampered by two features of data sets: nomen- 
clatorial inconsistencies caused by mosaic evolution of elements within the 
apparatus and unbalancing of samples. The latter factor, resulting in 
unstable ratios between element types, dependent on the energy of the 
environment of sedimentation, appeared to be especially destructive in this 
respect and mostly because of it statistical methods have not helped in 
apparatus studies as much as was expected. Rather, numerical methods 
are used to test hypotheses proposed without such sophisticated soft- and 
hardware. 

It is rarely possible to gather extensive collections of conodont elements 
from a single geological horizon in many localities, like those from the Late 
Ordovician of the North American Midcontinent, on which the first mono- 
graphic presentations of reconstructed conodont apparatuses were based 
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Fig. 1. Natural assemblage of conodont elements of an early species of Hernilistrona from the 
Famennian of Moravskj. Beroun, Czechoslovakia (photograph courtesy of Dr. Jana Zikrnun- 
dova, Prague; published also in Habetin, V. & Knobloch, E. 1981. Kapesni atlas zkamenelin. 
SPN, Praha). 

(Bergstrom & Sweet 1966; Webers 1966). What one usually has are 
samples covering a significant geological time span. This strengthens the 
bias introduced by mosaic evolution of conodont apparatuses and compli- 
cates handling of data even in the most simple cases. As a result of this 
particular feature of evolution the same kind of element may occur in 
several different apparatuses (Klapper & Philip 1971) and practically each 
element type has its own, different stratigraphic range. To overcome this 
obstacle one has to base considerations not on particular morphologic 
types but rather on whole series of homologues of elements (Dzik 1976; 



272 Conodont apparatuses: DZIK 

van den Boogard & Kuhry 1979). Thus apparatus reconstruction should 
be involved in a feedback with phylogenetic studies. 

Numerical proportions among particular element types in samples are 
virtually never consistent with expectations derived from our knowledge of 
natural assemblages. Usual overrepresentation of the platform complex 
and underrepresentation of gracile elements of the symmetry transition 
series suggest that this is a result of selective sorting and preservation of 
elements (McGoff & Brigs  1988). It has been shown that due to the action 
of these factors almost all chi-square tests applied to quantitative data on 
conodont element distribution lead to rejection of apparatus reconstruc- 
tions (van den Boogard & Kuhry 1979: p. 4). 

Hypothetico-deductive methods in the apparatus studies 

It can safely be said that it is not so important what was the reason for 
presentation of particular apparatus reconstruction but, instead, it is of 
crucial importance how this reconstruction behaves in tests. This Popper- 
ian approach to apparatus reconstruction appears to be the most efficient 
tool in conodont studies. 

Because of the biases cited above the applicability of statistical methods 
to testing apparatus reconstructions is somewhat restricted. Perhaps the 
most appropriate method of data processing is factor analysis (van den 
Boogard & Kuhry 1979) although there is a great diversity of useful 
methods (see e.g. Horowitz & Rexroad 1982; Sweet 1988). One may doubt, 
however, whether it is possible to reject definitively any hypothesis in this 
way. At best, they can be graded as less or more probable. 

Although it is generally true that the efficiency of testing hypothetical 
apparatus reconstructions depends on the number of available samples, 
it is also not without importance what size are particular samples and 
what is their stratigraphic and geographical provenance. In fact, even a few 
large samples may allow severe tests of a hypothesis, granting that they 
are different enough in composition to have their component species in 
combinations excluding certain associations. Therefore it is helpful to have 
samples from at least different facies if not biogeographic provinces. They 
should be close enough to share some species but different enough to 
ensure that other species are missing in some of them. Then negative 
arguments can be used for reconstruction of the apparatuses, which 
otherwise are difficultly separated from their close allies. Some possible 
combinations of elements in apparatuses can be definitely rejected in this 
way. 

Thus, it is generally more profitable to consider a few large samples than 
many small ones. The sample size has to be large enough to ensure that 
the majority of element types are represented in s,tatistically significant 
numbers. In practice this means that in the case of rather well balanced 
samples from the Early Paleozoic an  optimum number of elements per 
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Fig. 2. Isolated elements of hibbardellid Primidinasp. (A-H) and palmatolepidid Mesotawis sp. 
(I-R) from the earliest Frasnian of Wietrznia in the Holy Cross Mountains (sample WTR- 11). 
all x 66. 
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sample would vary from one to three thousand (depending on diversity of 
a fossil assemblage), while in the case of unbalanced Devonian ones 
identification of apparatuses may require even greater numbers of ele- 
ments. 

Three-dimensional organization of the apparatus 

In early reconstructions of conodont apparatuses, based on natural as- 
semblages of Carboniferous age (Schmidt 1934; Rhodes 1952, 1954) it was 
assumed that the most common orientation of elements on the rock 
surface roughly corresponds to their original life position. Elements were 
thus reconstructed as arranged parallel to the long axis of the apparatus, 
attached to a common surface with all the cusps oriented in the same 
direction (Schmidt 1934; Nicoll l985), medially (Rhodes 1952, 1954; 
Collinson et al. 1972), or radially (Lindstrijm 1964, 1973, 1974). Most of 
the Carboniferous natural assemblages are preserved in a way which does 
not contradict these interpretations. Nevertheless, there are some natural 
assemblages, the most important being that of Mashkova (1972; here Fig. 
3A), and many clusters with an organization totally incompatible with all 
the above reconstructions. To explain at least some peculiarities of these 
clusters an idea of 'tetanus' was introduced, according to which a post- 
mortem muscle contraction resulted in the present opposing position of 
elements in clusters (Rexroad & Nicoll 1964). It seems more reasonable, 
however, to interpret these natural assemblages and clusters as  resulting 
from different directions of compression of the original apparatus struc- 
ture in the process of fossilization. The three-dimensional organization of 
the apparatus, from which all configurations known among natural as- 
semblages can be easily derived in this way, is that with particular 
elements arranged almost parallel to each other but transversely to the 
apparatus long axis and with opposing cusps (Fig. 3B; Dzik 1976, 1986; 
Aldridge et al. 1987; Smith 1990). 

An even more precise analysis of the element orientation is enabled with 
well preserved natural assemblages and clusters. One may note thus that: 

(1) Laterally compressed undisturbed natural assemblages have cusps 
of their elements oriented always toward that end of the apparatus that 
bears the makelliform element pair (that is, anteriorly). 

(2) Elements of the symmetry transition series have their cusps either 
hidden under processes of these elements which are located in front of 
them (sinistral series) or lying on the elements located in front of them 
(dextral series; see Fig. 3A). These two observations indicate that during 
life the element cusps were inclined somewhat anteriorly. This led Aldridge 
et al. (1987) to propose that the elements of the. symmetry transition series 
had cusps oriented anteriorly. Such a model, however, is a poor fit with 
natural assemblages arranged in a linear pattern (Aldridge et al. 1987: Fig. 
4.12) and its weakness is clear even if the parallel or perpendicular 
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Fig. 3. ClA. Identification of elements, following Jeppson's (1979) suggestions, in the assemb- 
lage of Pandorinellina rernscheidensis (Ziegler 1956) from the Gedinnian of Tadjikistan 
described by Mashkova (1972). OB. Three-dimensional reconstruction of the apparatus of the 
same species. A postero-ventral view of the head of the conodont animal 'cut out' in a way 
allowing presentation of the platform complex in the throat (modified after Dzik 1986). 

patterns are considered. It seems thus that the left and right series of the 
symmetry transition series formed rather a V-shaped structure which 
gaped anteriorly (Fig. 3B). 

(3) Elements of the platform complex deviated slightly in the orientation 
of their processes from the rest of the apparatus and their cusps are 
distributed randomly in natural assemblages either forward or backward 
(although always opposed in every pair). In clusters they occur usually in 
precise occlusion (Pollock 1969; Mietto 1982; Nicoll 1987, and others). 
This, in turn, indicates that their cusps during life were exactly opposed, 
unlike the symmetry transition series elements. 

(4) In well preserved clusters of ozarkodinid conodonts (Lange 1968; 
Nicoll 1985, 1987) a bilaterally symmetrical element seems to bind poste- 
riorly the left and right wings of the symmetry transition series. This 
element has its cusp oriented forward (Fig. 3B). However, in clusters of 
Cordylodus (Andres 1988) and Besselodus (Aldridge 1982) all the elements 
are arranged linearly and there is no evidence for any medial element 
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disturbing this arrangement (Fig. 4A), although isolated symmetrical ele- 
ments are known at least in some species (Nicoll 1990). 

Accordingly, a provisional reconstruction of the apparatus of the ozar- 
kodinid conodonts shows (Fig. 3B) a basket formed by the two mirror- 
image parts of the symmetry transition series connected into a single 
functional unit by the medial symmetrical element. The platform complex, 
set somewhat apart, has its elements opposing each other in pairs. 
Descriptive terminology for sides of the whole apparatus and elements will 
follow in this paper this proposed arrangement instead of the traditional 
convention based on the fish-tooth model of the conodont elements. 

Any speculation about functions of the conodont apparatus unavoid- 
ably leads to the conclusion that the robust elements of the platform 
complex, supposed to crush food particles, must be located behind the 
basket of the symmetry transition series, believed to perform filtering or 
grasping functions (Dzik 1976; Jeppson 1979; Nicoll 1985, 1987b; Al- 
dridge et al. 1987). These expectations were confirmed fully by the dis- 
covery of a Carboniferous conodont with preserved remnants of soft parts 
(Briggs et al. 1983). Furthermore, the distribution of elements in laterally 
compressed natural assemblages (see Fig. 1A,B) clearly indicates that in 
the Ozarkodinida the makelliform element pair was located in front of the 
rest of the apparatus, being followed by two pairs of 'hindeodella' elements, 
a pair of 'plectospathodus' elements, a pair of angularly bent elements, and 
an unpaired medial symmetrical element. The presence of the pair inserted 
between the 'plectospathodus' and the symmetrical element is evident in 
Manticolepis and Polygnathus (Lange 1968), Gondolella (von Bitter 1976; 
Rieber l98O), Gnathodus (Lane & Ziegler 1984) and Ozarkodina (Nicoll & 
Rexroad 1987). Its presence seems typical for all conodonts. Two types of 
'p1ectospathodus'-like elements seem to occur in the Late Ordovician 
ancestor of the Ozarkodina lineage (Nowlan et al. 1988) and even in the 
Early Ordovician Microzarkodina (Stouge & Bagnoli 1991), the oldest 
representative of the order. Perhaps numerical domination of the 'tetra- 
prioniodus' element type in samples of the Ordovician Balognathidae is a 
result of its occurrence in two pairs. No such domination in number of 
associated elements of the symmetry transition is observed and this is 
interpreted as the evidence for two separate element types being present 
in the Prioniodontida in positions homologous to two ozarkodinid 'hinde- 
odellas' (Dzik 1976). In the Gondolellidae there were five, instead of two, 
pairs of almost identical 'hindeodella' elements (RarnovS 1977, 1978; 
Rieber 1980). 

Elements of the platform complex are rarely found together with the rest 
of the apparatus in clusters, and in natural assemblages they are some- 
what apart. There is a distinct morphologic discontinuity between them 
and the rest of the apparatus. The most robust pair of the complex is 
invariably located at the posterior end of the apparatus. Judging from this 
position of the platform complex and the orientation of its elements it 
seems that it was hidden inside the body, probably in the throat. 
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The model of the conodont apparatus with seven pairs of elements with 
an  additional median one allows for potential occurrence of eight element 
types but the usual number is lower. Virtually all well known natural 
assemblages of conodont elements are of the Late Paleozoic age and they 
represent a single branch of the evolutionary tree, the derivatives of the 
Silurian Ozarkodina. Another great branch of the mostly Early Palaeozoic 
relatives of the Ordovician Prioniodus is known exclusively from isolated 
elements. They show a similar pattern of morphologic variability within the 
apparatus as the Ozarkodinina. I t  is possible to trace homology of elements 
in both these groups back in time to the stage of coniform common 
ancestors of Prioniodus and Ozarkodina. Drepanodus-like apparatuses 
composed of robust coniform elements appear to be the most archaic ones 
that still show the presence of distinct element series supposedly homolo- 
gous to those in advanced ozarkodinid and prioniodontid apparatuses 
(Dzik 1990a). The homology can be traced to Prioniodus through Acodus 
and to Ozarkodina through Rossodus, Oistodus, and Microzarkodina (Dzik 
1983). Except that probably in the Prioniodontida instead of two identical 
element pairs there were two distinct types homologous to 'hindeodella' 
while their 'tetraprioniodus' elements correspond to two distinct element 
pairs in the Ozarkodinida, they all are basically similar. An unexpected 
complication appears when tracing of homologies between elements of the 
Drepanodus and Panderodus apparatuses are attempted. Although there 
seems to be a consensus regarding homology of their main element types 
(Barrick 1977; Sweet 1979; Dzik & Drygant 1986; Smith et aL 1987) the 
apparatuses seem to show opposite polarities in size gradients of their 
elements, with the supposed homologues of the platform series being the 
smallest ones in the apparatus of Panderodus (Dzik & Drygant 1986). No 
discontinuity in distribution of morphologies within the apparatus of 
Panderodus is observed that could be compared with the distinction 
between the platform complex and the symmetry transition series in the 
Ozarkodinida and Prioniodontida. All elements of each side of the appara- 
tus in Besselodus, Panderodus, and Cordylodus seem to compose a single 
symmetry transition series (Andres 1981, 1988; Aldridge 1982; Dzik & 
Drygant 1986; Smith et al. 1987). In several genera belonging to this group 
(Dapsilodus, Scabbardella, Belodina) symmetrical elements are completely 
lacking in the apparatus, while in Panderodus some species possess them, 
others do not. Thus, it seems possible that, when symmetrical elements 
occurred, they were located behind the whole apparatus or, perhaps more 
likely, were paired (Fig. 4A). Consequently, any homology between the 
symmetrical elements of Panderodus and Drepanodus remains proble- 
matical. 

It may be provisionally concluded that the most primitive conodonts 
had seven pairs of coniform elements in their apparatuses, while in later 
conodonts a symmetrical element was inserted between the fourth and 
fifth pair. 
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Element notation: location and homology 

In early apparatus studies particular element types of the apparatus were 
labelled with binomens of former single-element species or with such 
generic names alone. This was rather inconvenient and easily led to 
confusion with the taxonomic nomenclature of the whole apparatus. 
Because of this, several special nomenclatorial systems, designed solely for 
elements within the apparatus, have been proposed. 

The idea of element notation was thus derived from, and remains 
nothing more than a modification of, the earlier monoelemental taxonomy. 
An element type is a unit that groups corresponding elements from 
different apparatuses. The correspondence is generally accepted to be of 
an evolutionary nature, morphologic differences being assumed to be a 
result of the divergent evolution of the apparatuses. A common ancestry 
is, in the framework of this concept, the basis for identification of different 
elements as representing the same type. The ancestry can be identified on 
the basis of a similarity in morphologic design of elements and/or their 
position in the apparatuses. Thus, for instance, elements with a long, 
robust cusp and characteristically bent processes, which occupy the 
frontal position in the apparatuses of the ozarkodinid conodonts and are 
derivatives of the common geniculate ancestor, are classified as the 
makelliform elements. Particular notation symbols are thus implicitly 
designed to designate homologues, even if one declines to admit this (like 
Sweet in Clark et al. 198 1 : p. W20). In this respect all the different notation 
schemes are quite uniform, being based on the same philosophy. 

Provenances of particular notation symbols are very diverse. The sys- 
tem of Jeppson (1971), which has priority being, among widely used ones, 
published first, derives its symbols from the first two letters of former 
generic names of elements that appeared to belong to the apparatus of 
Ozwkodina. This apparatus was thus implicitly indicated as the reference 
standard for homologization. This remains well within the spirit of biologi- 
cal terminology, where many anatomical terms were derived in a similar 
way. Other notation systems refer rather to morphologic groups of ele- 
ments in the apparatus. The most widely used system of this kind is that 
of Sweet (Sweet & Schonlaub 1975, modified by Sweet in Clark et al. 1981). 
The symbols of the element types are composed of a capitalized letter, 
indicating an assignment to a morphologic series of elements in the 
apparatus, and a small letter indicating proposed position in the series 
(Table 1). Although Sweet (in Clark et aL 198 1 : p. W 18) clearly stated that 
his system is applicable only to morphologically discrete element types he, 
in fact, introduced the idea of a location in the apparatus, which does not 
necessarily need to correspond to any recognizable morphologically 
(para)taxonomic unit. It is quite common that several locations are occu- 
pied by the same element type. 

Any notation system may thus serve both for indicating the homology 
of elements and their position in the apparatus. It is, however, rarely 
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Table 1 
Homology between locations in different element notation systems. 

possible to determine the exact number of elements in the apparatus on 
the basis of the morphology of isolated elements. Well preserved clusters 
show that, even if every pair may be somewhat different morphologically, 
this is frequently expressed only in small differences of the length and 
curvature of their processes (see RarnovS 1978; Nicoll 1985, 1987). In this 
sense most, if not all, apparatuses are octomembrate. Nevertheless, such 
a slight morphologic difference can hardly be discerned in samples of loose 
fossil elements being completely obscured by ontogenetic and population 
variability. Moreover, as  a result of evolution not only a single element type 
can diversify into several others but an opposite process, in which two 
element types can be reduced to a single one, has been documented (Dzik 
1976, 1990a). One has then to decide a t  what stage of such evolutionary 
convergence there are still two discrete element types and when to start 
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counting them as a single type. The concepts of penta-, sexti-, or septi- 
membrate apparatuses remain only a convention to express a degree of 
diversification of elements within the apparatus. It definitely depends on 
the personal preferences of students to exaggerate or rather ignore the 
differences between element types and, being subjectively biased, cannot 
be considered as a strict measure in the apparatus taxonomy. 

The simplest solution of the problem is to accept the idea that the 
element notation refers strictly to locations in the apparatus, whether 
respective elements are distinct morphologically or not. This enables 
application of the same system to both natural assemblages and isolated 
elements. In the latter case it is possible only to indicate all locations in 
the apparatus that are expected to be occupied by an element type (Dzik 
& Drygant 1986). Thus, for instance in the BaZtoniodus variabilis appara- 
tus where the elements occupying locations ke and hi are hard to recog- 
nize, it seems reasonable to label all of them ke-hi. 

A lack of a clearly indicated reference standard for a notation system is 
always a potential source of misunderstanding. I thus firmly support the 
original indication of 0za.rkodina as the reference standard for homologi- 
zation (Jeppson 197 1). At the present stage of knowledge of the conodont 
apparatuses it seems necessary to have also some other, provisional 
standards, more or rather less precisely homologized with the Ozarkodina 
apparatus. Well suited for such a purpose are among the prioniodontids 
Arnorphognathus, the palmatolepidids Manticolepis, and among the 
simple-cone apparatuses Drepanodus (Dzik 1990a). 

Taxonomy and nomenclature of apparatuses 

When early reconstructions of the conodont apparatuses based on isolated 
elements were proposed by Walliser (1964), he labelled each apparatus 
with letter symbols followed by a list of binomens that can be used for the 
element types included in the reconstruction. However, according to the 
nomenclatorial law of priority, only a single one of these binomens may be 
the valid name for the species. This rule was applied to natural assemb- 
lages already by Schmidt (1934) and to reconstructed apparatuses, in a 
sense, by Huckriede (1958). It has been fully executed for the conodont 
apparatuses for the first time by Bergstriim & Sweet (1966) and Webers 
(1966). 

It is quite clear that virtually every conodont element type has its own 
stratigraphic range different from ranges of other element types in the 
apparatus. A range of an apparatus chronospecies is therefore usually 
defined as tantamount to the range of the element type which shows the 
highest rate of evolution. When ranges of different element types only 
partially overlap, the range of the apparatus chronospecies may be defined 
as being shorter than any particular element type. This, however, does not 
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Fig. 4. Proposed arrangement of elements in panderodontid and distacodontid conodont 
apparatuses. OA. Apparatus of Besselodus arcticus Aldridge 1982; a reconstruction based on 
the cluster ofAldridge (1982). Note that in the possibly related Dapsilodus (Fig. 5C) all elements 
are also asymmetrical. OB. Apparatus of Drepanodus robustus Hadding 1913 sensuLindstrom 
197 1 ; a reconstruction based on isolated elements tentatively homologized with the elements 
in the apparatus of Ozarkodina by Dzik (1990a). . 

mean that the morphologically diagnostic element type must necessarily 
give its name to the apparatus. Often the law of priority does not permit it. 

To be efficient in conodont apparatus studies it seems better to forget 
at the beginning about the isolated element taxonomy. Any nomenclatorial 
search for the proper name of a biological (chrono)species has little to do 
with the morphological typology of its disarticulated elements. It has to be 
preceded by a standard taxonomic procedure, with recognition of paleo- 
phena, populations, biospecies, and definition of chronospecies (Dzik 
1990b). A recognition of populations belonging to the species is thus 
crucial in any taxonomic study and this must precede any nomenclatorial 
decision. All the type specimens of every named species that are included 
into the range of the apparatus chronospecies are candidates for being its 
holotype. The first proposed type is the bearer of the valid name, regardless 
of whether it represents a long or short ranging element type, diagnostic 
or not (Klapper & Philip 1971). It is enough to have reasonable suspicion 
that this holotype was a part of the body of a member of a population 
belonging to the chronospecies. In some cases it is possible to reach a high 
level of certainty in this respect (for instance, when only a single conodont 
species occurs in the type locality), even if the holotype specimen otherwise 
is an unidentifiable fragment. Its original diagnosis is not binding at all. 
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According to the same methodology the proper generic name of the 
apparatus is the oldest one proposed for any genus, as long as the type 
species of that generic name is a component of an apparatus species 
included in the apparatus genus. The originally designated type species of 
the genus may appear to be a junior synonym of one of its proper 
apparatus species names. 

An application of the above rules is rather simple in practice and if still 
so much confusion arises, this is mostly because of difficulties in the 
identification of exactly to which populations the holotypes belong. Some- 
times in the topotype bed many species occur that have in their appara- 
tuses elements identical with that to which the nqme is attached (this is 
the case with the type species of the Devonian Palmatodella; van den 
Boogard & Kuhry 1979). Sometimes it is no longer possible to make 
additional sampling in the type locality to identify the apparatus species 
occurring there (this is the case with the type species of the Ordovician 
Cyrtoniodus and the family Cyrtoniodontidae; Sweet in Ziegler 198 1). 

It has to be stressed that the recently accepted procedures of apparatus 
taxonomy require consistent application of the horizontal concept of 
chronospecies (see Dzik 1990b). Whenever the vertical concept, inherited 
from element taxonomy, is applied confusion is almost unavoidable. 

Ancestral conodonts 

It is still a matter of dispute when the first conodont appeared. The earliest 
Cambrian conical fossil FomitcheUa shows the same mode of formation of 
the crown tissue (Bengtson 1983) as the conodonts. It shares it, however 
also with another group of fossils, represented by Cambrian to Ordovician 
possible palaeoscolecid worms Hadimopanella and Milacdurn  with more 
widely conical crowns and a well mineralized tissue filling the basal cavity 
(Dzik 1986; van den Boogard 1989). Similarly to Fomitchella they had 
randomly distributed small crystallites in the crown tissue, which makes 
them similar also to the oldest agnathans. Like agnathans their sclerites 
covered a dermal skeleton. It remains unclear whether Fornitchella had 
sclerites restricted to the oral apparatus, being thus a conodont, or, as in 
the agnathans, they covered its whole body. 

The undoubtedly Cambrian conodonts represent three types of internal 
element structure. The most unusual mode of the early development of 
sclerites characterizes the Furnishinidae ('paraconodonts'). Their elements 
initiated as minute rods surrounded by the epithelium, lacking any basal 
cavity (Muller & Nogami 1971; Szaniawski 1971). Only with subsequent 
growth the element became more conical as  an effect of decreasing activity 
of the secretory tissue at the center of its base. A layer of weakly min- 
eralized basal filling tissue sometimes covers the interior of the basal cavity 
in larger elements (Andres 1988). The secretory activity of the epithelium 
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Fig. 5. Discrete element types in apparatuses of the Strachanognathidae (after Dzik 1990a). 
RA. Comuodus longibasis (Lindstr6m 1955). Arenig (Kundan) of the Holy Cross Mts. Poland. 
LIB. C. bergstroemi Serpagli 1967, Llanvirn of the Holy Cross Mts. OC. Dapsilodus viruensis 
(FAhraeus 1966). same strata. Note: In this and following figures the elements that are 
suggested to be hornologous to each other are arranged in vertical rows. Their homology is 
indicated with Jeppson's (1971) modiAed notation and in some well established cases also 
Sweet's (198 1) notation symbols are added. Reconstructions of particular elements are based 
on camera lucida drawings and/or photographs with their sizes roughly accomodated 
according to estimated means in the sample, magnification is thus approximately x 30. 

seems also to have been very weak or completely stopped at the element 
tips, perhaps an  effect of its periodic penetration (Bengtson 1976). 

The remaining conodonts had conical elements from the beginning of 
their secretion. In the Fryxellodontidae, Proconodontidae, and Cordylo- 
dontidae the crystallites of the crown tissue were arranged radially, per- 
pendicularly to the cusp surface (Miller 1980; Landing et al. 1980; Andres 
1988; Nicoll & Shergold 1991), while in typical conodonts the crystallites 
are oriented along the axis of the cusp (Barnes et d 1973; Lindstriim & 
Ziegler 1973). The longitudinal orientation of the apatite fibres is most 
visible in cusps of the Middle Ordovician 'Neurodontiformes' (Lindstrijm & 
Ziegler in Clark et al. 198 1). The basal filling tissue in early conodonts may 
be penetrated with tubuli (Klapper & Bergstriim 1984) showing some 
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similarity to mesodermal tissues in vertebrate dermal sclerites (Dzik 
1986). 

Apart from fragmentary associations of a couple of elements of Furni- 
shina (Andres 1988) and the somewhat problematic specimen of Odonto- 
griphus (Conway Moms 1976) the only. evidence on the organization of 
apparatuses in the earliest conodonts provides a cluster of elements that 
represents probably a complete one half of the apparatus of an early 
species of Cordylodus (Andres 1988). The cluster is composed of seven 
elements having cusps oriented approximately parallel to each other. All 
elements are similar in size and shape, the largest one being located in the 
center of the series. In the apparatus of Cordylodus alreadty wo discrete 
element types can be distinguished. One of them is similar to the 'cyrto- 
niodus' ne element of some later conodonts and, being most probably its 
homologue, occupies the anteriormost location in the apparatus. The 
second type dominates numerically in samples and seems to correspond 
to all the remaining locations, showing some morphological diversification 
(Nicoll 1990). 

According to Andres (1988) the denticulation of the inner processes 
developed gradually during ontogeny in Cordylodus. The genus derived 
from earlier conodonts with elements of a widely conical shape (from 
Proconodontus, with Eoconodontus and Cmbrooistodus as transitional 
forms; Miller 1989; Andres 1988). It seems reasonable to conclude that, 
except for the element denticulation, the apparatus of Cordybdus repre- 
sents the most archaic stage in the evolution of the typical conodont 
('euconodont') apparatuses. Judging from the available data the ancestral 
conodont apparatus was thus composed of seven pairs of rather widely 
conical elements of similar shape and size (Andres 1988). 

Grasping apparatuses of the chaetognath type 

Little is known about the three-dimensional apparatus organization of 
coniform-element conodonts. It seems that they shared their pattern of 
element arrangement with Late Ordovician Bessebdus, known from a 
seven-element, probably half-apparatus cluster (Aldridge 1982). This as- 
sumption finds support in a close similarity of the Bessebdus apparatus 
to that of Cordybdus. In both cases only two types of elements were 
developed, one represented by six pairs and another by a single one, all 
elements being of similar size. The single pair element type, characterized 
by a more inclined cusp as in Cordylodus occupies the marginal position 
in the apparatus. In the Bessebdus apparatus a slight size gradient can 
be detected, with the smallest element pair located posteriorly. It remains 
to be determined whether the genus is related to Early Ordovician Paltodus 
or rather to Dapsibdus, both having somewhat more diversified appara- 
tuses, as indicated by morphologic distribution in samples of discrete 
elements (Cooper 1976; Dzik 1990a), with up  to four element types (Fig. 



ACTA PALAEONTOLOGICA POLONICA (36)(3) 

Fig. 6. Discrete element types in apparatuses of the Belodellidae and Panderodontidae (&er 
Dzik 1990a). W. Walliserodus costatus Dzik 1976, Arenig (Kundan) of the Holy Cross Mts, 
Poland: costate elements, being very variable may actually not form any discrete morphologic 
classes. OB. Panderodus sulcatus (Farams 1966). lanvirn of the Holy Cross Mts. 

4A). All elements of Dapsilodus are asymmetrical, which seems consistent 
with the interpretation of the apparatus of Besselodus as having also all 
elements paired (Fig. 44. 

The ancestry of Dapsilodus remains unknown, but the morphology of 
its oldest known Late Arenig species suggests one of the most generalized 
simple-cone conodonts, Cornuodus, as a possible ancestor. Despite super- 
ficial simplicity the apparatus of Cornuodus is quite diversified (Fig. 5A, B) 
and gives an opportunity to homologize through it the element types with 
more advanced Ordovician conodonts. Cornuodus, if it really belongs with 
Besselodus and Dupsilodus to the same group, is its earliest repre- 
sentative. A large stratigraphic gap separates it from the similarly or- 
ganized early cordylodontid Eoconodontus that could potentially be its 
ancestor. It remains to be proven that the seven-pair apparatus is inherited 
by both the cordylodontids and Besselodus &om a common ancestor. 

Even more enigmatic is the ancestry of another group of simple-cone 
conodonts, the Panderodontidae, with apparatuses known from clusters 
(Dzik & Drygant 1986) and even a soft-body impression (Smith et aL 1987). 
The panderodontids are different from all the remaining conodonts in 
having opposite polarity in element size distribution. The largest element 
pair is located anteriorly @zik & Drygant 1986). This pattern has been 
documented by clusters also in Late Ordovician Belodina (Nowlan 1979) 
and Devonian Belodelh (Lange 1968). Although elements of Belodella are 
serrate it is otherwise closely similar to Walliserodus (Fig. 6A; see Cooper 
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1975). Walliserodus shares its ancestry in Scalpellodus with Panderodus 
(Dzik 1990a), thus it seems reasonable to conclude that the peculiar size 
gradient of the elements in the apparatus developed close to the base of 
the whole clade. It is suggestive of a grasping function and morphologically 
the apparatus of Panderodus is almost identical with that of the Chaetog- 
natha despite a different mode of formation of the elements (Dzik & 
Drygant l986b). 

Some species of Panderodus, WaUiserodus, and Belodella posess a 
bilaterally symmetrical element type in their apparatuses. It occurs in 
samples with frequencies that rather suggest paired occurrence in the 
apparatus. Nevertheless, in other species of the same genera, as well as in 
several other genera related to Belodina (Sweet 1979), no symmetrical 
element is present (Klapper & Barrick 1983). A plausible interpretation is 
thus that a pair of symmetrical elements occurred in some apparatuses 
that was homologous to a pair of asymmetrical elements in other appara- 
tuses (Dzik & Drygant 1986). 
All these most primitive conodonts thus had a grasping apparatuses 

with seven pairs of elements probably arming a fissure-like mouth and all 
being located outside the throat, as  is required by the proposed grasping 
function. This seems to provide evidence of a significant difference in 
anatomical organization from the remaining conodonts, which have their 
apparatuses subdivided into morphologic (and thus obviously functional) 
groups of elements. Despite a functional similarity between the pandero- 
dontid conodonts and the chaetognaths, the differences in structure and 
mode of secretion of elements exclude their closer relationship (but see 
Bengtson 1976 and Szaniawski 1982). 

Differentiation of element series 

Homology of elements can be traced from the best known Late Paleozoic 
conodonts as far back in time as  their Early Ordovician distant relatives 
with coniform elements, to Protoprioniodus and Acodus (Dzik 1983). The 
apparatuses of these conodonts are not unlike those of such early dista- 
codontids as  Paltodus and Drepanoistodus (Fig. 7C; van Wamel 1974). The 
most primitive conodont still having distinguishable element series in the 
apparatus that can be identified with those in the advanced conodonts is 
the Early Ordovician Drepanodus (Fig. 7B; Dzik 1990a). 

Isolated elements of Drepanodus form two morphoclines of discrete 
types. One of them is bracketed by a homologue of the ne element and a 
symmetrical proposed homologue of the tr element a t  its ends. All elements 
of this series have long cusps and can be arranged according to a 
stepwise-changing curvature and degree of asymmetry (FZhraeus & Hunter 
1986). A distinct morphologic gap separates another two kinds of elements 
that have rather short cusps and a wide base (Fig. 7B). Perhaps these are 
homologues of the platform complex of later conodonts. The fragmentary 
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Fig. 7. Discrete element types in apparatuses of the Protopanderodontidae and the Distaco- 
dontidae (after Dzik 1990a). RA. Serniacontiodus comufonnis (Sergeeva 1963). Arenig (Kun- 
dan) of the Holy Cross Mts. Poland. OB. Drepanodus robustus Hadding 1913, Llanvirn of the 
Holy Cross Mts (see also Fig. 4B). OC. Drepanoistodus basiovalis (Sergeeva 1963). Arenig 
(Kundan) of the Holy Cross ~ t s r  OD. Strachanognathuspan,~~~ Rhodes 1955, Llandeilo of the 
Holy Cross Mts. 

cluster of Drepanodus described by McCracken (1989; classified by him as 
Protopanderodus n. sp. A) confirms this interpretation showing that the 
two element pairs interpreted as  the platform complex really occupied the 
marginal position and that the homologue of the ne element was at  the 
opposite end of the apparatus. 
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The apparatus of Drepanodus, being the most diversified among all 
conodonts with coniform elements, is thus a suitable auxiliary reference 
standard enabling homologization of elements of the Protopanderodonti- 
dae and related groups. The earliest member of the family having a 
morphologically distinct symmetrical element in the apparatus was prob- 
ably Serniacontiodus (Miller 1980; J i  & Barnes 1990). This element type 
(Fig. 7A) occurs in samples with too high frequency to represent only a 
single medial location. Its homology to the symmetrical elements occumng 
in the apparatus of Panderodus remains unclear and, unless a well 
preserved cluster is found, detailed evolutionary studies are required to 
solve this question. One may speculate that the medial element developed 
at the junction of the V-shaped exposed part of the apparatus when the 
elements of the plafform series migrated inside the oral cavity. 

Origin of the filtratory basket 

The morphology of the symmetry transition series elements in the appara- 
tus of Drepanodus strongly suggests their grasping function, similar to 
that of the whole apparatus of Panderodus. The development of prominent, 
flat and high ridges (here termed 'cristae') along the cusp and with a 
tendency to be prolonged basally into processes seems to mark develop- 
ment of a new function of the elements. Cristate elements occurred among 
primitive members of several lineages of the conodonts and usually their 
appearance was soon followed by transformation into finely denticulated 
processes (see Dzik 1983). Obviously a presence or absence of denticula- 
tion in these lineages is of little diagnostic value and cannot be used to 
define high-rank taxonomic units. Such a widespread convergent develop- 
ment of rarniform elements suggests that the function, to which they 
served, had developed already earlier. 

The cristae originated in early conodonts usually along the inner and 
outer (following the physiologic orientation; see Fig. 3B) margins of their 
elements. Sometimes an additional medial (anterior) crista developed in 
the tr element and four cristae were present in the pl element. This pattern 
has been preserved in denticulate elements. Quite an elaborate arrange- 
ment of additional secondary processes may be found among more ad- 
vanced forms, especially in platform elements. Still, only two basic plans 
of the element ramification can be traced along the evolution back to the 
coniform stage. The simpler one is well exemplified by HistiodelZa, Proto- 
prioniodus, and Rossodus (Fig. 10). In their apparatuses the elements of 
the platform series are birarnous while the tr, lo, and pl elements bear 
three cristae or processes. Another pattern is represented by Acodus and 
its relatives, with originally triramous elements of the plafform complex (as 
well as  in the tr and ke locations) and a e  tetraramous lo and pl elements. 

Both these basic branches of the rarniform conodonts can be rooted in 
coniform ancestors. The lineage of Protoprioniodus, probably ancestral for 
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the order Ozarkodinida seems to be related to Histidella, which was 
traced back to the earliest Ordovician Utahconus by Repetski & Ethington 
(1983). The lineage of Acodus, ancestral to the order Prioniodontida, 
derived perhaps from Paltodus, a f o m  transitional to the distacodontids. 

Relationships of another early conodont with well denticulated ele- 
ments, Paracordylodus, remain unclear. A cluster found by Stouge & 
Bagnoli (1988) in the early Arenig of Newfoundland is composed of a 
geniculate ne element, located marginally, and five morphologically ident- 
ical denticulated elements. The apparatus embraces also a more robust 
element type, presumably occupying the location opposite to the ne one, 
thus being homologous to elements of the platform series. No trirarnous 
symmetrical element seems to be present in the apparatus. Either one of 
the identical elements in the cluster is the homologue of the tr element or 
the symmetry transition series .in Paracordylodus had one more pair of 
elements than other rarniform conodont apparatuses. 

The prioniodontid apparatus 

Cold and deep-water conodont faunas of the late Early and Middle Ordo- 
vician were dominated by conodonts that developed from Acodus by means 
of transforming cristae into finely denticulated processes. Although the 
composition and evolution of their apparatuses is relatively well known 
(Bergstrom 197 1, 1983; Dzik 1976, 1983, 1990a) in only a few cases the 
development of denticulation was traced (McTavish 1973; van Warnel 
1974; Stouge & Bagnoli 1988). In several lineages at least the sp elements 
were subsequently molarized by thickening of the element crown just 
basally of the denticle row (the 'platform')(e.g. see Ufgren 1990). Among 
the most advanced stellate platform elements the left and right counter- 
parts frequently do not form a mirror-image pair (Bergstriim 197 1, 1983), 
which was probably an adaptation to a grinding function. The ke elements 
initially had a long denticulated anterior process, being thus unlike the hi 
elements, but in the course of evolution the morphologic discontinuity 
between these element types gradually disappeared (Dzik 1976, 1990a). 
Percent contribution of hi-type elements in later Baltoniodus in well 
balanced samples (those not showing strong overdominance of platform 
elements) is twice that of the contribution of sp, oz, or ne elements. That 
is, it is equal to the contribution of ke and hi elements together in older 
species and to that of the 'tetraprioniodus' elements. The latter indicates 
that also locations pl and lo were occupied by morphologically indistin- 
guishable elements. Although such elements do not occur in the Ozarko- 
dinina they can be step-by-step homologized with Microzarkodina, which 
may serve as an intermediate link. Symmetrical elements are four times 
less common in Baltoniodus samples than the tetraramous pl-lo or bira- 
mous ke-hi, which testifies to their being unpaired. 



Conodont apparatuses: DZIK 

The only Ordovician natural assemblage of conodont elements, Promis- 
sum from the Ashgill of South Africa (Theron et al. 1990), contains 
tetrararnous lo and pl elements which, being confined to the prioniodon- 
tids, indicate taxonomic position of the fossil. Most interestingly the 
platform series of Promisssum seems to be composed of three pairs of 
elements, two of them being probably identical morphologically. Usual 
domination of oz elements in samples of older prioniodontids may thus 
find explanation in their possible repetition in the apparatus. 

In the Middle Ordovician some prioniodontid and balognathid lineages 
invaded equatorial seas and underwent a profound morphologic diversifi- 
cation that obscured the real basic plans of their apparatuses and harn- 
pered tracing their origins. The most important branch of this kind is 
represented by Phragmodus, which was derived from the balognathids in 
the Late Arenig (Watson 1988; Dzik 1990a). As a result of evolution all but 
the inner processes in tr, pl, and ke elements in its apparatus were 
reduced (Fig. 8B) and subsequently denticulation of the inner processes of 
the tr and pl elements became undulated (Fig. 8C). Possibly Paraprionio- 
dus is an early sister lineage of Phragmodus confined to equatorial regions 
(Dzik 1983). During the Llandeilo and Caradoc a few other warm-water 
lineages developed within the Phragmodus branch (Sweet in Ziegler 198 1). 
A n  exclusively Siberian branch of Acanthocordylodus (Fig. 8D) developed 
a peculiar serration of elements that initially appeared only in the ne 
elements and later expanded to other ramiform elements of the apparatus, 
which simultaneously underwent some morphologic simplification (Mos- 
kalenko 1972). 

An odd tendency is shown by the apparatus morphology of Compkxo- 
dus (Fig. 9A; Dzik 1990a) a typically South Chinese form. While in other 
supposedly related prioniodontids an  introduction of secondary processes 
in sp elements was preceded by a development of the platform, in the 
Compkxodus lineage during the late Llanvirn two anterior processes 
originated without building any plafform. Somewhat later the element was 
molarized by a widening of the denticle tips, forming what I here propose 
to name 'icrions'. Rather unusual is also the evolution of its symmetry 
transition series. The elements tr and pl at  the beginning had typical 
features of the balognathids (which make their identification in samples 
dominated by Baltoniodus and Amorphognathus rather difficult) but later 
on the medial process in the tr element has been reduced and similar 
transformations took place in the pl elements (Fig. 9A). 

It seems highly probable that Compkxodus is an  early representative of 
a still poorly known branch of the Pterospathodontidae, characterized by 
a similar morphology of the symmetry transition series. Late Ordovician 
Birksfeldia is probably a transitional form to several Silurian lineages of 
the family (see Uyeno & Barnes 1983) in which stellate sp elements are 
molarized either by developing a plafform (Astropentagnathus) or icrions 
(Distomodus). In the latter genus a well developed platform occurs also in 
the symmetrical element (Over & Chatterton 1987). 
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Fig. 8. Discrete element types in apparatuses of the Ansellidae and the Balognathidae. QA. 
Ansella robusta (Ethington & Clark 1981). Llanvirn (Volginian) of the Moyero River, Siberia. 
OB. Phmgmodus(?) crassulus (Lindstrom 1955). Arenig (Latorpian) of the Baltic region (after 
Dzik 1984). OC. P. poZonicus Dzik 1978. Llanvirn of the Holy Cross Mts (after Dzik 1990a). 
OD. Acanthocordylodus(?) euenkiensis (Moskalenko 1970). Llandeilo (Kirenian) of the Moyero 
River, Siberia.(A and D based on samples collected by Dr. T.A. Moskalenko. Novosibirsk:) 

Within the Silurian lineage of Pterospathodus the ne element acquired 
an  additional posterior process, becoming in this respect similar to Ordo- 
vician Arnorphognathus, which is not directly related. This process became 
denticulated in Llandoverian Pranognathus. M-ik & Aldridge [1989), 
discussing the composition of the apparatuses of PrQnognathus, identified 
eight element types in it, introducing a third location for the platform 
complex. A relatively robust triramous element of this kind, not belonging 
to the platform series, occurs also in Birksfeldia. Possibly it represents the 
pl location, while the alleged second makelliform element in Birksfeldia 



292 Conodont apparatuses: DZIK 

(McCracken et aL 1980), as well as  the member of the symmetry transition 
series with short processes in Pranognathus, may belong to the lo location. 
If this interpretation is correct these pterospathodontids are the only 
conodonts that have morphologically discrete elements at all locations. 

Secondarily coniform elements 

In the Llanvirn of Thuringia and the Sudetes, as well as in the Llandeilo of 
the Armorican Massif and the earliest Caradoc of Wales an early species of 
Icriodella occurs that may help in understanding the origins of the Icrio- 
dontidae (Fig. 9B; Bergstrom 1983; Dzik 1990a). Despite a strange irregu- 
lar denticulation it is somewhat similar in its apparatus structure to 
Baltoniodus except that it does not possess any tetrararnous elements. 
Whether the lack of the fourth process in the homologue of the pl (and lo) 
elements is an effect of a secondary simplification (as in Complexodus) or 
is an  ancestral feature remains unknown.The latter case would require 
derivation from another simple-cone ancestor than Acodus, which seems 
rather unlikely. 

During the Caradoc the sp elements of IcriodeUa underwent a signifi- 
cant transformation, with its external ('posterior') process developing a 
fusiform molarized area (icrion) and the inner process starting its gradual 
reduction. At the same time the remaining elements of the apparatus 
became more and more simplified morphologically. In the Early Devonian 
Pedavis and Latericriodus, the elements of the symmetry transition series 
can still be easily homologized with respective locations in prioniodontid 
apparatuses (Serpagli 1983) but in the Late Devonian icriodontids there 
are only coniform elements present in all the locations except for the sp  
(Nicoll 1982). 

In Icriodus (probably also in Pelekysgnathus) hundreds of small simple- 
cones co-occur in the apparatus with a single pair of molarized s p  elements 
(Lange 1968; Nicoll 1982). The most reasonable interpretation of this 
phenomenon refers to a common feature of a weaker mineralization of 
denticle bases in the processes of ramiform elements (see Walliser 1964: 
P1. 10: 1-6, 10- 12). In some Middle Ordovician equatorial conodonts this 
resulted in development of several secondary 'simple-cones'. Among cold- 
water forms the balognathid Sagittodontina was proposed to have distal 
denticles of its ramiform elements attached'to uncalcified processes (Dzik 
1990a). Pathological specimens of Early Silurian Carniodus with basally 
connected units that usually occur separately (Walliser 1964: Fig. 4y) 
suggest that they too represent isolated parts of ramiform elements with 
weakly calcified bases. Growth increments visible in the basal cavity of 
Coryssognathus elements (vaq den Boogard 1990) show that initially 
isolated denticles have been unified later in histogeny. 

Within the Icriodontidae the process of simplification not only expanded 
from the symmetry transition series to a t  least the oz elements in the 
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Fig. 9. Discrete element types in apparatuses of the Pterospathodontidae and the Icriodonti- 
dae. OA. Cornpleuoduspugionifer [Drygant 1974). Llandeilo of the Holy Cross Mts [after Dzik 
1990a). OB. Icriodella praecox Lindstrom, Racheboeuf & Henry 1974, Llandeilo of the 
European Variscan belt and earliest Caradoc of Wales (data compiled from Lindstr6m et aL 
1974, Bergstrom 1983 and Dzik 1990a). OC. Latericriodus woschmidti (Ziegler 1960). Gedir- 
nian of Sardinia (after Serpagli 1983). 

platform series, but also the sp elements lost their molarized icrion in 
Pelekysgnathus. This tendency was reversed again in some lineages and 
secondarily ramified sp elements developed in the latest Devonian icrio- 
dontids (Sandberg & Dreesen 1984). There are also examples of a molar- 
ization of oz elements that followed development of extremely complex 
icrions in the sp elements (Uyeno & Klapper 1980). 

The most celebrated event of secondary simplification of apparatus 
elements is that preceding immediately the complete extinction of the 
conodonts in the latest Triassic. In the lineage of Misikella the sp elements 
became extremely small, with only a few denticles developing, evidently 
because of the minimum size of the denticle morphogenetic field typical for 
conodonts (see Dzik & Trammer i980). Remaining elements preserve 
typically gondolellid morphologies but some extremely simplified, almost 
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coniform elements tend to be associated with them in samples. Whether 
they represent another apparatus, as proposed by FAhraeus & Ryley 
(1989), remains not quite clear. 

Evolutionary roots of the ozarkodinids 

The oldest undoubtedly ozarkodinid apparatus yet known is that of early 
Arenig Periodon. The elements pl and tr in this apparatus are distinctly 
trirarnous, with all processes (or cristae) equally well developed. Among 
older conodonts with undenticulated cristae early representatives of the 
lineages of Protoprioniodus and Histiodella can be considered as  potential 
ancestors of Periodon (see van Wamel 1974; McHargue 1982). The lineage 
of Histiodella is known to be derived from Rossodus (Fig. lOA), which in 
turn can be attached to Utahconus, one of the oldest known typical 
conodonts (Repetski & Ethington 1982). In the Utahconus-Histidella 
lineage the medial process of the tr elements (and the analogous process 
in pl elements) is quite rudimentary, while in Protoprioniodus and its 
supposed close relative Oistodus (Fig. 10C) the medial crista and process 
are prominent. It remains unclear whether this is a primitive feature, then 
being suggestive of a relationships rather to early prioniodontids than to 
Rossodus, or a derived one. Bed-by-bed evolutionary studies in non-con- 
densed Late Tremadoc to Early Arenig sections are thus of crucial import- 
ance to understanding the early phylogeny of the Ozarkodinida. 

The evolutionary development of denticulation in early Peridon has 
been traced in the Arenig of Newfoundland (Stouge & Bagnoli 1988). 
Subsequently the lineage exhibits a tendency toward reduction of lateral 
processes in the tr element (and analogous processes in other members of 
the symmetry transition series) associated with an expansion in length of 
.the medial process. This is exactly the same tendency that was somewhat 
later expressed in the balognathid lineage of Phragmodus. In effect, Phrag- 
rnodus and Periodon, being ecological equivalents in different zoogeo- 
graphic provinces, become so similar to each other that some authors 
class@ them in the same family (Bergstrom in Clark et aL 198 1). 

A quite different (perhaps primitive) appearance of tr, lo, and pl ele- 
ments is typical for Microzarkodina, probably the ancestor of all the 
remaining Ozarkodinida. This phylogenetic position of Microzarkodina is 
supported by the morphology of the oldest well dated species of Plectodina 
from the latest Arenig of Newfoundland (Stouge 1984; erroneously labelled 
l? polonica in Dzik 1983), which still had undenticulated, geniculate ne 
elements. Most species of Plectodina had this element denticulate, at least 
at the internal process. Such denticulation is known to occur at least from 
the Llandeilo, but possibly appeared as early as in the Middle Arenig 
(unless its co-occurence with Volkhovian conodonts in the Sudetes is not 
a turbiditic reworking; Dzik 1 99Oa). 
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Fig. 10. Discrete element types in apparatuses of the Oistodontidae. OA. Rossodus manitouen- 
sis Repetski & Ethington 1983, Tremadoc (Gasconadian) of Colorado (after Repetski & 
Ethington 1983). OB. Histiodella kristinae Stouge 1984, Llanvirn of Newfoundland (after 
Stouge 1984). OC. Oistodus lanceolatus Pander 1856, Arenig of the Baltic region (after Dzik 
1983). 

The oz element in primitive Plectodina was triramous, with its anterior 
process being in the form of a n  undenticulated crista rather than a true 
process (Fig. 11A). The phylogenetic meaning of this feature remains 
unclear, possibly it developed secondarily at the anterior side of the base 
that is already strongly convex in Microzarkodina. In the Late Ordovician 
at least a few lineages developed from Pkctodina in which the oz element 
was again birarnous (Sweet 1979). 

While the early evolution of Pkctodina seems to have taken place in 
temperate climatic seas, Erraticodon itself represents an equatorial li- 
neage. If the dating of the Sudetes population of Plectodina is correct than 
it precedes slightly the appearance of Erraticodon, known to occur already 
in the Late Arenig of Australia (Cooper 1981; Watson 1989). Despite its 
robust appearance and a prominent hyaline denticulation of elements, the 
apparatus of Erraticodon (Fig. 12A) is not unlike that of Plectodina, being 
even more similar to OuZodus, a Late Ordovician derivative of the Plectodina 



Conodont apparatuses: DZIK 

branch. Elements in the apparatus of Erraticodon supposed to be homolo- 
gous with the sp location bear a rudimentary anterior process, similar to 
the oz elements in Plectodina. Again, the meaning of this discrepancy in 
the distribution of triramosity remains to be explained; definitely it makes 
the presently accepted homology somewhat uncertain. 

The identification of discrete element types and their homologization by 
Sweet (1982) in robust apparatuses of rarniform elements of Erisrnodus 
and Chirognathus indicate their evolutionary proximity to Erraticdon (Fig. 
12B, C). Possibly also Archaeognathus, with its unusually developed basal 
filling tissue (BergstrGm & Klapper 1983) and discontinuous crown tissue, 
confined only to the denticles, is a member of this group. The morphology 
of the Archaeognathus elements and its (still inadequately known) appara- 
tus is of special interest because of its similarity to the jaws of hagfish (see 
Dzik 1986). Immunological studies on Recent Myxine documented bio- 
chemical affinities of its epithelium to the enamel tissue (Slavkin et al. 
1983). This may be an expression of once functional but now quiescent 
genes (see Kollar & Fisher 1980). It cannot be thus excluded that, despite 
the purely organic composition of the Myxine teeth, its apparatus derived 
from an Archaeognathus-like ancestor. If any relationship of this kind 
occurs then the organic hagfish teeth might correspond to the basal filling 
tissue of the conodonts, the highly mineralized crown tissue being lost 
during evolution. Krejsa et al. (1990) comparing the 'white matter' of the 
conodont crown tissue with the tubular tissue of myxinid teeth apparently 
missed to notice the basic difference in ways of secretion of these tissues. 

The oldest species of Oulodus (Fig. 1 1 B) appeared in the North American 
Midcontinent in the Middle Caradoc without any obvious ancestor in the 
area (Sweet & Sch6nlaub 1975). It is most similar to Plectodina among 
species of the genus having undenticulated external processes of the 
symmetry transition series elements and blade-like sp elements. Later 
species have well denticulated external processes of the hi and ne ele- 
ments. What is most important from the evolutionary point of view, close 
to the Ordovician-Silurian boundary the cusp of the ne element became 
slightly erect, while its inner process arched (McCracken & Barnes 1981). 
These transformations seem to mark the origin of an apparatus type that 
characterizes almost all post-Silurian conodonts. 

Late Paleozoic successors of Oulodus 

It is proposed here to consider the development of the 'neoprioniodiform' 
ne element shape in the Ouldus lineage as  a convenient point of demar- 
kation of the lower boundary of the Hibbardellidae. Beginning from the 
basal Silurian they are represented by the genus Delotauis, which shows 
the same general organization of the apparatus as  almost all other well 
known members of the Ozarkodinida (Sparling 1981). This is clearly 
evidenced also by clusters from the kasnian Gogo Formation of Western 
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Fig. 11. Discrete element types in apparatuses of the Plectodinidae, Hibbardellidae, and 
Spathognathodontidae. OA. Plectodina aff. ._flexa (Rhodes 1953). Arenig (Volkhovlan) of the 
Sudetes, Poland (after Dzik 1990a). OB. Oulodus serratus (Stauffer 1930), Caradoc (Kirkfiel- 
dim) of Iowa (after Sweet & SchOnlaub 1975). OC. Delotawis(?) robusta (Branson, Mehl. & 
Branson 1951), Ashgill of Kentucky (after Sweet & Sch6nlaub 1975). OD. Ozarkodina hassi 
(Pollock. Rexroad, & Nicoll 1970), Llandovery of the Anticosti Island (after McCracken et a1 
1981). 

Australia (Nicoll 1977). The main lineage of the hibbardellids continued 
into the Carboniferous with Idioprioniodus, also known from natural 
assemblages (e.g. Schmidt & Miiller 1964), and distiguishable by the 
rather unusual shape of the oz elements, which superficially resemble 
rather ne elements of other conodonts (Baesemann 1973). 

The diversification of the Hibbardellidae during the Devonian and 
Carboniferous resulted in development of several unusual and still super- 
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ficially known kinds of apparatuses. Triramous elements of the symmetry 
transition series characterize Kladognathus, which in the Late Devonian is 
represented by species otherwise closely similar to Debtaxis but achieving 
rather aberrant appearance in the Carboniferous (Rexroad 198 1 ; Horowitz 
& Rexroad 1982). In Late Carboniferous to Triassic Ellisonia all elements 
are secondarily simplified morphologically (von Bitter & Merri11 1983). 
Perhaps it gave rise to several other lineages of robust Early Triassic 
conodonts (Sweet in Clark 1981; Sweet 1988). Much less clear is the 
relationship of the Devonian group of Erika and Apatognathus charac- 
terized by highly derived morphologies of all elements (Murphy & Matti 
1982; Nicoll 1980). Possibly they are rooted in some Debtaxis species 
having highly arched element processes (see Pickett 1980). 

Chauff (1981) proposed a reconstruction of the apparatus of Early 
Carboniferous Bactrognathus, in which a stellate molarized sp element is 
associated with a symmetry transition series virtually identical with that 
of the hibbardellid Idioprioniodus. A test of this reconstruction by other 
data sets would be of great interest as  it indirectly implies derivation of the 
Bactrognathidae from hibbardellid ancestors. An alternative possibility is 
to search for the ancestry of the group among Late Devonian Branmehla- 
like polygnathids (Chauff & Klapper 1978). The Bactrognathidae, repre- 
sented by several aberrant kinds of apparatuses with stellate sp elements 
(like Doliognathus and Scaliognathus; Fig. 13B), became widely distributed 
close to the Tournaisian-Visean boundary, evidently in connection with a 
global transgression and climatic changes. Their origin remains unknown. 

The Ozarkodina grade 

No unequivocal record of Ozarkodina is known from the Ordovician. Most 
isolated elements once assigned to the genus are not associated with 
characteristic flattened pl and arched ne elements. Ymxianognathus of 
Ashgill age, proposed by Nowlan & McCracken (1988) to be a connecting 
link between Plectodina and oldest Llandovery Ozarkodina has the ne 
element of rather an aberrant shape (see also Savage 19901. Although, as 
in the post-Ordovician Ozarkodinida, denticles are oriented parallel to the 
cusp, the inner process is not arched a t  all. This highly characteristic 
arching is, nevertheless, well developed in Llandovery Debtcvcis and seems 
to develop already in the Ashgill within the Oubdus-Debtaxis lineage (Fig. 
11C). Thus, either successive species believed to represent this lineage 
developed independently from the true Plectodina-Ozarkodina lineage 
somewhere in the temperate climatic zone and migrated to the equatorial 
Midcontinent seas, or, which seems more likely to me, Ozarkodina de- 
veloped from Delotaxis. 

A good record of Ozarkodina, with samples rich enough to enable 
apparatus reconstruction, starts from the base of the Llandovery of regions 
located at that time close to the Equator. The oldest known species differ 
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Fig. 12. Discrete element types in apparatuses of the Chirognathidae. OA. Erraticodon balticus 
Dzik 1978, Llanvirn of the Baltic region. OB. Erisrnodus quadridactylus (Stauffer 1935). 
Caradoc (Kirkfieldian) of South Dakota (after Sweet 1982). OC. Chirognathus duodactylus 
Branson & Mehl 1933, Kirkfieldian of South Dakota (after Sweet 1982). 

from co-occurring hibbardellids only in the blade-like appearance of all 
elements of the apparatus (McCracken & Barnes 1982), which may be a 
feature indicating their origin in cooler-water faunas. 

Clusters of diverse geological ages (Pollock 1969; Nicoll 1985; Nicoll & 
Rexroad 1987)) indicate that there were seven pairs and a single medial 
element in the apparatus of the Spathognathodontidae, the tr, lo, and pl 
locations being occupied by biramous elements. The most persistent 
progressive evolutionary transformation that can be observed in appara- 
tuses of Silurian Ozarkodina is the transformation of the pl-lo elements 
from their original shape of an  asymmetrical 'trichonodella' to the appear- 
ance of a short 'hindeodella', i.e. a complete disappearance of a rudimen- 
tary third process and a linear elongation of the remaining processes in 
this element. In all the later Ozarkodinida the pl and lo elements resemble 
elements of the ke-hi locations not only morphologically but also in their 
processes being arranged parallel to each other. It is noteworthy that the 
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reduction of quite another process in the apparatuses of Periodon or 
Phragrnodus gave quite similar results. The difference is clearly visible only 
if tr elements of Ozarkodina, Microzarkodina, and Periodon are compared. 
If these totally different transformations resulted in the same final parallel 
arrangement of elements, some rotation of elements in the apparatus of 
the ancestor of Ozarkodina has to be accepted. 

The transformation of the lo-pl elements did not affect the morpholos 
of the tr element that has preserved its biramous shape until the Triassic, 
being represented in the Late Paleozoic by the lineage of Hindeodus (von 
Bitter & Merrill 1985). As early as in the Early Ordovician Microzarkodina 
(Stouge & Bagnoli 1991) morphologically distinct elements of pl and lo 
locations developed. Even if the difference is usually not apparent it 
persisted in the evolution of the branch (see Rexroad & Horowitz 1990: P1. 
1: 26-27). Rather early in the evolution of Ozarkodina a tendency to a 
molarization of the sp element appeared. This resulted in the origin of the 
lineage of Kockelella in the Wenlock (Barrick & Klapper 1976) and Ancyro- 
delloides in the Early Devonian (Murphy & Matti 1982), both having 
stellate elements with a wide plafform. Nevertheless, the Spathognatho- 
dontidae generally continued to preserve a blade-like appearance of their 
sp elements, although in some cases a duplication of denticles took place 
(Murphy et al. 1981) and some shallow-water forms developed rather 
robust shapes in all elements (Klapper & Murphy 1980). 

The polygnathid apparatuses 

During the earliest Devonian in a lineage leading from Ozarkodina to 
Pandorinellina the tr element developed a long, denticulated medial pro- 
cess, while the lo and pl element experienced further elongation (Mashko- 
va 1972). This well known evolutionary transition represents a convenient 
point of demarkation of the lower boundary of the Polygnathidae. 

The apparatus of Pandorinellina is well known owing to excellently 
preserved natural assemblage from the Gedinnian of Tadjikistan (Fig. 3; 
Mashkova 1972) and equally complete clusters from the Late Devonian of 
Germany (Lange 1968). Several lineages of the polygnathid conodonts that 
preserved unmolarized, blade-like sp elements developed during the Devo- 
nian and continued into the Carboniferous (Norby & Rexroad 1985), 
Permian (Swift & Aldridge 1982; Wardlaw & Collison 1984) terminating 
probably in Anisian Neospathodus. 

Lineages of the polygnathids with molarized, plafform elements in the 
sp location were even more numerous. The most important branch of 
Polygnathus originated in the Early Devonian developing initially a lopho- 
dont icrion-like structure on the internal process of the sp element, 
somewhat later transformed into a platform-like structure (Klapper & 
Johnson 1975). Numerous Middle Devonian species of the genus have 
rather uniform apparatuses structure, with gently curved lo elements and 
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Fig. 13. Discrete element types in apparatuses of the Polygnathidae, Bactrognathidae, and 
Idiognathodontidae. OA. Polygnathusxylus Stauffer 1940, Frasnian ofwestern Australia (after 
Nicoll 1985). OB. Scaliognathus anchoralis Branson & Mehl 1941, Toumaisian of the Holy 
Cross Mts. OC. Gnathodus bilineatus (Roundy 1926). Visean of the Cracow area. Poland. 

wide-arched ne elements (Sparling 1981), differing mostly in the morpho- 
logy of the platform elements. Stellate sp elements developed in Ancyrodel- 
la, which belongs to this branch of the polygnathids. They developed by 
widening of the plafform and only subsequent transformation of its tuber- 
culation produced a process-like carina. All the Late Devonian and Early 
Carboniferous Polygmthus-like conodonts (including SiphonodeUa, which 
appears to be a typical polygnathid) share an angular shape of the lo 
elements with coeval unmolarized polygnathids (van dem Boogard 1983; 
Nicoll 1985). This suggests independent, 'iterative' origin of a plafform in 
the sp elements. The elements oz preserved a generalized shape in many 
polygnathid lineages despite eleborate shapes of associated sp elements. 
Even if they were molarized, this was restricted to late stages of ontogeny. 

Typical for the Carboniferous are derivatives of Gnathodus. Although 
classified in separate families they show almost the same apparatus 
structure as the polygnathids (Lane & Ziegler 1984). The only feature 
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shared by them that is not known in the Polygnathidae is a process of the 
ke-hi elements, which is externally curved in the vertical plane, in associ- 
ation with an elongated inner process. This well exemplifies the basic 
difference in criteria of defining higher taxonomic units of the conodonts 
in the Early versus Late Paleozoic, being obviously an expression of 
gradual decrease in the morphologic (but not necessarily species) diversity 
of the group. Hundreds of well preserved natural assemblages of several 
species of the gnathodontids are known (e.g. Merrill & von Bitter 1977; von 
Bitter & Merrill 1985; Aldridge et al. 1987) but extremely fragile elements 
of the symmetry transition series are usually so badly fragmented that 
until recently (Lane & Ziegler 1984; Aldridge et aL 1987) their arrangement 
and homology have been poorly understood. Elements sp are usually 
molarized by development of robust denticulation a t  the margin of wide 
basal cone. In the lineage leading to Sweetognathus in the Late Carbonife- 
rous a characteristically tuberculated icrion developed (von Bitter & Menill 
1990) Its apparatus is known also from natural assemblages (Ritter & 
Baesemann 1991). During the Carboniferous the branch of the idiogna- 
thodontids was subject to intense speciation that resulted in appearance 
of many sympatric species (van den Boogard & Bless 1985) despite a 
virtually unchanged apparatus structure. The only element type that 
seems to differ deeply enough to enable distinction of the Gnathodontidae 
from Idiognathodontidae is the lo, being much elongated in Gnathodus 
while with a quite short internal process in the idiognathodontids (Grayson 
et al. 1990). 

Axial symmetry in element pair 

It was some surprise to early students of Carboniferous conodonts that 
some element types appeared to occur represented seemingly by only 
dextral specimens (Lane 1968). Despite this apparent lack of any counter- 
element there is a good evidence, provided by natural assemblages (von 
Bitter & Merrill 1985) that they undoubtedly occurred in pairs. The only 
anatomically well known conodont species posessed this peculiar kind of 
symmetry of its sp elements (Briggs et aZ. 1983). The usual mirror-ima2e 
symmetry of elements was there replaced by axial symmetry. 

Element morphologies so precisely duplicated could hardly originate 
randomly as an effect of evolutionary transformation of asymmetrical sp 
pairs of the kind identified in Ordovician conodonts by Bergstriim (1971, 
1983). Perhaps this is rather a result of developmental mechanisms in the 
conodont histogeny that promoted repetition of units. 

Axial symmetry is known to occur also in the ornamentation of the 
working surfaces of some crustacean mandibles (Dzik 1980) where its 
adaptive value, improving the grinding function, is self-evident. The oldest 
conodonts that show axial symmetry in ornamentation of the occlusal 
surface of the sp elements belong to Early Devonian Eognathodus (Lane 
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Fig. 14. Discrete element types in apparatuses of Devonian derivatives of Ozarkodinaprobably 
ancestral to the Palmatolepididae (A) and Gondolellidae (B). OA. Mesotaxis sp., Givetian-Fras- 
nian boundary of the Holy Cross Mts. OB. Pinacognathus(?) sp., Famennian of the Holy Cross 
Mts. 

1968, Murphy et al. 1981). The mirror-image symmetry can still be 
identified in the curvature of the whole elements. The a n a l o ~  to the 
crustacean mandibles is thus apparent. More elaborated molar areas and 
more strict axial symmetry can be found in Late Devonian Scaphignathus 
and its derivative Clydagnathus, as  well as in Carboniferous Cauusgna- 
thus, Taphrognathus, and Adetognathus. Perhaps the most spectacular 
example of this kind of symmetry is provided by the sp pairs of Mestogna- 
thus (Becka 1982). 

I t  remains unclear whether the initiation of the development of axial 
symmetry in the ozarkodinid conodonts was an unique event or took place 
several times. Too little is known about apparatuses of these conodonts 
(Baesemann 1973; von Bitter & Plint-Geberl 1982) to enable recontruction 
of their evolution. 

The problem of the 'enantiognathus' element 

Dinodus is perhaps the most ugly-looking Devonian and Early Carbonife- 
rous conodont. Only the elements of its symmetry transition series are 
matched together and elements of the platform complex remain to be 
identified. An intriguing feature of the oldest Middle Devonian repre- 
sentative of the lineage (Lindstriim & Ziegler 1965) is the presence of 
high-arched, laterally bent elements lo-pl associated with a three-ramous 
tr element. Such pattern is typical also for the apparatus of Gondolella, 
which appears in the Late Carboniferous without any clear relationship to 
older conodonts. In the gondolellids the lo elements are morphologically 
somewhat similar to elements of the ne location. In Anisian Neogondolelh 
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there is a continuous gradation between pl and ne elements while the lo 
elements, being spatially closest to the pl ones, are separated from them 
and other element types by a distinct morphologic hiatus (Dzik & Trammer 
1980). Elements that are virtually homeomorphic to the lo elements in 
Gondolelh are known from the Devonian ('lippertiform') but they presum- 
ably belong to some undescribed apparatuses of the Hibbardellidae, which 
are unlikely to have any relationships to GondoleUa. 

Dinodus, with its strange denticulation and ornamentation of the ele- 
ment surface, is too specialized to be seriously considered as  an ancestor 
of the gondolellids. However, there is a species in the Famennian, possibly 
belonging to Pinacognathus, which may appear to be close to the common 
ancestor of Dinodus and GondoleUa (Fig. 14B). Short processes of the pl-lo 
elements clearly show that it is more primitive than all the polygnathids. 
Despite a three-ramous appearance of the tr element the apparatus is 
quite close to those of the Spathognathodontidae. It may thus appear that 
the Gondolellidae share ancestry with the palmatolepidids in some Devo- 
nian Ozarkodina. In fact, the complete reduction of internal process of the 
sp  elements, so typical for the gondolellids, is known to occur in the 
Devonian Ozarkodina (Nicoll 1985; see also Mapper & Lane 1985). 

Despite some structural similarities to palmatolepidids the apparatus 
of Gondolelh was basically different functionally from apparatuses of all 
other ozarkodinid conodonts. Both the element pairs of the platform 
complex had more or less reduced their internal ('posterior') processes. In 
this respect the gondolellids closely resemble members of the Icriodontidae 
and Ordovician Scyphiodus, but they developed a platform instead of an  
icrion at  the remaining external process of the s p  elements. The filtratory 
basket dit not undergo any reduction of the kind like Icriodus but, instead, 
a significant elaboration. The number of pairs of the 'hindeodellas' reached 
five (RamovS 1977) instead of only two, ke and hi locations. The knowledge 
of the apparatuses of the Gondolellidae (Fig. 17) is based on many clusters 
described by RarnovS ( 1977) and Mietto ( 1982) and on natural assemblages 
of the Carboniferous (von Bitter 1976) and Triassic (Rieber 1981) age. 
During the Ladinian in some lineages a very prominent ornamentation 
developed on the sp  elements, finally in PseudoJitrnishius transformed into 
a structure of the appearance of an  icrion (see Bandel & Waksmundzki 
1986). Although in Pseudofurnishius a substitute of the internal process 
was developed, the whole platform continued to be located along the 
external process only, giving a false impression of a similarity to the 
oppositely located platforms in the Polygnathidae. 

The youngest known Rhaetian conodonts completely lack any molariz- 
ation of elements, an  effect of reduction in adult size, and consequently 
resemble the appearance of early juveniles of their gondolellid ancestors 
(Gaidzicki 1978; Swift 1989). It may be of some importance that the 
disappearance of conodonts both in the Ladinian of the Germanic basin 
and in the Rhaetian of Tethys was preceded by diminution in platform 
element sizes (Dzik & Trammer 1980). 
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Fig. 15. Proposed spatial arrangement of elements in the apparatus of Manticolepis subrecta 
(Miller & Youngquist 1947) based on the cluster of Lange (1968). natural assemblages of 
Puchkov et aL (198 1) and statistical studies on isolated elements by van den Boogard & Kuhry 
(1979); ventral view (see also Fig. 16A). 

Apparatuses of top complexity 

Although it is generally assumed that the palmatolepidids had their 
ancestry in some advanced polygnathids this is not supported by the 
structure of their apparatuses. In the latest Middle Devonian Mesotaxis, 
which seems to be the oldest member of the family, the lo and pl elements 
(still not bifurcated, biramous) are of the same shape as respective ele- 
ments in Ozarkodina (see Fig. 14A). This clearly indicates the Spathogna- 
thodontidae as the ancestral group of the Palmatolepididae. The platform 
elements of Palmatolepis and Polygnathus, despite general similarity, 
developed independently. The only feature of the apparatus of Mesotaxis 
that makes it different from the spathognathodontids and similar to later 
palmatolepidids is the shape of the ne elements ('palmatodella'). Somewhat 
later in evolution also the hi elements attained their typical for the 
palmatolepidids appearance. This was soon followed by a bifurcation of the 
internal process of the lo element and subsequent bifurcation of lateral 
processes in the tr elements. This resulted in introduction of two types of 
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'scutula' elements, the asymmetrical and symmetrical ones (Fig. 15; Lange 
1968; van den Boogard & Kuhry 1979). Another element type that was 
subject to profound modifications was the oz, which attained shapes 
unknown in other conodonts (Fig. 16). As a result an  apparatus design was 
developed that seems to be the most sophisticated in the whole Conodonta 
with respect to diversity of the basic plans of the elements. 

Particular lineages derived from Mmticolepis differ profoundly from 
each other in organization of their apparatuses and it is without doubt that 
they deserve separation at the generic level. The family can be conveniently 
defined by the lack of any medial process in the tr element, a reclined cusp 
of the ne elements, and a tendency to develop trirarnosity of the lo 
elements. The evolution of the palmatolepidid sp elements has been 
extensively studied (Helms & Ziegler in Clarke et al. 198 1) but the pattern 
of evolutionary transformations in the rest of the apparatus remains 
largely unknown. It is clear now that many species can be much more 
easily distinguished on the basis of the ne than sp elements (Klapper & 
Foster 1986). However, only a few of the most common species have their 
apparatuses fully reconstructed (Fig. 16; Lange 1968; van den Boogard & 
Kuhry 1979, Puchkov et al. 198 1). Extremely unbalanced ratios of particu- 
lar element types and the usual co-occurrence of several sympatric species 
hamper apparatus studies on this stratigraphically important group of 
conodonts. 

Evolution of function of the apparatuses 

There are reasons to believe that in the earliest conodonts the whole 
apparatus was exposed and worked in a way similar to grasping appara- 
tuses of the Chaetognatha (Dzik & Drygant 1986). The apparatuses with 
the two posterior element pairs hidden in the throat and with the ventral 
end of the mouth opening armed with an  unpaired element represent 
probably a later evolutionary invention. In the course of their phylogeny 
the elements, being originally coniform, developed denticulation of their 
processes and a t  least the posteriormost sp pair was molarized, having 
occlusal surfaces of the elements ornamented with robust ribs and tuber- 
cles. Obviously, particular parts of the apparatus performed different 
functions (e.g. Nicoll 1985; Nicoll & Rexroad 1987). Some elements worked 
probably as tools for grasping, others for fragmentation of food. In evol- 
utionarily advanced apparatuses the ne element pair was an analogue of 
the incisors in the mammalian jaws and arthropod mandibles, while the 
platform complex corresponded functionally to molars. The filtratory bas- 
ket of the symmetry transition series may be functionally compared with 
elaborated combs of the lacinia mobilis in mandibular apparatus of some 
crustaceans (Dzik 1980). 

In accordance with this model of the apparatus, the molarization 
proceeded polarly in the course of evolution, being introduced first in the 
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Fig. 16. Discrete element types in apparatuses of the Palmatolepididae. W. Manticolepis 
subrecta (Miller & Youngquist 1947). Frasnian of Germany (after van den Boogard & Kuhry 
1979). OB. Palmatolepis rugosa Branson & Mehl 1934, Famennian of the Holy Cross Mts. OC. 
Tripodellus gracilis (Branson & Mehl 19341, Famennian of the Holy Cross Mts. OD. Pande- 
rolepis jalcata (Helms 19591, Famennian of the Holy Cross Mts. 
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sp pair, usually reaching soon the subsequent oz pair ('ambalodus' ele- 
ment of the Balognathidae, 'nothognathella' of the Polygnathidae) and in 
some rare cases (Pterospathodontidae. Steptotaxis) expanded also to other 
locations. The molarized surfaces developed either by a lateral expansion 
of ridges at  the base of denticles (plafform) or as  a lateral widening of 
denticle tips (icrion). Frequently the effects of the molarization are 
strenghtened by a ramification of processes. Paths of modification of the 
elements of the plafform complex were sometimes so complex that without 
knowledge of the real course of evolution, derived from stratigraphically 
dense sampling (stratophenetics), it seems virtually impossible to say in 
which way particular 'grinding' surfaces developed (Hadrognathus, Pseu- 
dofurnishius or Mestognathus are good examples). The molarized area was 
usually located along the internal ('posterior') process of the sp element. 
Also ramification of elements was generally directed inward of the mouth. 
This seems reasonable as in a scissor-like action the inner processes 
pressed at food pieces with a stronger force. The external process of the sp 
element is almost always blade-like, with sharp denticles. The incisor- 
molar model is thus applicable not only to the distribution of the elements 
along the apparatus but also to its dorso-ventral dimension. 

Rather unexpectedly, in some advanced conodonts the external, in- 
stead of internal, process of the sp elements is molarized. A platform 
developed along this process in GondoZeUa, while in Pygodus in this part 
of the element additional rows of tubercles developed at  margins of gaping 
bases. In an attempt to explain this peculiar reversal of the common trend 
one may recall the supposed mechanical consequences of the enclosure of 
the posterior part of the apparatus within the throat. The ventral muscular 
cover of the throat could possibly transform into an adductor apparatus 
supplementing and finally replacing the original scissor-like action of 
dorsally located buccal muscle mass. With the development of the ventral 
adductor muscles the elements started to move parallel to each other, so 
that no longer was the inner end preferred for molarization. Moreover, 
simple contraction of the ventral adductors, being more efficient mechan- 
ically, promoted ventral migration of the molarized area. 

Taxonomic importance of the apparatuses 

According to the view prevailing among neontologists, classification should 
refer exclusively to morphologic criteria. It is equally widely assumed than 
a good classification is that one which adequately expresses the true 
evolutionary relationships of classified organisms. The history of develop- 
ment of the conodont research shows that there is an  unbridgeable 
contradiction between these two claims. Paradoxically, our understanding 
of the phylogeny of conodonts is quite advanced although no generally 
accepted classification of the group has yet been established. The phyloge- 
ny and classification of the conodonts are thus obviously quite different 
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Fig. 17. Discrete element types in apparatuses of the Gondolellidae. CIA. Gondolella sublan- 
ceolata Gumell 1933, Virgillian of Iowa (after von Bitter, 1976). OB. EpigondoleUa truernpyi 
(Hirsch 1971). Ladinian of Sardinia (after Bagnoli et aL 1985). 

things. One may say that while classification is a measure of a blood 
relationship, a phylogenetic tree shows the network of ancestor-descend- 
ant relationships among taxa of different age. 

The present knowledge of the phylogeny of conodonts is hard to imagine 
without stratigraphically dense sampling. The methodology of processing 
empirical data obtained in this way is based on the rule of supremacy of 
the time and space order in distribution of data. The objective time-and- 
space coordinates of particular samples form in fact the background from 
which any analysis of the distribution of morphologies has to be per- 
formed. Any hypothesis of the ancestor-descendant relationship postu- 
lates a transfer of the genetic information along the lineage represented by 
successive samples. When ranges of morphologic variability in strati- 
graphically and geographically neighbouring samples overlap significant- 
ly, suggesting a genetic proximity of the populations represented by them, 
one may consider the hypothesis corroborated by the empirical evidence. 
A conclusive evidence of the (ancestor-descendant) relationship can be 
provided thus only by a documented continuity of evolutionary transfor- 
mations along densely sampled sections. In. such a case nothing else 
remains than to accept the relationship even if the end-members of the 
studied lineage are quite morphologically dissimilar to each other. 

Owing to such phylogenetic methodology it is well known now that 
almost every morphologic type of elements developed independently many 
times in the evolution of the Conodonta. One may thus conclude that a 
shape of any single element, without reference to associated parts of the 
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apparatus, cannot be used as a trustworthy guide to identification of 
relationships. Moreover, the information that can be extracted from the 
morphology of any apparatus is not just a sum of information about 
particular elements. It is more, as long as  much supplementary informa- 
tion concerns a spatial organization of the apparatus and patterns of 
morphologic relationships between particular element types. Therefore 
studies on the evolution of particular isolated element types (without 
regard to other parts of the apparatus) can not substitute for apparatus 
studies. The change of interest from separate elements to apparatus 
reconstructions seems to reflect an  unavoidable methodologic evolution of 
our branch of science. Now, after almost thirty years of apparatus studies, 
it can be safely stated that there is no o.bjective reason to continue the 'form 
taxonomy' approach in any conodont group or period of geologic time. 

Classification of conodonts 

Although it is quite doubtful whether it is possible to establish uniform 
morphologic criteria of ranking of particular taxonomic units, there is 
some need for consistency in this respect, a t  least regarding related 
groups. Accordingly, the differentiation of elements into discrete series 
versus smooth gradation of shapes in a grasping apparatus allows u s  to 
subdivide the class into orders. The more or less sudden appearance of a 
particular Bauplhe of element types that subsequently became quite 
conservative may serve to diagnose families. These criteria cannot be used 
in the same way for conodonts of different geological age. While in the 
Ordovician there was a tremendous diversity of apparatus patterns and 
element morphologies, during the Late Paleozoic the conodonts were very 
monotonous in this respect. Perhaps in the course of evolution some kind 
of stabilization and canalization of the expression of the genome occurred, 
resulting in a decrease of intrapopulation variability and consequently 
shorter morphologic distances between syrnpatric species. A strict appli- 
cation of the same criteria for the Ordovician and later conodonts would 
thus result in an unnecessary exaggeration of the otherwise well estab- 
lished fact that this was the period of the most intense diversification of 
the group (Fig. 18). On the other hand, use of such features as the depth 
of the basal cavity or the shape of the platform in the sp elements as  the 
only character for distinguishing families is somewhat questionable even 
in the Late Paleozoic. 

There is no generally accepted classification scheme of the conodonts. 
The Treatise (Clark et aL 1981) classification was harshly criticized by 
FAhraeus (1984), but his proposals are not free of discrepancies with 
respect to well established phylogenetic relationships of several genera. 
Sweet's (1988) improved version of the Treatise system, with several new 
and useful high-rank taxa added, is the closest one to that accepted for the 
present purposes. Modifications concern mostly simple-cones, with new 



ACTA PALAEONTOLQGICA POLONICA (36)(3) 31 1 

II Protopanderodontida 

Fig. 18. Phylogenetic relationships and stratigraphic distribution of higher taxa discussed in 
the text. 

data on their apparatuses and evolution used, and somewhat differently 
interpreted relationships of the major groups of the ozarkodinid cono- 
donts. 

Class Conodonta Pander 1856 
Order Westergaardodinida Lindstriim 1970 

Elements initially growing uniformly from all sides, later in histogeny their tips were ex- 
posed. 
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Family Furnishinidae Muller & Nogami 1971 
Fumishina Muller 1959, Prooneotodus Muller & Nogami 197 1, Problematoconites Muller 
1959 

Family Westergaardodinidae Miiller 1959 
Westergaardodina Muller 1959 

Order Panderodontida Sweet 1988 (incl. Belodellida Sweet 1988) 
Medial element in the apparatus missing(?). 

Superfamily Cordylodontacea Lindstrcim 1970 
Radial microstructure of the crown tissue. 

Family Proconodontidae Lindstrom 1970 
Coniform elements. 
Proconodontus Miller 1969 

Family Cordylodontidae Lindstrom 1970 
Denticulated elements (geniculate in oldest forms). 
Cordylodus Pander 1856, Eoconodontus Miller 1980, Iapetognathus Landing 1983, Cam- 
broistodus Miller 1980, ?Paracordylodus Lindstrom 197 1 

Family Fryxellodontidae Miller 198 1 
Elements with tubercle rows radiating from the cusp tip. 
Fryxellodontus Miller 1969, PPseudooneotodus Drygant 1972 

Incertae farniliae: Loxodus Furnish 1938, Cristodus Repetski 1982, Coleodus Branson & 
Mehl 1933, Leptochirogmthus Branson & Mehl 1943, Thrincodus Bauer 1987 

Superfamily Panderodontacea LindstrBm 1970 
Crystallites oriented parallel to the cusp. 

Family Strachanognathidae Bergstrom 1982 (=Comuodontidae Stouge 1984) 
Simple coniform elements with deep basal cavities. 
Cornuodus FAhraeus 1966, Dapsilodus Cooper 1976, Scabbardella Orchard 1980, De- 
coriconus Cooper 1975. Besselodus Aldridge 1982, Strachanognathus Rhodes 1955 

Family Belodellidae Khodalevich & Chemich 1973 
Prominently cristate coniform elements with deep basal cavities. 
Belodella Ethington 1959, Walliserodus Serpagli 1967, Scalpellodus Dzik 1976, Drepa- 
nodistacodus Moskalenko 1977, Dvorakia Klapper & Bamck 1983 

Family Panderodontidae Lindstrdm 1970 
Panderodont furrow present. 
Panderodus Ethington 1959, Taoqupognathus An 1985, Belodina Ethington 1959, Cu- 
lumbodinaMoskalenko 1973, Plegagnathus Ethington & Furnish 1959, Pseudobelodina 
Sweet 1979, Parabelodina Sweet 1979, Neopanderodus Ziegler & Lindstrom 197 1 

Order Rotopanderodontida Sweet 1988 
Coniform symmetrical medial element separates the 'platform' series of coniform ele- 
ments from the rest of the apparatus. 

Family Protopanderodontidae Lindstrom 1970 
Simple coniform elements with relatively shallow basal cavities. 
Protopanderodus Lindstrom 197 1, Serniacontiodus Miller 1969, Staufferella Sweet, 
Thompson & Satterfield 1975, Parapanderodus Stouge 1984, Drepanodus Pander 
1856, Teridontus Miller 1980, UlrichodinaFumish 1938, Scandodus Lindstrom 1955, 
Oneotodus Lindstrom 1955, Scolopodus Pander 1856 

Family ?Clavohamulidae Lindstrom 1970 
Robust tuberculated elements. 
Clavohamulus Fumish 1938, Hirsutodontus Miller 1969, Hispidodontus Nicoll & Sher- 
gold 199 1, Senzltognathus Lee 1970 

Family Distacodontidae Bassler 1925 
Geniculate anteriormost elements. 
Drepanoistodus Lindstrom 197 1, Paroistodus Lindstrom 197 1 
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Order Prioniodontida Dzik 1976 
Originally elements of the platform series triramous, ke and hi locations distinct mor- 
phologically. 

Superfamily Prioniodontacea Bassler 1925 
Tetraramous lo-pl elements. 

Family Prioniodontidae Bassler 1925 
Elements of approximately uniform size. 
Prioniodus Pander 1856, Oepikodus LindstrBm 1955, Acodus Pander 1856,THpodus 
Bradshaw 1969, Eoneoprioniodus Mound 1965, Baltoniodus LindstrBm 197 1, Phragmo- 
dus Branson & Mehl 1933, Paraprioniodus Ethington & Clark 1981, Acanthocordylodus 
Moskalenko 1973 

Family Balognathidae Hass 1959 (incl. Cyrtoniodontidae sensu Sweet 1988) 
Larger, platform-bearing elements of the platform complex. 
Lenodus Sergeeva 1963, Rhodesognathus BergstrCim & Sweet 1966, Arnorphognathus 
Branson & Mehl 1933, Eoplacognathus Hamar 1966, Cahabagnathus BergstrBm 1983, 
Polyplacognathus Stauffer 1935, Sagittodontina Kniipfer 1967 (= Noixodontus 
McCracken & Barnes 1982). PrornissumKovacs-Endrody 1986, ?Polonodus Dzik 1976 

Family ?AnseMdae F A b u s  & Hunter 1985 
Geniculate ne element associated with Belodella-like rest of the apparatus. 
AnseUa FAhr~us & Hunter 1985. ?Tokognathus Nieper 1969 

Family Pygodontidae Bergstrom 198 1 
Reduced inner process in sp elements that bears a few radial rows of tubercles. 
Pygodus Larnont & Lindstrom 1957, ?Nericodus Lindstrom 1955 

Superfamily Icriodontacea Miiller & Miiller 1957 
Triramous lo-pl elements. 

Family Pterospathodontidae Cooper 1977 
All the element pairs in the apparatus morphologically distinct from each other. 
Pterospathodus Walliser 1964 ('?=AuIacognathus Mostler 1967, Astropentagnathus Mos- 
tler 1967, Pranognathus M5nnik & Aldridge 1989). Cornplexodus Dzik 1976, Camiodus 
Walliser 1964, Birksfeldia Orchard 1980 (= Gamachignathus McCracken, Nowlan & 
Barnes 1980), Apsidognathus Walliser 1964, Astrolecignathus Over & Chatterton 1987, 
?Distomodus Branson & Branson 1947, Coyssognathus Link & Druce 1972 

Family Icriodontidae Muller & Muller 1957 
Elements, except for the sp. more or less reduced. 
Icriodus Branson & Mehl 1938, Icriodella Rhodes 1953, Pedauis Klapper & Philip 1971, 
Latericriodus MNer 1962, Pelekysgnathus Thomas 1949, Antognathus Lipnyagov 
1978, Steptotaxis Uyeno & Klapper 1980, MitreUatawls Chauff & Price 1980, 7Dollyrnae 
Hass 1959 

Order Ozarkodinida Dzik 1976 
Originally biramous elements of the platform series. 

Suborder Plectodinina new 
Proclined cusp of ne elements. 

Superfamily Oistodontacea LindstrBm 1970 
Geniculate ne element; triramous lo-pl elements. 

Family Oistodontidae LindstrBm 1970 
Undenticulated (rarely serrated) external processes of all elements. 
Oistodus Pander 1856, Utahconus Miller 1980, Rossodus Repetski & Ethington 1983, 
Histiodella Harris 1962, Protoprioniodus McTavish 1973, Fahmeusodus Stouge & Bag- 
noli 1988.7Juanognathus Serpagli 1974 

Family Periodontidae LindstrSm 1970 
Except for ne all elements sharply denticulated. 
Periodon Hadding 1913, ?Hamarodus Viira 1974 

Incertae familiae: Bergstroemognathus Serpagli 1974, Appalachignathus BergstrBm, Car- 
nes, Ethington, Votaw & Wigley 1974, Ruetterodus Serpagli 1974. 
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Superfamily Chirognathacea Branson & Mehl 1944 
Biramous lo-pl elements. 

Family Plectodinidae Sweet 1988 
PlectodinaStauffer 1935, MicrozarkodinaLindstrom 1971, YaoxianognathusAn 1985, 
Aphelognathus Branson, Mehl, & Branson 1951, Byantodina Stauffer 1935, Scyphw- 
dus Stauffer 1935, Oulodus Branson & Mehl 1933 

Family Rhipidognathidae Lindstrom 1970 
Rhipidqnathus Branson, Mehl, & Branson 195 1, Tasmanognathus Burrett 1979 

Family Chirognathidae Branson & Mehl 1944 
Chirognathus Branson & Mehl 1933, Erisrnodus Branson & Mehl 1933, Erraticodon 
Dzik 1978, Archaeognathus Cullison 1938, Stereoconus Branson & Mehl 1933, Mixoco- 
nus Sweet 1955, ?Scapulidens Ethington, Droste, & Rexroad 1986, ?Lumidens Ething- 
ton, Droste, & Rexroad 1986, ?Oistodella Bradshaw 1969, ?Spinodus Dzik 1976 

Family ?Multioistodontidae Harris 1964 
Multioistodus Cullison 1938, Multicornus Moskalenko 1970 

Suborder Ozarkodinina Dzik 1976 (=Prioniodinina Sweet 1988) 
Erect cusp and arched process of ne elements. 

Superfamily Hibbardellacea Muller 1956 
Robust denticulation. 

Family Hibbardellidae Muller 1956 
Hibbardella Bassler 1925, Delotaxis Klapper & Philip 1971, Idioprioniodus Gunnell 
1933, Apatognathus Branson & Mehl 1934, Kladognathus Rexroad 1958, Erica Murphy 
& Matti 1982, Cyptotaxis Klapper & Philip 1971, Prioniodina Bassler 1925, ?Ellisonia 
Miiller 1956 

Family Bactrognathidae Lindstrom 1970 
Elements ne with short, robustly denticulated process. 
Bactrognathus Branson & Mehl 194 1, ?Doliognathus Branson & Mehl 194 1, ?Scaliogna- 
thus Branson & Mehl 1941, ?Staurqnathus Branson & Mehl 1941, ?Lochriea Scott 
1942, ?Cudotauis Chauff 1981 

Superfamily Polygnathacea Bassler 1925 
Compressed denticles. 

Family Spathognathodontidae Hass 1959 (= Anchignathodontidae Clark 1972, Kockelelli- 
dae Klapper 198 1) 
Birarnous tr element. 
Ozarkodina Branson & Mehl 1933, Kockelella Walliser 1957, Polygnathoides Branson 
& Mehl 1933, Arnydrotaxis Klapper & Murphy 1980, Hindeodus Rexroad & Furnish 
1964, Falcodus Huddle, 1934, Aethotaxis Baesemann 1973, ?Pachycladina Staesche 
1964, ?Furnishius Clark 1959, ?Hadrodontina Staesche 1964 

Family Polygnathidae Bassler 1925 
Triramous tr element. 
Polygnathus Hinde 1879, Pandorinellina Muller & Miiller 1957, Eognathodus Philip 
1965, Ancyrodelloides Bischoff & Sannemann 1958, Ancyrodella Ulrich & Bassler 
1926, Pseudopolygnathus Branson & Mehl 1934, Bispathodus Miiller 1962, Branrnehla 
Hass 1959, MehlinaYoungquist 1945, Skeletognathus Sandberg, Ziegler & Bultynck 
1989, SiphonodellaBranson & Mehl 1944, Hernilistrona Chauff & Dombrowski 1977, 
Merrilina Kozur & Mock 1974, Stepanovites Kozur 1975. 

Family Cavusgnathidae Austin & Rhodes 198 1 (incl. Mestognathidae Austin & Rhodes 
1981) 
Axial symmetry of sp elements with platform developed only on one side. 
Cavusgnathus Hams & Hollingsworth 1933, Mestognathus Bischoff 1957, Adetogna- 
thus Lane 1967, Clydagnathus Rhodes, Austin & Druce 1969, Patrognathus Rhodes, 
Austin, & Druce 1969, Scaphignathus Helms 1959, RhachistognathusDunn 1966 

Family Idiognathodontidae Hanis & Hollingsworth 1933 
Arched external process of ke-hi elements. 
Idiognathodus Gunnell 1931, Idiognathoides Hams & Hollingsworth 1933, Neqnatho- 
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dus Dunn 1970, Protognathodus Ziegler 1969, Streptognathodus Stauffer & Plummer 
1932 

Family Sweetognathidae Ritter 1986 
Apparatus like idiognathodontids, tendency to develop pustulose ornamentation and 
icrion in ep elements. 
Sweetognathus Clark 1972, Vogelgnathus Norby & Rexroad 1986, Diplognathodus 
Kozur & Merrill 1975, Neostreptognathodus Clark 1972 

Family Gnathodontidae Sweet 1988 
Gnathodus Pander 1856 

Superfamily Palmatolepidacea Sweet 1988 
Elements ne with straight, denticulated processes. 

Family Mesotaxidae new 
Ozarkodina-like elements of the symmetry transition series but triramous tr elements. 
Mesotaxis Klapper & Philip 1971, ?Dinodus Cooper 1939, ?Pinamgnuthus Branson & 
Mehl 1944., ?Ancyrognathus Branson & Mehl 1934, ?Polylophodonta Branson & Mehl 
1934. 

Family Palmatolepididae Sweet 1988 
Triramous lo element, biramous tr with bifurcating processes. 

- - 

Palmatolepis Ulrich & Bassler 1926, Conditolepis Boogard & Kuhry 1979, Panderolepis 
Helms 1963, Manticolepis Miiller 1956, Tripodellus Sannemann 1955 

Superfamily Gondolellacea Lindstr6m 1970 
Family Gondolellidae Lindstriim 1970 

Reduced inner processes of the platform series elements, highly arched lo, triramous tr 
element, more than two pairs of hi-like elements in advanced forms. 
GondoleUa Stauffer & Plummer 1932, Epigondolella Mosher 1968, Neogondolella Ben- 
der & Stoppel 1965, Pseudofiunishiusvan den Boogard 1966, MisikeUaKozur & Mock 
1974, ?Axiothea Fi5hrzus & Ryley 1989 
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Streszczenie 

Pokr6j cida z asymetryczna pletwq grzbietowa i V-ksztdtnymi myomerami 
tudziez spos6b sekrecji fosforanowych elementow aparatu gebowego wska- 
zujq na przynaleinosd konodontow do strunowcow. Na  podstawie wytra- 
wionych z wapieni zespolow zlepionych elementow (clusters) i naturalnych 
agregatow na powierzchni lupku (natural assemblages) moiliwe jest od- 
tworzenie przestrzennego rozmieszczenia elementow aparatu. U najpier- 
wotniejszych konodontow (typu Panderodus) aparat skladal sie z siedmiu 
par elementow tworzacych aparat chwytny analogiczny do wiasciwego 
dzisiejszym szczecioszczekim (Chaetognatha). Dwie pary elementow w 
przodzie aparatu (ne, hi) wyroinialy sie ksztaitem, a rozmiary elementow 
zmniejszaly sie ku tylowi aparatu. J u i  wsrod konodont6w o prostych 
elementach (typu Protopanderodus) nastqpilo dalsze zr6inicowanie ele- 
mentow a2 do ~~od rebn i en i a  trzech serii przejsC morfologicmych. Powstal 
aparat analogiczny funkcjonalnie do iuwaczek skorupiakow, z czesciq 
siekaczowq w przodzie, grzebykowatq posrodku i iujacq w glebi. Tuz za 
skrajnym elementem (ne) z ostryrn, masywnym wierzchoikiem nastepowala 
seria 4 par (hi, ke, pl, lo) delikatnych elementow polqczonych posrodku 
symetrycznyrn nieparzystyrn elementem (tr); tworzyly one rozwarty ku 
pmodowi kosz filtracyjny. W pewnyrn oddaleniu od kosza filtracyjnego, 
zapewne wewnatrz gardzieli, znajdowaly sie dwie pary masywnych elemen- 
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tow serii plafformowej (02, sp), by6 moie sluiacych do rozgniatania pokar- 
mu. W skrajnych przypadkach kaida z par elementow byla odmienna 
morfologicznie a w serii platfomowej prawe i lewe elementy roznily sie 
ksztaltem. Przynajmniej czesd ordowickich Balognathidae miala trzy pary 
elementow serii platfomowej a u triasowych Gondolellidae powiekszona 
byla liczba par elementow kosza filtracyjnego. 

Do identyfikacji elementow aparatu uiywa sie roznorakich systemow 
terminologicznych. Morych ombwieniu towamyszy propozycja ujednolice- 
nia w oparciu o majacy pienvszenstwo schemat Jeppsona (z uzupelnienia- 
mi von Bitters). Pmy opisach elementhw winno sie respektowad fujologicz- 
na  orientacje elementow w aparacie zarniast konwencji Pandera, wprowa- 
dzonej w wyniku blednej interpretacji elementow aparatow konodontowych 
jako rybich zabkow. 

Artykul zawiera ilustrowany przeglad poszczegolnych typow aparatow i 
zmodyfikowany system klasyfikacji konodontow, zgodny z nowa interpre- 
tacja filogenezy. 
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