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The Ordovician organodetrital limestones and marls studied in outcrops at M6jcza and
Miedzygorz, Holy Cross Mts, Poland, contains a record of the evolution of local
conodont faunas from the latest Arenig (Early Kundan, Lenodus variabilis Zone) to
the Ashgill (Amorphognathus ordovicicus Zone), with a single larger hiatus corre­
sponding to the subzones from Eop/acognathus pseudop/anu s to E. reclinatu s. The
conodont fauna is Baltic in general appearance but cold water genera , like Sagitto­
dontina, Scabbardella, and Hamarodus, as well as those of Welsh or Chinese af­
finities, like Comp/exodus, Phragmodus, and Rhodesognathu s are dominant in par­
ticular parts of the section while others common in the Baltic region, like Periodon ,
Eop/acognathus, and Sca/pellodus are extremely rare. Most of the lineages continue
to occur throughout most of the section enabling quant itative studies on their phyletic
evolut ion. Apparatuses of sixty seven species of thirty six genera are described and
illustrated . Phyletic evolution of Ba/toniodus, Amorphognathu s, Comp/exodus, and
Pygodus is biometrically documented. Element s of apparatu ses are homolog ized and
the standard notation system is applied to all of them. Acodontidae fam. n., Drepa­
nodus kie/censis sp. n., and D. santacrucensis sp. n. are proposed .
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Phylum Chordata, Class Conodonta PANDER, 1856
Order Westergaardodinida LINDSTROM, 1970 . .

Family Westergaardodinidae MULLER, 1959
Genus Westergaardodina MULLER, 1959

Order Panderod ontida SWEET, 1988 .....
Family ?Fryxellodontidae MILLER , 1982

Genus Polonodus DZIK, 1976 . . . . .
Genus Pseudooneotodus DRYGANT, 1974

Family Belodellidae KIlODALEVI CH et CHERN ICH, 1973
Genus Sca lpellodus DZIK, 1976 . ... .
Genus Walliserodus SERPAGLI, 1967 . .

Family Panderodontidae LINDSTROM, 1970
Genus Panderodus ETHI NGTON, 1959

lncertae ordinis .
Family Scolopodontidae BERGSTROM, 1982

Genus Scolopodus PANDER, 1856 . . . .
Family Strachanognathid ae BERGSTROM, 1982

Genus Cornuodus FAHRJEUS, 1966 . . .
Genus Stra chanognathus RHODES, 1955
Genus Dapsilodus COOPER , 1976 . .
Genus Scabbardella ORCHARD, 1980 . .

Order Protopanderodontida SWEET, 1988 . ..
Family Protopanderodont idae LtNDSTROM, 1970

Genus Semiacontiodus MILLER, 1969
Genus Drepanodus PANDER, 1856 .. ..
Genus Protopanderodus LINDSTROM , 1971

Family Distacodo ntidae BASSLER , 1925 .
Genus Paltodus PANDER, 1856 .
Genus Drepan oistodus LINDSTROM , 197 1

Order Prioniodontida DZIK , 1976 .
Superfami1y Prioniodontacea BASSLER, 1925

Family Acodont idae fam. n. . .
Genus Tripodus BRADSHAW, 1969 . .
Genus Eoneoprioniodus MOUND, 1965

Family Balognathidae HASS, 1959
Genus Baltoniodus LtNDSTROM, 1971
Genus Lenodus SERGEEVA, 1963 . .
Genus Sagittodontina KNUPFER, 1967
Genus Rhodesognathus BERGSTROM et SWEET, 1966
Genus Amarp hognathus BRANSON et MEHL, 1933
Genus Eoplacognathus HAMAR, 1966
Genus Cahabagnathus BERGSTROM, 1983 ..

Family Phragmodontidae BERGSTROM, 1982 . .
Genus Phragmodus BRANSON et MEHL, 1933

Family Pygodontidae BERGSTROM, 1981
Genus Pygodus LAMONT et LINDSTROM, 1957

45
46
46
51
51
52
53
53
53
53
53
54
54
54
54
55
55
56
58
58
60
60
60
60
60
62
63
64
66
66
66
68
72
76
76
78
79
79
79
79
79
80
80
86
88
89
91
96

. 100

. 101

. 101

.103

. 103



CONODONTS OF THE MOJCZA LIMESTONE

Superfamily Icriodontacea MULLER et MULLER, 1957

Family Pterospathodontidae COOPER, 1977 .

Genus Complexodus DZIK, 197 6 .

Genus Distomodus BRANSON et BRANSON, 1947

Family Icriodontidae M ULLER et MULLER, 1957

Genus Icriodella RHODES, 1953

Order Ozarkodinida DZIK, 1976 .

Suborder Plectodinina DZIK, 1991 .

Family Oistodontidae LINDSTROM , 1970

Genus Histiodella HARRIS, 196 2 . . .

Family Periodontidae LINDSTROM, 1970

Genus Periodon HADDING, 1913

Genus Hamarodus VIIRA, 1974 .

Family Ple ctodinidae SWEET, 1988 .

Genus Microzarkodina LINDSTROM , 1971

Famil y ?Chirognathida e BRANSON et MEHL, 1944 . .

Genus Spinodus DZIK, 1976 .

Suborder Ozarkodinina DZIK, 1976

Family Spathognathodontidae HASS, 1959

Genus Yaoxianognathu s AN, 1985
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The M6jcza Limestone does not contain stratigraphically diagnostic macrofossils (see DZIK and
PISERA 1994). Conodonts thus represent a key to the subdivision and time correlation of this rock unit.
It took some time , however, before these opportunities were appreciated and fully exploited.

The presence of conodonts in the M6jcza Limestone was documented for the first time by SPASSOV
and TELLER (1963) who had found rich fauna in M6jcza while sampling the Paleozoic strata in the
Holy Cross Mountains. They did not indicate preci sely the position and number of their sample(s) in
the rock column. Judging from published illustrations of conodont elements, representing 17 form­
species, it seems possible that the whole described assemblage comes from a single layer below the
discontinuity surface and represents actually 8 biospecies. They concluded that the limestone is of
Llandeilo-Caradoc age , which is not contradictory with their taxonomic identifications, although the
illustrated specimens seem to be rather Early Kundan in age, being thus close to the Arenig/Llanvirn
boundary.

Subsequent conodont study of the M6jcza Limestone in its type locality has been undertaken by
BEDNARCZYK (1966). The whole section was sampled but, as the identified specimens have not been
illustrated, it is difficult to interpret the 18 listed form-species in modem apparatus terms. He proposed
an early Llanvim age for the basal "Asaphus limestone" in the M6jcza section, basing this determi­
nation rather on associated brachiopods and the stratigraphic position below the middle part of the
section ("the gray limestone with pink coloration") which was dated late Llanvim in age on the basis
of the presence of Eoplacognathus robustus (then Amorphognathus n. sp. 3 LiNDSTROM). Rare cono­
donts extracted from the top "red-brownish limestone" were not identified specifically. Thi s precluded
recognition of the actual degree of stratigraphic condensation, and as a result its earliest Llandeilo age
was assumed.

The next step was done by BERGSTROM (1971) who identified conodonts of early Caradoc age in
a sample sent to him by Dr. Christo SPASSOV. The sample was evidently taken from a different level
than those studied by SPASSOV and TELLER (1963).
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The presence of Caradoc strata in M6jcza was independ entl y shown also by BEDNARCZYK ( 1971),
who illustrated several conodont spec ies from M6jcza and a few subsurface local ities of the M6jcza
Limestone, but did unfortunatel y not give the exact positi on of the samples in the section. Illu strated
spec imens represent spec ies whic h can be judged as comi ng from belo w the discontinuity surface
tBalto niodus pa rviden tatus = his Gothodus costulatusi, from the stra ta immediately abo ve it (Eopla­
cognathus robustus = his Ambalodus reclina tusi, from just above the bentonite (Amorphog nathus
tvaerensis ea rly fo rm = his A. ordovicicai, and fro m about 2 m above the bentonite tRhodesognathus
polonicus = his Holodontus superbusi .

The first twelve samples from M6jcz a taken for comparative purposes to study Baltic Ordovician
conodont apparatu ses (DZIK 1976) present ed a surpris ing stratigraphic completeness of the record in
thi s 8 m thick section, which has been furthe r strengthened after the number of samples wa s increased
to almost thirty (DZIK 1978). The sec tion appeared to represent conodont zones ranging from the latest
Arenig to at least latest Caradoc (possibly Ashgill ). Th e onl y interval of uncertaint y that remained is
in the Earl y Llan virn . Three subzo nes there (E. pseudoplanus , E. suecic us, and E. f oliaceus) have not
been documented.

The pre sent study is based on even more complete sampling (Text-fig. I ) . Because of continued
quarrying of the limeston e, the section is rarely expose d complete ly enough to ensure centimeter
precision in identification of sampled beds. Additional series of samples have thu s been taken in parts
of the sec tion that had not been ex posed well enough earlier. A trench of a few meters length was also
du g in the topmost part of the sec tion. All togeth er 140 samples were taken from the type locality and
severa l more from outcrops in Miedzygorz and Zalesie; 14 of the latter have appeared productive.

Altho ugh such a dense sampling resulted in samples being about 10 cm distant from each other,
no apparent fea tures of reworking of conodont elements have been identified except for the bed
imm ediatel y above the discontinuity surface . Abrupt appea rances and disappearances of some species
(like Rhodesognathus polonicus, see Text- fig. I ) shows that the dep th of bioturbation was very shallow
there, probably not excee ding a few centimeters .

As a res ult of the restudy of all conodo nts from M6jcza (DZIK 1990) spec ifically diagnostic
elements of Amo rp hognathus were recogn ized in the topmost strata of the section. Their morphology
stro ng ly suggests that the As hg ill is also, at least part iall y, present in M6jc za. Undoubtedly, the Ashgill
co nodont species A. ordovicicus, occ urs in Iithologically similar strata in Mied zygorz and Zalesie ,
too.

Acknowledgements. - I am very thankful to Anit a LOFGR EN (Unive rsity of Lund) for very
thorou gh review of the manuscript of this pap er and for correcting my mistake s and errors in it.

Dr. Wie slaw BEDNARCZYK (Institute of Geologic al Sciences of the Polish Academy of Sciences,
Warsaw) has kindly allowed me to examine his documentary collection of conodonts from Buk6wka.

Mr. Wojciech SKAR:lYNSKI assisted in making SEM pictures which were taken at Nencki's Institute
of Experimental Biology, Poli sh Academy of Scienc es, Warsaw.

CONODONT ZONATION

Conodont s occurring in the M6jcza Limestone enable application of the scheme of zonation
proposed by BERGSTROM ( 197 1) for the No rth Atlantic faun al realm to this section. Mo st of the units
recognized by him are based on phyleti c evolutionary, instead of the migration, eve nts usually used
in bio stratigraph y. In the M6jcza sec tion several of the evolutionary events recognized by BERGSTROM
( 1971) in Balt ic and App alachian sec tions are more or less directl y express ed and morphologies follow
in the same order. Neverthe less, the faun al dynami cs recorded in the M6jcza Limestone is profoundly

Fig. 1.
Rock column of the M6jcza Limestone outcrop in M6jcza -with the position of conodont samples indica ted (left ),
frequency of conodo nt elements per kilogram of the rock and the Shan non's index of diversity (center), and a log of

perce nt contribution of dominating lineages (right).
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different from the Baltic and Appalachian ones . In result the biostratigraphic units that are not
evolutionarily defined are hardly recognizable in M6jcza. This exposes the basic methodological
discrepancy between traditional biostratigraphy, based on reported ranges of occurrence of species in
rock sections, and the more abstract geochronology based on evolutionary events. I consider these
two approaches fundamentally different and prefer not to mix units that are based on each of them
(DZIK in press). Accordingly, any inference on time correlation is based here on evolutionary transi­
tions, documented or at least believed to be highly probable.

Despite the faunistic differences between the M6jcza and Baltic sections there are several evol­
utionary events that enable precise time correlation. At least some of them correspond to established
zones or subzones. Below, the most important North Atlantic events are reviewed in stratigraphic
order.

(I) The M6jcza section starts with time equivalents of the Volkhovian, for which a few zones were
proposed by LINDSTROM (1971). Except for two they are clearly based on migrational events rather
than evolutionary transformations. These two exceptions refer to the elongation of processes of the
sp elements in the Baltoniodus lineage (B. "triangularis" - B. navis transition) and to the disappear­
ance of ribs in elements of Paroistodus (P. parallelus - P. originalis transition) . A single tr element
of Baltoniodus of rather robust appearance and weak denticulation has been found in a sample
collected by Dr. Wieslaw BEDNARCZYK from a limestone bed once exposed in the Buk6wka quarry.
It may represent an early form of B. navis, a suspicion supported by its eo-occurrence with typical
Drepanodus arcuatus. Samples from the limestone intercalations within the Buk6wka Sandstone,
taken by Dr. BEDNARCZYK from the core of the Buk6wka IG-l borehole (depths 83.5-84.0 and
84.0-84.5) contain sp, OZ, pi, and ne elements of an advanced Baltoniodus species, possibly B.
parvidentatus, associated with robust elements of Drepanodus. The limestone intercalations within
the Buk6wka Sandstone do not differ significantly in age from the base of the M6jcza Limestone,
while the bed sampled in the quarry may represent the much older marly intercalation, presumably
of early Volkhovian age (reported in older geological literature) that separates the Miedzygorz Beds
from the Buk6wka Sandstone.

(2) The Baltoniodus lineage underwent a serious modification during the Late Volkhovian in effect
of which the denticulation on some processes of ke, hi, and ne elements has disappeared (B. navis ­
B . parvidentatus transition; LiNDSTROM 1971; DZIK 1976, 1990; LOFGREN 1978; STOUGE and BAGNOLI
1991). It is not clear which stage of this course of events is represented in the Buk6wka Sandstone
as no well preserved ke element has been found.

(3) Close to the Volkhovian-Kundan boundary the ne elements in the Lenodus lineage developed
V-shaped cristae below the cusp (L. falodiformis - L. variabilis transition; DZIK 1983; see also STOUGE
and BAGNOLI 1991: note that the holotype of Eopla cognathus pseudoplanus is of Late Kundan age;
it can thus hardly be conspecific with the earliest Kundan populations of Lenodus for which the name
L.falodiformis was chosen). All elements of this type in the M6jcza Limestone have already developed
the cristae. The base of the formation is thus within the Lenodus ("Amorphognathus") variabilis Zone.
Generally, ne elements of Lenodus are rare and neither the exact timing of the transition nor the range
of the population variability has yet been adequately described.

(4) Much more apparent is the transition following , with some delay, the above discussed trans­
formations in Lenodus. This refers to the development of additional denticles in the sp and oz elements
of Microzarkodina (M. flabellum - M. ozarkodella transition ; LiNDSTROM 1971; LOFGREN 1978;
STOUGE and BAGNOLI 1991 proposed a special name M . hagetiana for the transitional population) that
took place in the early Kundan. Some rare elements found in the basal layers of the M6jcza Limestone
resemble M. hagetiana. Beginning from 0.7 m below the discontinuity surface typical M . ozarkodella
occurs.

(5) Of special value for intercontinental correlation is the elongation of external denticles in the
sp elements of Histiodella (H. tableheadensis - H. kristinae transition; STOUGE 1984) that reached a
height taller than the cusp. In M6jcza rare specimens of H. kristinae cooccur with M . ozarkodella.

(6) The bifurcation and significant elongation of the anterior ("lateral") process in the sp elements
marks the origin of Eoplacognathus from Lenodus (L. variabilis - E. zgierzensis transition; DZIK 1976,
1978). It is present in M6jcza but the poor preservation and rarity of elements in transitional beds
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does not allow it to be shown precisely. The early form of E. zgierzensis replaces L. variabilis 0.5 m
below, and occurs up to, the discontinuity surface.

(7) The reduction of the anterior process in the ke element of Baltoniodus (B. parvidentatus - B.
medius transition; DZIK 1978) is nicely recorded in the M6jcza Limestone, being interrupted by the
discontinuity surface prior to reaching the degree typical for B. medius. Rare specimens of the latter
species have been found reworked in the bed immediately above the discontinuity surface.

(8) The bifurcated process developed further in the Eoplacognathus lineage during the late Kundan
reaching the size and proportions typical for the genus (E. zgierzensis - E. pseudoplanus tran sition;
DZIK 1976). Although the species representing the tran sition are known to occur in proper stratigraphic
order in Estonia and the Poli sh part of the East European Platform, more data is needed, especially
concerning the population variability of the diagnostic character, to prove its proposed gradual nature.
In M6jcza E. ps eudoplanus is missing , its range of occurrence being hidden in the hiatu s.

(9) The elongation of the external ("anterior") process in oz elements in the Aserian marks the
next step in the development of the apparatus organization typical for Eopla cognathus (E. pseudopla­
nus - E. suecicus tran sition; VIIRA 1974; DZIK 1978). Thi s tran sition, although still not described in
detail, seem s to be a much better marker of the base of the E. suecicus Subzone (and , con sequently,
the base of the Pygodus serra Zone) than the appearence of P. serra, cho sen as such by BERGSTROM
(1971). The possible transition betwe en P. anitae and P. serra has not yet been documented and the
first known occurrence of P. serra is much high er than at the base of its nominal zone . In M6jcza the
E. suecicus Zone is within the sedimentary hiatu s.

(10) The final stage in the reduction of the anterior process in the ke elements took place within
the Aserian (Baltoniodus medius - B. prevariabilis transition). Rare reworked specimens of B. medius
cooccur with typical B. prevariabilis in the bed immediately above the discontinuity surface in M6jcza.

(11) Further elongation and the development of asymmetry of the oz elements as well as the
reduction of a lobe in the sp elements permit demarkation of a subzonal boundary well recognized in
Sweden and several Baltic localities (E. suecicus - E. f oliaceus tran sition; BERGSTROM 1971). Again
this event is not represented in M6jcza because of the hiatu s.

(12 ) Closely similar oz elements to those of E. f oliaceus, but with a discontinuous main row of
denticles, occurring above the range of E.foliaceus in China and the Baltic area, seem to mark another
evolutionary change of potential correlative value (E. f oliaceus - Cahabagnathus protoramosus
transition). In South China the latter species occurs in the E. recl inatus Subzone (AN 1987: p. 40), in
M6jcza and the Lesieniec borehole (NE Poland) in the E. robustus Subzone, in the latter locality being
abundant also in the E. lindstroemi Subzone, when it occurred also in Sweden (BERGSTROM 1971,
1983). Some fragmentary specimens from strata immediately above the discontinuity surface may
represent either E. foliaceus or C. protoramosus, the latter species undoubtedly occurs slightly higher
in the section. Thi s transition seems to correspond roughly in time to the appearance of E. reclinatus
in the North Atlantic realm. Although it is generally accepted that E. reclinatus is a succesor of E.
foliaceus, the specimens claimed to be transitional (see BERGSTROM 1983) decline somewhat from the
expected direction of morphologic tran sformations, and some form s seem to be rather closer to E.
suecicus (see Eopla cognathus sp. of BAUER 1987). The problem requires clarification. It seems
possible that the origin of E. reclinatus was allopatric in respect to E. f oliaceus and that the former
species appeared in the Baltic area by migration.

(13) Further elongation of the oz elements and the widening of their platform (E. reclinatus - E.
robustus tran sition) was used by BERGSTROM (1971 ) to define another subzonal boundary. In M6jcza
the first elements of Eopla cognathus, appearing above the discontinuity surface, had processes some­
what shorter than those from slightly higher strata (see Text-fig. 23) . It is thus possible that some
poorly preserved specimens from the bed immediately above the discontinuity represent E. reclinatus
and that the transition is recorded in M6jcza , too.

(14) Then, the oz elements developed an Y-shaped appearance (E. robustus - E. lindstroemi
tran sition). Both these species occur in M6jcza but their ranges are separated by a break in the
occurrence of the lineage.

(15) The development of the fourth row of tubercles in the sp elem ents of Pygodus (P. serra - P.
anserinus tran sition; BERGSTROM 1971) is a one of the most useful evolutionary events for time
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correlation. The lineage is best represent ed in Newfoundland where the transition was described in
term s of the vertica l conce pt of chronospecies (FAHRfEUS 1982). In M6jcz a elements of Pygodu s are
rare but still enable quantitative rec ognition of thi s evolutionary process (Text-fig. 26 ) which seems
to be quite gradu al.

(16) Development of sta r-shaped sp elements characteri zes the next step in the evolution of
Eoplacognathus (E. lindstroemi - E. elongatus transition). The latter species is extrem ely rare in
M6jcza precluding detailed study of the eve nt.

( 17) The typi cal feature of Amorphognathus tvaerensis, as we ll as spec ies of the same lineage
succee ding it, is a bifid posterior (" lateral") process in the sp elements with its externa l ("anterior")
lobe dom inating in size . Thi s feature ev ide ntly developed in the L1andeilo (A. inaequalis - A. tvaeren­
sis tran sition). In M6jcza the oldes t popul ations of Amorp hog nathus, occurring immediately above
the P. serra - P. anserinus transition , have both lobes of equal size, thu s being different from later,
typi cal populations of A. tvaerensis. I initi ally attributed them to A. inaequal is (DZIK 1976 , 1978 )
which occ urs in approx imate ly coe va l strata of Wales. It is now known that in typi cal A. inaequalis
the ex terna l lobe is variable in shape and usually small. Th e oldest populations from M6jcza are thu s
interm edi ate between these species and co uld be attr ibuted quite well to any of them . As there is a
smooth continuity within the M6jcza record of the evolution of the lineage (Text-fig . 21 ; DZIK 1990)
and as the Welsh spec ies is still inadequatel y known I hesitate to continue thi s identification. I am
rather inclin ed to cons ider the typi cal population of A. inaequ alis to be ancestral to the Rhodesognathus
lineage (see below).

(18) Baltoniodu s, the most co mmo n co nodo nt lineage in the Balti c region, developed a triangular
platform in the sp eleme nts (B. prevar iabilis - B. variabilis transit ion ) close to the L1andeilo/Caradoc
boundary (BERGSTROM 1971 ). Thi s transform ation is well known but of limited use in correlation
because of the ex treme ly wide popul ation and ontogenetic variability of the diagnostic character. In
Moj cza it can be traced (Text-fig . 15) and is used here as a basis for recognition of the zonal boundary,
but it is still not certa in at what time horizon this process took really pla ce . Unfortunately there is no
other tim e marker, known to me, within thi s time interv al.

( 19) Developm ent of Amorphognathus-like sp elements in Baltoniodu s is an ex tremely useful time
marker (B. variabi lis - B. gerdae transition; BERGSTROM 1971 , BERGSTROM and CARNES 1976). B.
gerdae, however, has not been found in M6jc za and alobate Baltoniodus with a triangular platform
occ urs continuously up to the level , where the accessory lobe disapp ears in the right sp elements of
Amorphog nathus (A. tvaerensis - A. supe rbus transiti on; BERGSTROM 1971 , ORCHARD 1980 , BERG­
STROM et al. 1987 ). It has been suggested that the late populations of Baltoniodus in M6jcza were
conspeci fic with Balti c B. alobatus and that thi s spec ies de veloped in the M6jcza area, allopatrically
in respect to B. gerdae , from a local population of B. variabilis (DZIK 1978 ). Thi s view is continued
to be pro vision ally accepted also here. Rhodesognathu s represent s another lineage which may be of
potential correlation va lue. Possibly, it developed as a result of a secondary reduction of the platform
in the sp elements. Welsh L1andeilo A. inaequalis , a population identified as R. poloni cus by BERG­
STROM et al . ( 1987) from the Baltoniodus var iabilis Subzon e of Britain , the robust specimens from
appro ximately coeval strata in M6jcza (PI. 21: 13), typi cal populations of R. polonicus from the A.
tvaerens is-supe rbus tran sition, and R . elegans fro m the latest Caradoc and Ashgill are thu s proposed
to represent subse quent steps in the evolution.

(20) A size domination of the cusp over the few rem aining denticles in the ne elements of
Am orph ognathu s developed in the Ashgill (A. sup erbu s - A . ordov icicus transition ; BERGSTROM 1971 ,
ORCHARD 1980 ). Amo rp hog nathus occurs in M6jc za up to the top of the section (marls of the Zalesie
Formation) and several ne elements have been collect ed from the topmost strata. The domination of
the cusp in these youngest populations see ms apparent but the whole process is much obscured by a
great population variabil ity that has not been studied in the type are as of any of the two species .
Judgin g from the published illu strations of ne elements from England (ORCHARD 1980 ; SAVAGE and
BASSETT 1985) the younges t populations from M6jcza probably represents A. ordo vicicus although
this is not quite certain. Und oubtedl y A . ordovic icus is represent ed in Miedzygorz, where elements
virtually identi cal with those attr ibuted to the speci es by BERGSTROM (1971 ) and ORCHARD ( 1980)
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have been found . Amorphognathus from the Dalmanitina Beds of Zalesie , must also represent the
same species; unfortunately the morphology of its ne elements remains unknown.

When the evolutionary events reviewed above are superimposed on the vertical distribution and
changes in frequency distribution of spec imens representing spec ies of particular lineages, there is no
correspondence with the faunal dynami cs (DZIK 1990). Even if the process of evolution responded to
ecolog ica l factors cont rollin g the distribution of species , this was evidently done in a more complex
and subtle way than is comm only ass umed.

TAXONOMIC METHODOLOGY

All the species describ ed below are understood as chronos pecies, that is, as being objectiv ely
delimited in every time plane but with arbitrarily defined time dimensions. The time-morph ologic
bound aries of part icul ar spec ies are always understood as being horizont al, separating successive
popul ation s, not morphotypes.

Follow ing the above definitions, a type popul ation (the popul ation to which the holotype belongs)
represents the reference standard for any spec ies. Select ion of the holotype defin itely determ ines the
concept of the species . The content of a diagnosis, whether orig inal or emended by subsequent revisers,
is irrelevant in respect to part icular (bio)s pecies. The only aim of diag noses rema ins their usefulness
in the identification of a spec ies, especially for beginn ers in conodont taxonomy. Thi s is why I aim
to formul ate them in the simplest possibl e way and to precisely indica te features diagnostic for the
species, allo wing its diferenti ation from other cooccurring (sympatric) species and allopatric relatives,
as well as from precedin g and succeeding stages in the evo lution of the lineage.

Regarding the time-morphologic dim ension of a chronospec ies I fee l bound by the decisions of its
author or the first reviser, espec ially when the boundary was indicated in a specified section with
documented evolutionary transition from the ances tor and to a successor of the considered species (as
in B ERGSTROM 1971). However, as long as the horizontal conce pt of chronospecies is acce pted here,
I do not feel bound by decisions that were made in term s of the vertical concept, exce pt for the cases
when the horizon at which the transition between spec ies took place was indicated in a sec tion. The
vert ical defin ition is then "translated" into a horizontal one.

Diagnoses are genera lly (as much as possible) inclu sive, i.e. the charac ters used to produce a
generic diagnosis are not repea ted in diagnoses of its spec ies .

RANKS OF TAXA

The phylogeny of seve ral Ordovician conodont genera is recognized with a preci sion rarely reac hed
in paleontology. Together with the development of the conodont taxonomy the split betw een paleon­
tological and neontological taxonomic rule s becomes more and more apparent. Ranges of genera in
paleontology are generally restricted to single evo lutionary lineages. In effect, genera like Eoplacog ­
nathus, Amorphogna thus, Rhodesognathus, or Cahabagnathus (representing the family Balognathi­
dae) are actually monospecific in any time plane. There are no coeval species, neither allopatric nor
sympatric, in any of them. Thi s makes the paleontological concept of genus clo ser to the neontological
species than genus, where monospecific units are exceptions rather than a rule.

Obviou sly, this approach is convenient in stratigraphic applications because any generic name
unequivocally refers to particular lineage. Having in mind the need for consis tency among different
areas of biolo gical taxonomy as a general role, I would prefer to apply the subgeneric rank to these
series of chronospecies that are widely used in time corre lation. The gener ic rank should be reserved
for groups composed of at least two allopatric lineages unless there is a really profound morph ologic
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gap separating them or there are reasons to be lieve that future stud ies wi ll lead to recognition of more
allopatric species wi thin the ge nus. This app roach wo uld still allow the informal use of subgene ric
names in biostratigrap hic wo rks. Neverthe less, it see ms unreali stic to oppose the tendency sha red by
most co nodont specialists. The on ly purpose of these comme nts is to make anybody, who is interested
in using the taxonom ic data presented below for biological ana lyses , aware that they are basicall y
biased.

I would also prefer to continue the usage of the chro nos ubspecies rank to these parts of strati­
gra phically important lineages that are less apparently dis tinct, especially for inexperienced co nodont
stude nts. Once agai n, it appears impractical to introduce such subtleties to biostratigrap hy, so I no
longer app ly this co nce pt to conodonts, invariably using only the species rank for all recogni zable
units. As it was suggested (DZIK and TRAMMER 1980) the m inimu m mo rpholog ic distance (not
necessarily measured but j ust rough ly estimated) acceptable for the type populatio ns of closest
chro nospecies should be such, that no ove rlap of standa rd deviations of diagnostic characters devel op s
(this allows unequ ivocal disti nction witho ut biometrics). If it is necessary to intro duce temporal units
of lower ranks it seems enough to indicate them by using the term s "early", "typica l" and " late fo rms"
(fo llow ing BERGSTROM 197 I).

Higher ranked units are defined accord ing to fea tures of the core of the evolutio nary branches
represented by them. Otherwise numerous homeomorphies would dest roy tradition ally used schemes
of classificat ion, in fact provi ding no other prac tical alterna tive . Dec isions co ncerning rank s of units
are based not only on morphologic cri teria; but also the number of lineages inc luded is co nsi dered .
Ranges of units of the same rank are intended to be at least roughly co mparable.

The suprageneric classifica tion used here differs slightly fro m that proposed by SWEET ( 1988). The
objectives for modifications have been discussed elsew here (DZIK 1991).

ORIENTATION OF ELEMENTS AND DESCRIPTIVE TERMINOLOGY

The three-di mensiona l organization of the conodont oral apparatuses has becom e kn own in more
and more detail owi ng to the ana lysis of the eleme nt orie ntatio n in natu ral assemblages and their
possible function has been supported by discoveries of speci me ns wi th soft part s preserved (BRIGGS
et al. 1983). Th ere is thus no longer any need for artificial, arbitrarily chosen orientation of elements,
so much that the origina l ass ump tion that the conodont ele ments were ana logous to fish teeth and
sca les appears to be defi nite ly wro ng.

It is now out of the ques tion that elements in the apparatus had their cusps directed one against
the other in eve ry pair (medially), that is, that they were arrange d along an oral fissure and transversel y
to the long axis of the bod y (DZIK 1976, 1986; DZIK and DRYGANT 1986; ALDRIDGE et al. 1987). The
surface of any unspec ialized eleme nt that is gently convex appears thus to be the anterior one (not
lateral , as tradi tionally named) whi le the oppos ite side, wi th the basal cone slightly gaping and swollen,
that is the side toward whic h the cusp is slightly incl ined, is the pos terior one . Physiologically, the
end of any element which was traditionally ide ntified as anterior appears to be ac tua lly the ventra l
one. The process, which tends to be strongly bent is thu s the ventra l (external, outer) one, while the
opposi ng stra ight, long process h idden in the mouth should be named the interna l (inne r, dorsal)
process (DZIK 1991). The secondary processes should be rename d accord ing ly. To avo id the mislead­
ing usage of too many adjectives assoc iated with the term "process" I propose to restr ict the maximum
number of processes to four and to term the addi tiona l ramifica tio ns as "branches " or " lobes" (see
Text-fig. 19).

I thu s propose to abandon the trad itional terminology of elemen ts (reviewed in SWEET 1982) based
on PANDER'S ass umed or ientation, reasonable at the pre-app aratu s stage of studies but unsupportabl e
today. To co ntinue to use these artificial coordinates, where eve n left and right sides are not the
physiological ones, would res ult in too much confusio n. I bel ieve that now is the proper, if not the
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last , time to change to a physiological orientation and terminology of elements. To fail to do so would
become more and more confusing with time.

TAXONOMIC DESCRIPTIONS

Note. - Synonym y lists in the followi ng chapter contain referen ces to the first descr ipt ion of a species or; alter­
nately, the last redescription of the type spec imens, the first appara tus reconstructions, all illustrated reports on its
occ urrence s in the Holy Cross Mountains, and their most recent descr ipt ions from elsewhere.

Phylum Chordata
Cla ss Conodonta PANDER , 1856

Diagnosis . - Nak ed bod y (lamprey- shaped in Carboniferous forms) . Oral apparatus with phos­
phatic denticles that armed in pairs both sides of a medial oral fissure. Each denticle composed of a
conical crown secreted from outside and a (usually poorly developed) basal filling within the basal
cavity.

Order Westergaardodinida LINDSTROM, 1970
(Paraconodontida MULLER, 1962)

Diagnosis. - Distinct from other conodonts in the structure of elements of the oral apparatus . The
elements started their gro wth as minute rods lacking any basal cavity, with the c:row n tissue sec reted
from all sides. Sub sequent secretion of the crow n tissue was restri cted to the basal part s of the element
surface and to the margin of the basal cav ity. The crow n tissue contained ori gin ally a lot of organic
matter, the basal fill ing tissue, if present, is weak ly minerali zed (see ANDRES 1988).

Famil y Westergaardodinidae MULLER, 1959

Diagnosis. - Element s with a flat anterior surface separated from strongly convex posterior one
by ridges that form more or less pronoun ced proc esses.

Genus Westergaardodina MULLER, 1959

Type species: W. hicuspidata MULLER , 1959.

Diagnosis. - Flat elements with two long processes gently curved towards the more or less
reduced cusp and parall el to it.

Westergaardodina bicuspidata MULLER, 1959
[DZIK and PISERA 1994 (this volume): PI. 9: 13-14]

1959. Westergaardodina bicuspidata n. sp.: MULLER, p. 468, PI. 15: 1, 4, 7,9, 10, 14.

1966. Westergaardodina hicuspidata MULLER; HAMAR, p. 80, PI. 6: I , Text-fig. 2: 3.

1976. Westergaardodina ex gr. hicuspidata MULLER; DZIK, Text-fig. 12a-e.

1982. Westergaardodina bicuspidara MULLER; LANDING in FORTEY et al., Text-fig. 7d.

Type hor izon and locality: Erra tic bo ulde r of dark limestone with num erou s Furnishina furn ishi and Ctenopyge
fl ahellifera, Pr.-Nr. 836, NE Germany (labe lled Mark Brandenb urg in old collection of the former Preussische geologi­
sche Landesansta lt; see MULLER 1959 ).

Diagnosis . - Completely reduced cusp , strongly thickened processes parallely arranged, leaving
onl y a narrow fissure in between. Basal cavity restricted only to the distal margin s of the processes.

Remarks. - Thi s is a typic ally Late Cambrian species whi ch has however been repeatedly re­
ported also from the ea rly (FORTEY et al. 1982) and even middle Ordovician (HAMAR 1966; DZIK
1976). It seems highl y unlik ely that the specimens from the M6jcza Limestone had been reworked
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from Cambrian strata because the Cambrian in the Kielce area is developed onl y in a coarse cla stic
facie s. The species is more like ly a survivor of its long ranging lineage.

Distribution. - In the M6jcza Limestone found at the level 0.8 m and imm ediately be low the
discontinuity surface tLenodus variabilis Zone. Kundan , Arenig/Llanvirn boundary).

Order Panderodontida SWEET, 1988
Diagnosis . - Elements of the apparatus forming a single transition series of seven(?) element

pairs. the presence of a medial element is uncertain.

Family ?Fryxellodontidae MtLLER, 1982
Genus Polonodus DZIK, 1976

Type species: Ambalodus clivosus VII RA, 1974.

Remarks. - Despite the wide geographic distrib ution of the ge nus, whic h is especially we ll
represented in co llectio ns from the Table Head Formation of Newfoundland (STOUGE 1984) its
relationships remain obscure . Ornam en tat ion and shape of juve ni le elemen ts are suggestive of a
relationship with cooccurring Lenodu s variabilis but there are also some morphologically more
primitive conodonts similar to Polonodus, for instance ea rly species of the Pygodus lineage (DZIK
1983) attributed to Polonodu s by STOUGE and BAGNOLI ( 1988) . Only a single element type has been
identified with certainty, although the occurrence of add itional type s was sugges ted by BERGSTROM
( 1983). LOFGREN ( 1990) proposed a complete apparatus reconstruction with a Lenodlls-like filtratory
basket.

The platform elements of Polonodus have a very deep basal cavity and bifurcating processes
ornamented with tran sverse row s of tubercles of variable size. At early ontogenetic stages they are
cruciform in occlusal view (DZIK 1976), later in its ontogeny quite complex shapes may develop
(STOUGE 1984).

Polonodus sp.
(PI. 20: 9-10)

1976 Polonodu s clivos us (V IIRA); D ZIK, Text-fig. 29c-d.

1978. cf. POIOIIOdlls cl ivosus (V IIRA); L OFGREN, p. 77, PI. 16: 12-1 3.
1978. Polonodu s'l sp. B.; LOFGREN, p. 77, PI. 16: 7-8, Text-fig. 30.
1979. cf. "Amo rphog nathus" n. sp. LI NDSTROM, 1964 (=? Polonodus sp.); H ARRIS et al ., PI. 2: 11 , 15.

1984. ef. Polonodus tablepointensis n. sp.; STOUGE, p. 72. PI. 12: 13. PI. 13: 1- 5.
1984. ef. Polonodus clivosus (VllRA); ST OUGE. p. 73, PI. 13: 6- 13.
1984. cf. Polonodu s ? newfoundlandensis n. sp.; ST OUGE. p. 73, PI. 13: 14-1 6. Text-fig. 26.

Remarks. - The few fragmentary platform elements fro m the M6jcza Limestone do not enable
reco nstruction of the act ua l shape of adult elements. Judging from known specimens of the genus
from Estonia and erratic bou lder s of Baltic origin they are extremely variable in respect to the
ornamentation of the crown. On the oth er hand the pattern of ontogenetic transformations, expressed
mainly in the branching of lobes, seems to be re latively stable and uniform in all known morphotypes ,
Therefore va lid ity of species introduced by STOUGE ( 1984) requires additional biometrical support.

Distribution. - Rare in basal parts of the M6jcza Limestone from 0.8 to 0.2 m below the
discontinuity surface tM icrozarkodina ozarkodella Subzone of the Kundan: late st Are nig ).

Ge nus Pseudooneotodus DRYGANT. 1974

Type species: On eotodus'l beckmanni BI SCHOFF et S ANNEMANN, 1958.

Diagn osis . - Elements are stoutly co nical with deep basa l cavity, walls thicken apically, surface
re latively smooth.
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Pseudooneotodus mitratus (MOSKALENKO, 1973)
(PI. 11: 7)

1973. Ambalodus mitratu s mitratu s MOSKALENKO, sp. nov, subsp. nov.: MOSKALENKO, p. 86, PI. 17: 9-11.

1976. Oneotodus mitratu s (MOSKALENKO); DZIK, p. 435, Text-fig. l2e-f.

1980. Pseudoneotodus mitratus (MOSKALENKO); ORCHARD, p. 25, PI. 3: 35,42.

1983. Pseudoneotodus mitratus (MOSKALENKO); NOWLAN, p. 667, PI. 3: 17,21.
Type horizon and locali ty: Sample PT-IV-33, (Baxan stage, Llandeilo), Podkamiennaja Tunguzka river, Siberia.
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Diagnosis . - Elemen ts subtria ngular in occ lusa l view with the inner lobe delimited by shallow
sinuses . Sin gle cusp.

Comments . - The Nort h Atlantic popul ation of the species slightly differs fro m the type one in
a complete lack of eleme nts with dis tinctly tril obate co ntours . Moreover, some younge r populations
from the Late Caradoc and Ashgill differ from the preced ing ones in a more oval shape of the elements .
They are repl aced in the Siluri an by the type spec ies of the genus, elements of which are almost
circular. In Siberia another chrono(sub)species, P. nostras (MOS KA LENKO, 1973) with T-shaped ele­
ments having their inner process orname nted with rows of tubercles preceded it in the Chertov stage.
This may suggest that Pseudooneotodus is actua lly a secondarily simplified outshoot of the group of
platform conodonts wide ly occ urr ing in the L1anvirn of Siberi a and erroneous ly attributed to Polypla­
cognathus (see MOSKALENKO 1983) but possibl y related to Prattognathus.

Distribution. - In M6jcza the spec ies occurs sporadically beginning fro m the level 0.4 m above
the discontinuity surface (E . robustus Subzon e; Late L1anvirn ) up to the top of the sec tion. Kno wn
also fro m other outcrops of the M6jcza Limestone and Zalesie Formation in Miedzygorz and Zalesie.
The species is reported to occ ur in Eng land and other area s also in the Late Caradoc and As hgill up
to the base of the Him antian (ORCHARD 1980).

Pseudooneotodus sp .
(PI. 11: 6)

1980. Pseudooneotodus aff. beckmanni (BISCHOFFet SANNEMANN); ORCHARD, p. 24, PI. 3: 30, 34.

1988. Pseudooneotodus aff. P. beckmann i (BISCHOFFet SANNEMANN); NOWLAN et al ., p. 34, PI. 16: I.

Remarks. - Elem ent s of Pseudooneotodus of ova l shape from the latest Ord ovician are tradition­
ally referr ed to as P. beckmanni. The material at hand (see Tables) is too sma ll to make any taxonomic
decision.

Distribution. - In M6jcza the spec ies occurs in the topm ost layers of the outcrop (A. ordovicic us
Zon e, Ashgi ll), elsew here known fro m stra ta of the same age .

Fami ly Belodellidae KHODALEVICH et CHERNICH, 1973

Diagnosis . - Elements showing prominent size gradie nt in the appara tus, with the anteriormost
elements ne being the largest , of knife-l ike appearance, the following hi elements are smooth and
laterally twisted , whi le the rema ining ele ments, with more or less prominent lon gitudinal ribs, form
a separate symme try transition series .

Genera included.- Scalpellodus DZIK, 1976, Walliserodus SERPAGLI, 1967, Belodella ETHlNG­
TON, 1959, Drepanodistacodus MOSKALENKO, 1977 , Dvorakia KLAPPER et BARRICK, 1983.

Ge nus Scalpellodus DZIK, 1976 emend . LOFGREN, 1978

Type species: Protopanderodus latus VAN WAMEL, 1974.

Diagnosis . - All the elements in the apparatus ornamented only with a delicate longitudinal
striation (ke- sp) or almost smooth (ne-hi) .

Remarks.-Th e present meaning was given to the genus by LOFGREN (1978) who ide ntified several
chro nospecies in the Baltic materials. Origin ally I erro neo us ly attributed to this genus also ne and hi
elemen ts (they are not diagnostic at the generic level) whic h actually belong to Walliserodus, a more
adva nced member of the family.
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Scalpellodus viruensis LbFGREN, 1978
(Pis 12: 20, IS: 7)

1978. Scalpellodus viruensis sp . n.; LOFGREN, p. 103, PI. 5 : 1- 2, 7- 9 .

1991. Scalpellodus? viruensis LOFGREN; MCCRACKEN, p. 51, PI. 3: 32-37.

Type hori zon and localit y: Sam ple 169-47, Garde section, 3 m above the base of the measured section (lates t Kundan
or ea rlies t Ase ria n, Early Llan virn ), 1amtland , Sweden .

Remarks. - Few elements of this species, extremely rare in M6jcza, were identified.
Distribution. - In M6jcza the spec ies has been found 0.8 m below and immediately below the

bentonite (P. anserinus Zon e, Llandeilo ), significantly higher than in the Baltic region (LbFGREN
1978).

Genu s Walliserodus SERPAGLI, 1967

Type spec ies : Paltodus debolti REXROAD, 1967 (=Acodus curva tus BRANSON et BRANSON, 1947).

Diagnosis. - Except for the two anterior pairs (ne- hi) all the remaining elements in the apparatus
are armed with a few sharp longitudinal keel s.

Walliserodus costatus D ZIK, 1976
(PI. 12: 1-6; Text -fig. 2a)

1976. Walliserodus costatus sp. n.; DZIK: p. 42 1, PI. 4 1: 2. , Text-fig. 14m, n.

1978. Walliserodus costatus DZIK; DZIK: PI. 15: 7.

1978. Walliserodus cf. ethingtoni FAHRJEUS; LOFGREN: p. 113, PI. 4 : 13-1 4.

Holotype: ZPAL CVI/307; DZIK 1976, Text-fig. 14m .

Type hori zon and locality: Sample MA- 14, the layer below the discontinu ity surface in the M6jcza Lim estone (L.
variabi/is Zone , Kundan ; latest Aren ig), M6jcza, Holy Cross Mountain s , Poland .

Diagnosis. - All the elements of the apparatus with relati vely shallow basal cavities (and conse­
quently robust cusps). Longitudinal keel s are very low and generally more numerous than in other
species of the genu s. In the symmetry tran sition ser ies an almo st symmetrical element type with
convex external side.

Remarks. - The species differs from W ethingtoni in a shallower bas al cav ity and less prominent
longitudinal ribbing, from W nakholmensis in conv ex external side of (almost) symmetrical elements.
The two large st elem ent types (ne- hi) are of a Scalpellodus type and thi s, together with weak and
numerou s longitudinal keel s in the remaining elements, suggests a close relationship or even derivation
from the species Scalpellodus latus (VAN WAMEL, 1974). The end member of the symmetry transition
series may be symmetrical but this remains unclear, as the only strictly symmetrical elements found
(in sample MA-I27) are of very small size. Their apparent symmetry may be due to the incomplete
development of the keel s. Morphologically the closest elements from other samples (mainly from
MA-128) are slightly asymmetric.

Distribution. - The species appears at the base of the M6jcza lime stone and occurs up to the
discontinuity surface (L. variabilis Zone, Kundan), known also in the latest Latorpian and Volkhovian
of the Baltic region (LbFGREN 1978).

Walliserodus ethingtoni (FAHRiEUS, 1966)
(PI. 12: 7-10, 15-19; Text-fig. 2b)

1966. Panderodus ethingtoni n. sp.; FAHRiEUS, p. 26, PI. 3: 5a-b.

1976. Scalpellodus cavus (WEBERS); DZIK, p. 44 4 , Text -fig. 14a-e.

1976. Walliserodus ethingtoni (FAHRiEUS); DZIK, p. 444, Text-fig. 14o--p.

197 8. pa rtirn Walliserodus ethingtoni (FAHRiEUS); LOFGREN, p. 114, PI. 4: 27-35, Text-fig . 33 .

1984. Walliserodus ethingtoni (FAHRiEUS); STOUGE, p. 64 , PI. 9 : 1- 9 .

1984. ?Parapaltodus j7exuosus (BARNES et POPLAWSKI); STOUGE, p. 48, PI. 1: 19, 22-25 .

1984. Walliserodus ethingtoni (FAHRiEUS); CHEN and ZHANG, PI. 3: 25-26 .

1984. Paltodus? mysticus LINDSTROM; CHEN and ZHANG, PI. 3: 32-33.
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hi pi tr oz sp

Fig. 2.
Apparatuses of Wa //iserodlls species and proposed homology of their elements. a . W. costatus D ZIK, 1976. b. W.

ethingtoni (FAHRJEUS, 1966). C. W. nakholmensis ( HAMAR, 1966).

1985. wal liserodus ethingtoni ( FA HRJEUS); F AHRJEUS and H UNTER, p. 1180, Text-fig. 6, PI. 3: 11-1 6.

1985. Scalp ellodus cams (W EBERS) ; F AHRJEUS and H UNTER, p. 1178, PI. 3: 1- 7, Text-fig. 4A-E (partim).

Type horizon and locality: Skovde or Vikarby Limestone (not indicated by F AHRJEUS 1966) (Aserian or Lasnarnagian ,
Llanvim), Gullhogen quarry in Skovde , Vastergotland, Sweden.

Diagnosis. - Elements with very deep basal cavi ties and thin walls . Costate elements (ke-sp)
with more or less ova l cross section at the base, the anterio rmost two pairs of elements (ne- hi) with
wide base, almos t alate.

Remarks. - W. ethingtoni is probably a successor of W. costatus, from which it differs in the
elongation of bases in the ne-hi elements and stronger costation of the remainin g elements. The
transition has been desc ribed quantitatively by L OFGREN (1978) in terms of an increasing mean number
of keels in the symmetry transition series of ke-sp elements. In M6jcza the discontinuity surface cuts
across the ranges of these chronospec ies makin g bound aries between them artificially abrupt, but in
the lamtland section the transit ion seems to be completely smooth. Even in M6jcza spec imens from
samples MA-44 to MA-50 are exac tly transitional between Kundan popul ations of W. costatus and
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the very charac ter istic populat ion of L1and eilo age, ide ntified here as co nspec ific wi th W. ethingtoni.
Altho ugh the o ldes t popul at ions attr ibu ted by LOFGREN ( 1978) to W. ethi ngtoni are mo re or less coeval
with the type populat ion of W. cos tatus , all her spec ime ns show wide ly gaping basal cavities . Thi s
may suggest an allo pa trica lly overlappi ng ranges of these species. In the course of subse quent
evolution the e leme nts of W. ething toni become more prominently orname nted and thinner-wall ed .

Distribution. - In M6jcza the species ranges fro m 0.4 m above the disconti nuity (E. reclinatus
or E. robustus Subzon e, Late L1anvirn) up to 0.5 m above the bentonite (A . tvaerens is, Earl y Caradoc).
Known occ urre nces in the Balt ic area and Newfoundland range from Aserian (possibly late Kundan)
to ea rly Caradoc.

Walliserodus nakholm ensis (HAMAR, 1966 )
(PI. 12: 11-1 4; Text-fig. 2c)

1966. Panderodus nakholmensis n. sp.; HAMAR, p. 66, PI. 7: 22-24, Text-fig . 3: 3.

1967 . Drepanodus amplissimus n. sp.; SER PAGLI, p. 66, PI. 15: la-5b.

1967. Wal/iserodus deholti (REXROAD) ; SERPAGLI, p. 104, PI. 3 1: Il a-1 3c.

1976. Wal/ iserodlls nakholmensis (HAMAR); DZIK, p. 444, Text-fig. 14q- t.

1978. Wal/iserodlls iniquus (VURA) ; LOFGREN, p. 11 6, PIA: 15- 26.

1981. Wal/iserodlls nakholmensis (HAMAR ); NOWLAN, p. 16, PI. 3: 1- 6, 12.

1985. waltiserodus nakholmensis (HAMAR); FAHRiEUS and HUNTER, p. 11 8 \, PI.2: 1- 5, Text-fig. 7.

1985. Scalp el/odus cavils (WEBERS); FAHRiEUS and HUNTER, p. 11 78, PI. 3: 1-7, Text-fig. 4A-E (partim).

1980. Walliserodlls amplissimu s (SERPAGLI); ORCH ARD, p. 26. PI. 3: 3-7, 12, 13, 17, 18.

1988. Walli serodlls amplissimus (SERPAGLI); NOWLANet al., p. 40, PI. 19: 1- 15.

Type horizon and locality: Sample 157, top of the Upper Chasmops Limestone (Late Caradoc), Nakholmen in the
Oslo district , orway.

Diagnosis . - Symmetr ical eleme nts (t r ) of the apparatus with fla t ex terna l side and with only five
keels.

Remarks. - Co state e leme nts of W. nakholmensis differ fro m those of re lated spec ies by ha ving
fewe r lon gitudinal keels. Th e eleme nts of the anteriormos t two pair s (ne-h i) are morphologicall y
transitional between those of W. cos tatus and W. ethingto ni in that they have wide ned but not alate
bases . NOWLAN (19 81 ) was the fir st who properl y recogni zed the apparatus of the spec ies (and genus)
and included in his recon stru ct ion the smooth eleme nt types shared also by spec ies of Sca/pellodus .

Distribution. - Th e spec ies is wid ely distributed in North Atl anti c faun as of the Middle Ordovi­
c ian as well as in the Lat e Ordovician Hamarodu s faun a. In M6jcza it cooccurs with W. ethingtoni in
the middle of the section, beginning from the discontinuity surface, and continuing in its occurrence
to the top of the section. Occurs also in the Late Ord ovician of Miedzygorz and Zale sie.

Family Panderodontidae LINDSTROM, 1970

Diagnosis. - Apparatu ses similar to Belodell idae but all e leme nts with the pand erodont furrow
on the anterior side (or both sides if symme trica l eleme nts are present).

Genera included. - ?Para panderodu s STOUGE, 1984 , Panderodus ETHINGTON, 1959, Be/odina
ETHINGTON, 1959 , Cul umb odina MOSKALENKO, 1973, Plegagnathus ETHINGTON et FURNISH, 1959 ,
Pseudobelodina SWEET, 1979 , Parabelodina SWEET, 1979 , Neopanderodus ZIEGLER et LINDSTROM,
1971.

Genus Panderodus ETHINGTON, 1959

Type species : Paltodus unicostatus BRANSON et MEHL, 1933.

Diagnosis . - Unde nticulated (ra re ly serrated) eleme nts with panderodont furrow always present
on the anterior side of the asymmetric e leme nts .
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Fig. 3.
Apparatuses of Panderodus spec ies and proposed homology of their elements. a. P. sulcatus (F AHRJEUS, 1966). b.

Panderodus sp. A.

Panderodus sulcatus (FAHRJEUS, 1966)
(Pis 12: 2 1-28; 24 : I ; Text-fig. 3a)

1966. Paltodus sulcatus n. sp.; F AHRAus, p. 25, PI. 3: 9a-b.

1976. Panderodus grac ilis ( BRANSON et M EHL) ; D ZIK, p. 435, Text-fig 15a- b (non e-f).

1978. Panderodus sulcat us (FAHRJEUS); L OFGREN, p. 67, PI. 8: 7-9.

1987. cf. Panderodus sp.; B AUER, p. 23, PI. 4: 12.

Type horizon and locality: Skovde Limestone (E. recl inatus Subzone, Llanvirn) at the Gullhogen quarry, Vastergot­
land, Sweden.

Diagnosis. - Relat ivel y robu st eleme nts, generalize d in shape, the ne element s gently curv ed ,
wid e; a symmetrica l eleme nt present.

Remarks . - The general apparatus composition has been known since LOFGREN'S ( 1978) descrip­
tion . The ant erior, ne, eleme nt depart s morphologicall y from the remaining thre e types that can be
easily distingui shed from one ano ther ow ing to the presen ce or abse nce of one or two ribs bordering
their externa l sides. The surfac e of the eleme nts is almost smooth. The symme trica l e leme nt has two
furrows but sometimes one of them is less complete, which makes the e leme nt not quite symme trical.
Und oubtedl y symmetrical eleme nts have been found only in olde r populati ons of the species (sample
MA-5 2). Higher up they see m to be missin g (sample MA-66).

Distribution. - Occurs in M6jcza from 0.4 m above the discontinuity (E . rohustus Sub zon e,
L1anvirn ) at least up to 0.5 m above the bent onite (A . tvaerensis Zo ne, Early Caradoc) and there see ms
to be an evolutionary continuity to Panderodu s sp. A. Similarly distr ibut ed in Miedzygorz. The species
is known also from the L1anvirn of the Balt ic region .

Panderodus sp. A
(PI. 12: 29-32; Text- fig. 3b)

Remarks. - Late Ord ovici an popul at ions of Panderodu s in the M6jcza section differ from the
pre ceding ones in hav ing more gently curve d, slende r ne eleme nts , more gra ci le appearance and
di stinct stria tion of all eleme nts, as well as in the lack of symme trica l eleme nts in the apparatus.
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Distribution. - The lower boundary of the occurrence is difficult to trace because of the rarity
and poor pre servation of the elements; probably appears 1.2 m above the bentonite (A . tvaerensis
Zone) but typical form s occur much higher in the marl y lime stones of the Zalesie Formation (A .
ordovicicus Zone) in Mojcza, Miedzygorz, and Zalesie .

Incertae ordinis
Family Scolopodontidae BERGSTROM, 1982

Remarks. - The apparatu s of Scolopodus is still inadequately known and its relationship to the
oldest non-westergaardodinid conodonts ("euconodonts") remains unclear.

Genus Scolopodus PANDER , 1856

Type species: Scolopodus sublaevis PANDER, 1856.

Diagnosis. - Apparatus with low morphologic differentiation of elements that have shallow basal
cavities and long , mo stly hyaline cusps omamented with prominent longitudinal ribs .

Scolopodu s peselephantis LINDSTROM, 1955
(PI. 11: 1-5)

1955. Scolopodus'i peselephantis n. sp.; LINDSTROM, p. 595, PI. 2: 19-20, Text-fig. 3Q.
1978 . Sco lopodus? peselephantis LINDSTROM; LOFGREN, p. 108, PI. 4: 43--47.

1981. "Scolopodus" peselepnanti s LINDSTROM; NOWLAN, p. 13, PI. 5: IQ-Il .
1988. "Scolopodus" peselephanti s LINDSTROM; STOUGE and BAGNOLI , p. 139, PI. 15: 18.
1991. "Sco lopodus" pese/ephantis LINDSTROM; STOUGE and BAGNOLI , p. 25, PI. 9: 12-13.

Type horizon and locality: Sample 2, base of the Lower Planilimbata Limestone (Arenig ) at Latorp, Sweden.

Diagnosis. - Very small elements with almost straight cusps and few strong longitudinal ribs on
their inner surface laterally followed by numerous small riblets .

Remarks. - Despit e the abundance of elements of the species in my collections I am not able to
distinguish discrete element type s in the apparatus or to trace any evolutionary change.

Distribution. - The species occurs almost throughout the whole sections in M6jcza, Miedzygorz
and Zalesie. In M6jcza the fir st rare specimens occur as low as 1.0 m below the discontinuity surface
(L. variabilis Zone) and up to 2.0 m above the bentonite (A. tvaerensis /superbus transition zone);
again in the topmost beds of the Zalesie Formation (A. ordovicicus Zone). Elsewhere it is known also
from the whole Arenig.

Family Strachanognathidae BERGSTROM, 1982
(incl. Comuodontidae STOUGE, 1984)

Diagnosis. - Apparatus composed of elements of approximately uniform size with smooth gra­
dation of shapes, forming a single symmetry transition series (ne elements in advanced forms may be
somewhat separated morphologically) . Symmetrical elements, if present, of very generalized morpho-
logy . .

Remarks. - The family differs from the Belodellidae and Panderodontidae in the lack of any
prominent size gradient in the apparatus, and from the Protopanderodontidae in having only a single
symmetry tran sition series in the apparatus and in the possible lack of unpaired tr element. The
organization of the apparatus resembles closely that of members of the Panderodontida but careful
phylogenetic studies are nece ssary to resolve the question of its relationships.

Genera included . - Cornuodus FAHRiEUS, 1966, Dapsilodus COOPER, 1976, Scabbardella OR­
CHARD, 1980, Decoriconus COOPER, 1975 , Besselodus ALDRIDGE, 1982, ?Strachanognathus RHODES,
1955.

Genus Cornu odus FAHRIEUS, 1966

Type species: Cornuodus erectus FAHRiEUS, 1966 (=Drepanodus longibasis LINDSTROM, 1955).
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Apparatu ses of Cornuodus species and proposed homology of their elements. 3 . C. longibasis (LI NDSTROM, 1955). b. C.
bergstroemi S ERPAGLl, 1967.

Diagnosis. - Elements of the apparatus with deep, conical basal cavities, bases of oval cross
section, cusps bent knee-like.

Remarks. - LOFGREN (1978) first properly identified the main element types of the Cornuodus
apparatus and distictions between species. Despite the very generalized morphology of the elements
in the apparatus, up to six discrete element types can be distinguished in samples with numerous
specimens of the genus. The standard notation of the element types proposed here is, obviously, very
tentative and based on some similarity to Drepanodus. This does not necessarily mean that these
genera are closely related to each other. An alternative interpretation is suggested by the close
similarity in the apparatus organization to that of Dapsilodus. Especially the elements with widened
bases clearly seem homologous in these apparatuses. If Dapsilodus is related to Besselodus, a genus
with the apparatus organization known from a complete cluster (ALDRIDGE 1982), this wide element
type would be the ne one. There are elements in the apparatus of Cornuodus that may be homologous
to tr elements of higher conodonts but their extremely simple morphology makes any interpretation
difficult.

Cornuodus longibasis (LINDSTROM, 1955)
(PI. 11: 8-13; Text-fig. 4a)

1955. Drepanodus longibasis n. sp.; LI NDSTROM a, p. 564, PI. 3: 31.
1963. Paltodus sp. nov.; SPASSOV and T ELLER, p. 80, PI. 1: 6.
1966. Cornuodus erectus n. sp.; FAHRJEUS, p. 20, Text-fig. 2B, PI. 2: 8.

1976. Scalpellodus (?Cornuodus) laevis sp. n.; DZIK, p. 421 , PI. 41: I , Text-fig. 13a-c, r-s.

1984. Scalpellodus laevis DZIK ; DZIK , p. 336, PI. 2: 3--4.

1978 Cornuodus longibasi s (L INDSTROM); L OFGREN, p. 49, PIA: 36, 38--42, Text-fig. 25A-C.

1984 Cornuodus longibasis (LIN DSTROM); S TOUGE, p. 62, PI. 8: 1-8.
1988 Cornuodus longibasis (L INDSTROM); STOUGE and BAG NOLl, p. 114, PI. I : 20-2 1.

1991 Cornuodu s longihasis (L INDSTROM); STOUGE and B AGNOLl, p. 14, PI. 3: 3-7.
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Type horizon and locality: Sample 12, top of the Upper Planilimbata Limestone (Arenig) at Lann a near Orebro, Sweden.

Diagn osis. - Elem ent s of generalized shapes, the sp-oz ones with funnel-like base, tr-ne ele­
ments with an oval to round cross-section.

Remarks. - The species differs from its closest relati ve C. bergstroemi in having an almost
straight profile of the base in all the element types.

Distribution . - The complete range is difficult to trace because of the similarity of the e lements
to other generalized spec ies. Probably the species is widespread from the Arenig (Hunnebergian) until
Ashgill. In Mojcza, Mied zygorz and Zalesie throughout the sections.

Cornu odus bergstroemi S ERPAGLI, 1967
(PI. 11 : 14-19; Text-fig. 4b )

1967. Cornuodus bergstroemi n. sp.; SERPAGLI, p. 57 , PI. 12: l a- 2c.

1967 . Cornuodus montana roae n. sp.; SERPAGLI, p. 58, PI. 12: 3a-4b.

1967 . Cornuodus erectus FAH RIEUS; SERPAGLI , p. 57, PI. 12: 5a- 8b .

1978. Cornuodus bergstroemi SERPAGLI ; LOFGREN, p. 51, PI. 4: 37, Text-fi g. 250.

Type hor izon and locality: Sam ple 1428 (As hgill) taken at Rifugio Nordio, Cam ic Alps, Italy.

Diagn osis . - The oz elements with a strongly convex profile of the base, grac ile elements with
ob lique ly cut bases and angularly bent cusps.

Remarks. - Elemen ts of the spec ies are generally more grac ile than those of C. longiba sis, the
most characteristic feature is the shape of their bases.

Distribution. - Known from the L1anvirn of the Balti c area and Ashgill of the Carnic Alp s.
Irregularly occurring in M6jcza from 0.5 m abov e the discontinuity (E. robustus Subzone) to 1.2 m
above the bentonite (A . tvaerensis Zon e).

Genu s Strachanognathus RH ODES, 1955

Type species: Strachanognathu s parva RHODES, 1955.

Diagn osis. - All elements of the apparatus laterally flattened ver y large denticle on the inner side
of the cusp.

Strachanognathus parvus R HODES, 1955
(PI. 13: 1- 6; Text -fig. 5)

1955. Stra chan ognathus parvus sp. n.; RHODES, p. 132, PI. 8: 1-4.

1962. Stra cha nognathu s pGlTUS RHODES; BERGSTROM, p. 54 , PI. 3: 1-6.
1971. Strachanognathus pa rva RHODES; BEDNARCZYK , PI. 3: 6.

1978. Stracha nog nathus parvus RHODES; LOFGREN, p. 11 2, PI. I : 29.

1979. Strachan ognathus parvus RHODES; KENNEDY et al.. p. 550 , PI. I : 24.

1980. Strachanognathus parvus RHODES; ORCHARD, p. 26, PI. 4 : 34, 35.

1981. Stra chanognathus parvus RHODES; NOWLAN, p. 13, PI. 3: 18, 5: 5.

1984. Strachanognathus parvus RHODES; STOUGE, p. 57, PI. 5: 9.

1991. Stra chanognathus parvus RHODES; MCCRACK EN, p. 52, PI. 2: 36.

Type horizon and locality: Keysley Limestone at Keysley Bank, Westrnoreland, England ,

Diagn osis. - As for the genus.
Rem arks. - Although all eleme nts of the apparatus are of similar appearance, up to six di screte

element types can be distin guished in large samples . They differ in the orient ation of the denticles ,
which are more or less laterally bent , and in the width of their bases. There seems to be only a single
symmetry transition series composed of them, with the symmetrica l element bein g the second in width
the base . It thus seems reasonable to interpret the element with the widest base to be a homologue of
the sp-oz platform series while the twisted element at the opposite end of the morphocline is the ne
element. This is more or less con sistent with the interpretation of the Cornu odus apparatus proposed
here.
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Fig . 5.

Apparatus of Strachanognathus parvus RHODES, 1955 and proposed notation of its elements.

There are some ontogenetic changes in the morphology of the elements. Large specimens show a
thickening at the postero-internal surface of the cusp; in effect the cusp and the denticle are separated
basally by a furrow. Juvenile specimens are completely smooth and very flat.

Distribution. - The species is known to occur from the Volkhovian (LOFGREN 1978) to Ashgill
(SERPAGLI 1967; ORCHARD 1980) without showing any significant evolutionary changes. It thus
belongs to one of the evolutionarily most conservative conodont lineages. In M6jcza it almost
continuously occurs from 0.4 m above the dicontinuity (E. robustus Zone) up to 2.2 m above the
bentonite (A. superbus Zone).

Genus Dapsilodus COOPER, 1976

Type species: Distacodus ohliquicostatus BRANSON et M EHL, 1933 .

Diagnosis. - Apparatus composed of flattened elements, triangular in lateral outline, all being
asymmetric. The ne elements with a rounded incision above the base at the inner side and bearing, in
common with at least two other element type s, the panderodont furrow.

Dap silodus viruensis (FAHRtEUS, 1966)
(PI. 11: 20-23, 27-30; Text-fig. 6a-c)

1966. Acodus viruensis n. sp.; FAHRIEUS, p. 12, PI. 2 : 2a-b, Text-fig. 2A.

1966. Acontiodus sulcatus n. sp.; FAHRlEu s , p . 17, PI. 2 : 6a-b, Text-fig. 2F.

1976. Panderodus (Daps ilodus) mutatus (BRANSON et MEHL); DZIK , Text-fig. 15g-1.

1978. Acodus? mutatus (BRANSON et MEHL); LOFGREN, p. 44 , PI. 2: 9-21 , Text-fig . 23.

1984. Dapsilodus striatus sp . n.; CHEN and ZHANG, p. 134, PI. 1 ~ 17-20 .

1991. Dapsilodus mutatu s (BRANSON et MEHL); STOUGE and BAGNOLl, p. 14, PI. 9 : 19,26-27.

Type horizon and locality : Vikarby limestone (LIanvirn) at Gullhogen quarry, Vastergotl and, Sweden.

Diagnosis. - Elements ornamented with longitudinal striae, usually best developed clo se to the
panderodont furrow, external margins smooth.

Remarks . - Apparatus composition presented by DZ1K (1976) and LOFGREN (197 8). The size of
the elements increases significantly through the M6jcza section from the appearance of the species in
sample MA-124 up to typical populations of sample MA-46 and following . The oldest known speci­
mens are more robust than typical one s, with shorter cusps and oval cros s-section. In this respect they
somewhat resemble Cornu odus elements.
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Distribution. - From 0.8 m below the discontinuity (L. variabilis Zo ne) up to l A m above the
ben ton ite (A. tvacrensis Zone), also in Miedzygorz and Za lesie. Reported occurrences in the Balt ic
area and South China are within thi s time span.

Dap sil odu s mutatus (BRA SON et MEHL, 1933 )
(Pis 11: 24-26, 31-35, 14: 8-9; Text-fig. 6d)

I

1933. Belodu s(?) mutatus n. sp.; BRANSON and MEHL, p. 126, PI. 10: 17.

1964 . Acodu s [Belodu s(?)] mutatus (BRANSON et MEHL): BERGSTROM, Text-fig. 2.

1966 . Acodu s jejatus n. sp.; HAMAR, p. 48, PI. 1: 10-1 I. Text-fig. 3: 4.

1966. Distacodus bygdoyensis n. sp.; HAM AR, p. 57. PI. I : 12-1 3, Text-fig. 3: 1.

1976 . Panderodus (Dapsilodus) mutatus (BRANSON et MEIIL); DZIK , p. 435 , Text-fig. 15g-i .

198 1. Dap silodus't similaris (RHO DES): NOWLAN. p. 13. PI. 5: 1--4.

1984. Dapsilodu s mutatus (BRANSON et MEHL); CHEN and ZIIANG. PI. 1: 13- 16.

198 1. non Paro istodus'l mutatus (BRANSON et MEIIL); MCCRACKEN and BARNES. p. 88, PI. 3: 7-9 (= Paroistodus'l sp.
A NOWLA N et MCCRACKEN: NOWLAN et al. 1988. p. 24. PI. 9: 1-22. )

1992. Dapsilodus mutatus (BRANSON et MEIIL, 1933); BERGSTROM and MASSA, p. 1337, PI. I : 2.

Type horizo n and locality: Thebes Sandstone. Ozora, Missouri (together with the type of A. ordovicic usi.

Diagnosis . - Mature e lements with sharp smooth late ral ridges and ex terna l margins orna me nted
with oblique striae .

Remarks . - Th e apparatus of a c lose ly related Si lurian species was described by COOPER ( 1976) .
Th e type pop ulation of Belodust'Ii mutatus is in need of revi sio n with the applica tion of multielem ent
taxonomy. It is not quite certain whether it is co nspecific with the Euro pean pop ulations tra di tiona lly
attrib uted to the same species . The ho lotype is an ne element, which is d iagnost ic for the ge nus leavin g
no possibi lity for its species or genus to be identified with Paltodus? venustu s as suggested by
MCCRACKEN and BARNES ( 198 1).

The sample MA -93 departs from the others containing elements of Dapsilodu s in that its elements
are much larger and more pro minently ornamented there than in samples below and above. Wh ether
th is population rep resents ano ther species (perhaps D. obliquicos tatusi or just a fluctuation in the
populat ion dynam ics is hard to dec ide wit h so limited data ava ilab le .

Distribution. - The range of occurrence of D . mutatus in the M6jcza section is separated fro m
its possible ancestor, D. viruensis, by a br ief gap . The nature of the relationship bet ween them has
thu s to be recognized in other sec tions. The species occ urs from 1.9 m above the bentonite (A .
tvaerensislsuperbus transit ion zone) up to the top of the sec tio ns in Mojcza, M ied zygorz and Zale sie.

Ge nus Sca bbardella ORCHARD, 1980

Type species : Drepanodu s? altip es HENNI NGSMOEN. 1948.

Diagnosis . - Apparatus co mposed of flattened , smooth elements with an elongated triangul ar
outline of the basal part and showing an almos t continuous variabi lity in shape within sing le symmetry
transit ion se ries; all the e lements bei ng asy mme tric. The ne elements d iffer fro m the rema ining ones
only in their more triangular lateral outline . Th ey bear the panderodont furrow, whic h occurs also in
some other eleme nt types.

Remarks. - The genus is very close to Dapsilodus being different from it only in the more
ge neralize d morph ology of the e lements. One may even quest ion whether it is necessary to separate
these genera .

Scabbardella altip es (HENN INGSMOEN, 1948 )
(PI. 11: 36-39; Tex t-fig . 6e)

1948. Drepan odu s alt ipes n. sp.; HENNI NGSMOEN, p. 420 , PI. 25: 14.

1964. Drepan odu s ? altipes HENNI NGSMOEN; BERGSTROM, Text-fig. 8.

1971. Scandodu s infl exu s HAM AR; BEDNARCZYK. PI. 4: 5.

1976 . Panderodus (Daps ilodus) simi laris (RIIODES): DZIK. p. 435. Text-fig . 15c-d, k-m.
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Fig. 6.
Apparatuses of Dapsilodus and Scabbardella and proposed homology of their e lements. a- c. Dapsilodus viruensis
( FAIIRiEUS, (966), a, b, ear ly forms, a from sample MA- 124, b from MA- 128. c, typica l form from samp le MA-46. d. D.

mutatus ( B RANSON et M EIIL, (933). e. Scabbarde lla altipes ( HENNINGSMO EN. 11)-1 71.
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1980. Scabbardella altipes (HENNINGSMOEN); ORCHARD, p. 25, PI. 5 : 2-5 , 7-8, 12, 14, 18,20,23-24,28,30, 33, 35 .

1983. Scabbardella altipes (HENNINGSMOEN); NOWLAN, p. 668, PI. I : 6-7 , 11-14.

1984. Scabbardella altip es (HENNINGSMOEN ); CHEN an d ZHANG, PI. 2: 29-30.

1992. Scab bardella altipes (HENNINGSMOEN, 194 8); BERGSTROM and MASSA, p. 1339, PI. I : I, 3, 4.

Typ e hori zon and localit y : Fjacka shale iPleurograptus linear is Zo ne) at Kinn ekulle, Sweden .

Diagnosis. - As for the genus.
Distribution. - A dominant spec ies of the Lat e Ord ovici an Ham arodus fauna. In M6jcza it

appears 0.9 m belo w the bentonite (P. anse rinus Zone) and continues to the top of the section in the
Zalesie Formation, similarly in Mied zygo rz and Zal esie.

Order Protopanderodontida SWEET, 1988
Diagnosis. - Apparatuses co mposed of coniform eleme nts with two distin ctl y differentiated sym­

metry transition series, that of relatively robu st eleme nts of the "platform" series and that of gracile
eleme nts including a medi al symme trica l e lement.

Famil y Protopanderodontidae LiNDSTROM, 1970

Diagnosis. - Apparatuse s compose d of co niform eleme nts with relatively sha llo w basal ca viti es
and robu st cu sps usuall y arm ed with rib s on their inner sides .

Genera included . - Semiaco ntiodus MILLER, 1969, Staufferella SWEET, THOMPSON et SATTER­
FIELD, 1975 , Drepan odus PANDER, 1856, Protopanderodu s LINDSTROM, 1971 , Sca ndo dus LINDSTROM,
1955, Ulrichodina FURNISH, 1938, TI eridontus MILLER, 1980 .

Genu s Semiac ontiodus MILLER, 1969

Typ e species: Acontiodus (Semiacontiodus) nogamii M ILLER, 1969 .

Diagnosis . - Appara tus weakly differenti ated , e lements with relativel y shallow basal ca vities . The
symmetric eleme nt robu st , with strong lateral ridg es; asymmetric eleme nts with more or less ov al
cross sec tions of their cu sps, bearing distally oblique rid ges along their inner side .

Remarks . - Staufferella SWEET, THOMPSON et SATTERFIELD, 1975 is a generic name commonly
used for Late Ordovician spec ies of the same group. Its type species differs from older ones in having
incisions at the base of lateral rib s in the tr e lements; if there is reall y a need to separate Early and
Late Ordovician spec ies into di stinct genera I sugges t the use of thi s character as diagnosti c for
Staufferella , spec ies with unmodified rib s being pla ced in Semiacontiodus .

Semiacontiodus cornufo rmis (SERGEEVA, 1963)
(PI. 13: 7-10; Text-fig. 7a)

1963. Scolopodus cornufo rmis sp. n.; SERGEEVA, p. 93, PI. 7 : 1- 3.

1963 . cf. Scandodus polonicus sp . nov.; SPASSOV an d T ELLER, p. 8 1, PI. I: 5 .

1966. Scolopodus cordis n. sp. HAMAR, p. 74, PI. 3: 4- 6, Text-fig. 2 : 5.

1976 . Semiacontiodus cornufo rmis (SERGEEVA); DZIK, Text -fig. 13g-l , PI. 4 1: 4, 7.

1978. Scolopodus cornufo rmis SERGEEVA; LOFGREN, p. 105, PI. 7 : 1- 6 ,1 2, PI. 8: 1- 2, 4-6; Non PI. 7 : 3-4.

1991. "Semiacontiodus" cornufo rmis (SERGEEVA); STOUGE and BAGNOLl, p. 26 , PI. 9 : 14-1 8, 20-25.

Typ e horizon and locality : Kundan (Arenig/Llanv irn boundar y) at Si mo nkovo, right bank of the Volchov Riv er,
Ingri a (SI. Petersburg di stri ct ), northern Ru ssia.

Diagnosis. - The symme trical eleme nt tr bears lateral furrow s, whi ch separate wide lateral ribs
continuously connecting the base with the tip of the cusp. The medial inner rib with a deep medial
furro w at its base.

Remarks. - The main eleme nt types of the appa ratus were identified by DZIK ( 1976); The mo st
characteristic feature of the spec ies is the robustly alate appearance of the tr element, which ha s a
regularly triangul ar contour in medial view. Identific ations of oth er eleme nt types are highly tentative
because of their morphologic simplic ity and the great population variability.
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Fig. 7.
Apparatuses of Semiacontiodus species and proposed homology of their elements. a . S. cornuformis (S ERGEEVA, 1963).

b. S. longicostatus ( DRYGANT, 1974).

Distribution. - Occurs only below the discontinuity surface in M6jcza (the oldest undoubted
specimens found 0.8 m belo w of it) while in the Baltic region it is a long ran ging species . Its upper
range is difficult to determine in the Baltic sec tions because it is very rare above the L1anvirn and the
dia gno stic symmetrica l elements are rarely reported .

Semiacontiodus longicostatus ( D RYGANT, 1974)
(PI. 13: 11 -13; Text-fig . 7b )

1974 . Scandodus longicostatus sp. n.: D RYGANT, p. 57, Fig. 9- 13.

1976. Semiacontiodus longicostatus ( DRY GANT); D ZIK, p. 443 . Text-fig. 13p-q.

1978. cf. Scolopodus bulbosus n. sp.; L b FGREN, p. 107, PI. 7: 7A- B, 8: 3A-B.

Type horizon and locality: Borehole Piszcza-1 6 depth 4 10 m, (Uhakuan, L1andeilo), Volhynia, Ukraine.

Diagnosis. - The symmetrica l tr element with a subsquare cross section at the base of the cusp
and with a wide medial furrow.

Remarks. - The apparatus was identified by D ZIK ( 1976) . From its presumed ancestor, S. cornu­
[armis, the species di ffers in the non- alate appea rence of the tr element and in more prominent
ornamentation at the inner side of the cusp base.
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Distribution. - Occurs in the Holy Cross Mountain s and Volhyni a from the Lasnamagian to
Kukrusean, probabl y present also in older (latest Kundan and Ase rian) bed s in Jamtland , Sw ed en . In
M6jcza it occurs from the di scontinuty surface (E . reclinatu s or E. robustus Subzon e) up to about 2.0
m above the bentonite (A . tvaerensislsup erbus transit ion zone ).

Genu s Drepanodus PANDER , 1856

Type species : Drepanodus arcuatus PAND ER 1856.

Diagnosis. - Apparatu s composed of large, robust (so me times hyaline) e leme nts di stinctly sep­
arated into two symme try transiti on series . Th e first one con sists of two eleme nt types with ga ping
basal cavities and short cusps, the second is a series of up to five e leme nt types with long flatt ened
cusps and with changi ng curvature of the bending at the base of the cusp. The symme trica l elem ent ,
which is the end member of the symmetry transit ion series, has a straight basal margin.

Remarks. - Apparatus reconstru ction proposed by DZIK (1990), supported by the clu ster de­
scribed by MCCRACKEN ( 1989) ; it testifies that the element types identified her e as representing the
" platform" series (sp-oz) reall y occupied a margin al position in the apparatus.

Drepanodus arc uatus PANDER, 1856 late form
(PI. 15: 2-6; Text-fig. 8a- b)

1955 . Drepanodus arcu atus PANDER; LrNDSTROM, p. 558, PI. 2: 30-33, Text-fig. 3J.

1955. Scando dus pipa n. sp.; LrNDSTROM, p. 593, PI. 4: 39--42 (non 38).
1963. Acont iodus recl inarus LrNDSTROM; SPASSOV and TELLER, p. 77, PI. 1: l.

1971. Drepanodu s arc uatus PANDER; LrNDSTROM, p. 4 1, Figs 4, 8.
1971. ?Drepanodus arcuatus PANDER; BEDNARCZYK, PI. 1: 11.

1971. Drepan odus pro teus LrNDSTROM; BEDNARCZYK, PI. 1: 12.
1976 . Drepan odus arc uatus PANDER; DZIK, Text-fig. 17a, c.
1988. Drepan odu s arcuatus PANDER; STOUGE and BAGNOLI , p. lIS , PI. 2: 1- 6.
1988. cf. Drepan odu s p lanus (PANDER); STOUGE and BAGNOLI, p. 11 6, PI. 2: 7- 10.

Type horizon and locality: The species is generally understood in the way proposed by LrNDSTROM (1955). His
concept of the spec ies has been based on specimens from the Arenig of Sweden, I therefore sugges t to consider his most
representative sample 10 from the Upper Planilimbata Limestone at Lanna near Orebro to be the standard for the species.

Diagnosis. - The symmetrical tr element with smooth lateral surfaces, its inner margin sharp, in
juveniles with smooth flanks, but in adults the y may bear angulations. Th e ne elements robust , with
a deep round inci sion above the base. All elements hyaline.

Remarks. - Two main element type s were identified by LINDSTROM (197 1), the apparatus rec on­
struction has been further developed by VAN WAMEL (1974), LOFGREN (1978), and DZIK (1990).
During the evolution of thi s Drepan odus lineage elements become more and more prominently
ornamented along their inner edg es. In the Arenig some rare specimens (usually large ones) bear three
ridges along thi s edge but I was not able to find any with more el aborated ornamentation, which is
typical for later D. robu stu s. Somewhat arbitrarily, I assign to D . arcuatus the se populations transi­
tion al to D . robustus that still did not develop five ridges along the inner edge in adult elements.
"Protopanderodu s n. sp. A" MCCRACKEN, 1989 from the P. serra Zone of Northern Yukon, Canada,
may be a successor of D. arcuatus. Oblique bases make it superficially similar to some species of
Protopanderodus which, however, have quite different "platform" series elements and les s elaborated
apparatuses.

Distribution. - A few specimens of Drepanodus , collected by Dr. Wieslaw BEDNARCZYK from
the limestone bed once exposed in the Buk6wka quarry definitely belong to this species. None of the
two large tr elements pre sent in the sample has any lateral ridges (Text-fig. 8a). However, a specimen
of similar size from the borehole Buk6wka IG 1 (depth 83.5-84 m) shows five di stinct ridges. This
rather exceeds possible population variability and the sample seems thu s to be of different age,
probably closer to the base of the M6jcza Limestone where similar large elements occur. Somewhat
enigmatic is the presence in both Buk6wka samples of a few possible ke elements with a very convex
posterior side and prominent medial rib (Text-fig. 8a). There are too fe w specimens available to state
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Fig . 8.
Apparatuse s of Drepanodus species and proposed homology of their elements. 3. Elements of D. arcuatus PANDER,
1856 found in the limestone intercalation in the Buk6wka quarry (collected by Or. Wie slaw BEDNARCZYK). b . D.

arcuatus PANDER, 1856, late form from the basal parts of the M6jcza Limestone. c. D. robustus HADDING, 1913 .
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with ce rta inty whethe r they belon g to anot he r sympatric spec ies of Drepanodus or perhaps they
represent ne e leme nts of a species of Protopanderodus.

To D. arcuatus I assign also population s from bel ow the di scon tinuity surface in M6jcza, wi th
e leme nts usuall y armed with three sharp ridges. Elsewhere the typ ical D . arcuatus is co nf ined to the
Arenig .

Drepanodu s kielcens is sp. n.
(PI. 16: 1- 7; Text-fig. 9b)

Hol otyp e : ZPAL CVI/642; PI. 16 : 2.

Type horizo n and localit y : Samp le MA-1 28. base of the M6jcza Limestone (ea rly Kundan, latest A renig) at Mojcza.
Hol y Cross Mo unta ins, Pol an d.

Diagnosis . - Th e ex te rna l cr ista of the ne eleme nts stro ng ly inclined posteriorl y above the base ,
forms a wide furrow. Elem ent s of the main sy mme try transiti on series smooth, their cusps rich in
white matt er.

Remarks. - Mature e leme nts of D. kie lce nsis are mu ch sma lle r than tho se in assoc iated species
of the genus . Th ey differ also in a whitish co lora tion and thicker cusps of the ne elements .

Distribution. - In the M6jcza Lim eston e the spec ies occ urs below the discontinuity surface, that
is in the Earl y Kundan L. var iabilis Zone.

Drepanodus robustus HADDI NG, 191 3
(PI. 14: 10-1 4; Text- fig. 8c )

1971 . Drepanodus robustus HADDlNG; LINDSTROM. p. 4 1.

1971 . Drepan odus planus LINDSTROM; BEDNARCZYK. PI. I : 3.

1976 . Drepanodus robustus (HADDING); DZIK. p. 432. Te xt-fi g. 17d- g .

1978 . partim Drepan odu s arcu atus PANDER; LOFGREN. p. 5 1, PI. 2 : I. 3. 5. 7- 8 (o nly) .

Ty pe horizon and local ity: Lower Dicel lograptu s Shale. base of the sec tion E 14a of Fage lsang near Lund, Sk ane,
Sw ede n.

Nomenclatorial note . - LINDSTROM ( 197 1) proposed to apply th is name to cos tate Middle Ordo­
vic ian spec ies of Drepanodus and I have follo wed him ( DZIK 1976) including additio na l eleme nt typ es
in the appara tus . LOFGREN (1978) has cons ide red the holot ype of D . robustus to be a member of
Protopanderodus. However, the ribl ets that it bea rs at the inner side of the base are unknown in any
Baltic spec ies of Protopanderodu s typ ical fo r the spec ies und er consideration. Th is is why I am not
ready to accept thi s translocation of the name to another ge nus .

Diagnosis . - The ne e leme nts robust , wi th almost fl at surfaces along the posterior ex ternal rid ge .
Mature elements prominently co state , the tr element usuall y bears five inner rib s (even in so me
juveniles). All the elements hyaline with rud imentary white matter .

R emarks . - The apparatus of D . robustus is of the same organi zation as that of D. a rCII atus. Th e
only difference consists in the orn am entati on of the inner margin s of mature elem ents. Th ere are
populations transitional between these two species but the evolutio nary relationships between them
are far from being clarified. They probabl y formed a network of all op atri c, independently ev olv ing
lineages that occasionally int erbred unt il a complete separa tion of the lineages at an unknown level
of the Llanvirn , when along with the D. robustus lineage another line , lead ing fro m D. arcuat us to D .
santacru censis sp . n. was establishe d. Ju venile eleme nts of these spec ies are hardl y distinct morpho­
logically. In con sequ ence of a high developmental and population varia b ility it is also not always
possible to separate som e morphologically close e leme nt types within the symme try transition series .

Distrib ution . - Th e species appea rs in the M6jcza limestone at the di scon tinuity surface and
continues as high above as to 1.8 m above the bentonite (A . tvaerensislsup erbu s tran sition zone) . Ra re,
spec ifica lly unidentifiable eleme nts of Drepan odus occur spo radically even higher in the section.

Drepanodus santacrucensis sp . n.
(PI. 16: 8- 13; Text- fig. 9a )

Hol otyp e: ZPAL C VI/640; PI. 16 : 8 .
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Fig. 9.
Apparatuses of new specie s of Drepan odus and proposed homology of their elements. a. D. santacrucensis sp. n , b . D.

kielcensis sp. n.

Type horizon and locality: Sample MA-76, M6jcza Limestone (A. tvaerensis Zone, Early Caradoc) at M6jcza in the
Holy Cross Mountains, Poland.

Diagnosis. - All mature elements with smooth, very flat cusps expanding on both sides into sharp
thin cristae.

Remarks. - The most characteristic fea ture for the species is very flat ne element s, unlike those
of related spec ies . Although the numb er of collec ted specimens is limited and their preservation not
good, as a result of the unusual fragi lity of these thin cristate elements, it seems that the apparatus
structure was closely similar to that of its probable ancesto r D. arcuatus . Their ke and hi elements
are hardly distinguishable.

Distribution. - Rare speci mens of the species occur from 1.3 m below (E . /indstroemi Subzone)
up to 1.9 m above the bentonite (A . tvaerensis/superbus transition zone).
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Genu s Protopanderodus L1 NDSTR OM, 1971

Type species : Acontiodus rectus LINDSTROM , 1955 .

Diagnosis . - Th e base of the ne eleme nts ga pes obliquely to the plane of the wid e sharp-e dged
cusp. Other eleme nts bear three sharp rib s along the inner margin and a variable number of furrows
on their sides . Cu sps with whi te matter.

Remarks. - The genus differ s from Drepanodus in its strong ly asymmetric ne elements, and
generally more regular app earance of robu st eleme nts that are not as strong ly differentiated morpho­
logi cally in the app aratu s. From Cornuodus and Semiacontiodus it differs in the ex terna lly parabolic,
subtriangular cross sec tion of the cu sp.

Protopanderodu s rectus (LINDSTROM, 1955 )
(PI. 13: 27-30; Text-fig. l Oa)

195 5. Acont iodus rectu s n. sp.; LINDSTROMa, p. 549, PI. 2: 7- I I, Text-figs 2k-m, 3b.

196 3. Acont iodus rectus LINDSTROM; SPASSOV and TELLER, p. 78, PI. I : 4.

197 I . Protopanderodus rectus (LINDSTROM) ; LINDSTROM. p. 50.

197 I . Scandodus [o rmosus FAHRAOUS; BEDNARCZYK , PI. 3: I .

1971. Acontiodus rectus LINDSTROM; BEDNARCZYK , PI. 3: 2.
197 I. Aco ntiodus robustus (HADDING); BEDNARCZYK, PI. 3: 3.

1976. partim Protopanderodu s rectus (LiNDSTROM); DZIK, Text-fig. 16c, I (only).

1976. partim Protopanderodus var icos tatus (SWEET et BERGSTROM); DZI K, Text-fig. 16e, g (only).

1978. Protopanderodus rectus (LiNDSTROM); LOFGREN, p. 90, PI. 3: 1- 7, 36A-B, Text-f ig. 31A-C.

1984 . Protopanderodus robus tus (HADDlNG); STOUGE, p. 49 , PI. 2: 3-8 .

1984 . Protopanderodus cooperi (SWEET et BERGSTROM); CHEN and ZHANG, PI. 3: 34-35.

1989. cf. Protopanderodus robustus (HADDlNG); MCCRACKEN, p. 20, PI. I: 1-10, Text- fig. 3E.

1991. Protopanderodus rectus (LINDSTROM); STOUGE and BAGNOLl, p. 23, PI. 8: 1-5.

Type hor izon and locality: Sample 12 from the Upper Planilimbata Limestone (Arenig) of Lanna near Orebro,
Sweden.

Diagnosis. - The ne eleme nts with smoothly convex po stero-internal surface of the cu sp .
Remarks. - Th e apparatu s of the species was partially recon structed by LINDSTROM ( 197 1).

LOFGR EN ( 1978) indicated preci se di stin ctions from related spec ies of the genu s. Th ere are only four
di screte eleme nt types in its apparatus. P. rec tus differs from its cl osest relati ve P. graeai in the lack
of postero-intern al rid ge in the ne element and sinuous profile of bases of all elements and from P.
gradatus in the lack of posterior furrow in the ne elem ent and additional furrows in other element
types.

Distribution. - Very common in the Ordovician of the Baltic area and the Holy Cross Mountains
where it occurs in the Buk6wka Sandstone and in the M6jcza Limestone from its base up to 0.7 m
abo ve the bentonite (top of P. anse rinus Zon e). Occasionally it cooccurs sympatrica lly with two oth er
species of the ge nus.

Protopanderodu s graea i (HAMA R, 1966)
(PI. 13: 14-22 ; Text-fig. 10b-c)

1966 . Aco dus graeai n. sp.; HAMAR, p. 47, PI. 3: 11 -14, Text-fig. 3: 5.

1976. partim Protopanderodus rectus (LINDSTROM); DZIK , Text-fig. 16a, i (only).

1978. Protopanderodus graeai (HAMA R); LOFGREN, p. 93, PI. 3: 19-25, Text-fig. 31, K-M.

1991. Protopanderodus sp.; STOUGE and BAGNOLl, p. 24, PI. 8: 6-8.

Type horizon and locality: Sampl e 187 from a 20 cm thick limestone bed within the uppermost 10 m of the Ampyx
Limestone at Redelekken, Bygdoy peninsula, Oslo, Norway.

Diagnosis. - The ne elements with postero-internal surfac e split by a sharp medial ridge into two
concave area s.

Remarks. - Mature element s of the spec ies are much smaller than tho se of cooccur ring species
of the genu s and have much less sinuous bases. In some samples , the MA-46 bein g the mo st
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Fig. 10.
Apparatuses of Protopanderodus species and proposed homology of their elements. a . P. rectus (L INDSTROM, 1955).

b-c. P. greaei (HA MAR, 1966), b from sample MA-128, c from sample MA-46.

conodont-rich of them , there is a co mplete gradu al transition bet ween elements of shapes typic al for
P. rectus and P. graeai. All these specimens have similar size (that of P. graea i). Above that in the
section the typical popul ations of P. graeai reappear. It is uncl ear wheth er thi s was an influx of a
distinct species (perhaps P. rob ustus sensu L OFGREN 1978), temporal interbreeding betw een P. graeai
and P. rectus or ju st an irregul arit y in the co urse of the evolution .

Distributio n. -In M6jcza it occ urs fro m 0.7 m below the discontinuity (L. variabilis Zone) and
is quit e commo n up to 0.5 m above the bentonite. Rare spec imens have been found as high as 1.2 m
above the bent onit e (A . tvaerensis Zo ne). Occurrences elsewhere are within this time span.

Protopanderodu s gradatus S ERPAGLI, 1974
(PI. 13: 23-26; Text-fig. Il a)

1974. Protopanderodus gradatus n. sp.; S ERPAGLI, PI. 15: 5a-8b, Pis 26: 11- 15; 30: I , Text-fig. 17.

1976. partim Protopanderodus rectus (LiNDSTROM); D ZIK, Text-fig. 16b, d (only).

1978. Protopanderodus cf. varicostatu s (S WEET et B ERGSTRc'h l) ; L OFGREN, p. 9 1, PI. 3: 26-29, 30-3 1.

1984. Protopanderodus cf. liripipus K ENNEDY, B ARNES et UH ;\IO; S TOUGE, p. 49, PI. 2: 9- 14, 17.
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1984. Protopanderodus cc. varicostatu s (SWEET er BERGSTROM). STOUGE. p. 51. PI. 3: 11-17.

1988 . Protopanderodus gradatus SERPAGLI ; STOUGE and BAGNOLl . p. 136. PI. 14: 9-12.

1991. Protopanderodus cf. P. varicostatu s (SWEET er BERGSTROM); STOUGE and BAGNOLl. p. 23. PI. 8: 9-12.
Type horizon and locality : Sample 1710 taken from about 80 m below the top of the San Juan Limes tone (Prioniodus

navis Zone, Arenig) near San Juan, Argentina.

Diagnosis. - The ne elements have a shallow furrow on the pos te rior surface along the ex terna l
margin. In other eleme nts deep furrows split the flanks into rounded ribs.

Remarks. - The type population of the species is the o ldes t one known (ea rly Volkhovian) and
it see ms to have primitive morph ologic features that are mainl y expre ssed in less sinuous bases of the
elements than in younge r (early Kundan) populations. Otherwise all the eleme nt types in the Argentina
population seem to be virtually identi cal with those in the Baltic and Pol ish ones. The slide with
spec imens of the species from the most producti ve M6jcza sample MA-128 was misplaced in the
collection after counting and I am unable to trace it.

Distribution. - Occur s somewhat irregularly in the M6jcza lime ston e from 0.7 m below the
discontinuity surface (L. variabilis Zone) up to 1.2 m below the bentonite (E. lindstroemi Subzone).
In Argentina and Newfoundland known from slightly olde r strata of Volkhovian age .

Protopanderodus varicos tatus (SWEET et B ERGSTROM, 1962)
(PI. 14: 1-5; Text-fig. lib)

1962. Scolop odus varicostatu s n. sp.; SWEET and BERGSTROM, p. 1247, PI. 168: 4-9, Text-fig. I: A, C, K.
1976. partim Protopanderodus varicostatus (BERGSTROM); DZIK, Text-fig. 16f (only).

1983. Protopanderodus varicostatus (SWEET er BERGSTROM); BURRETT er al ., p. 184, Text-fig. 9C- D.

1984 . Protopanderodus varicostatus (SWEET er BERGSTROM); CHEN and ZHANG, PI. 3: 36--38.

1985. Protopanderodus varicostatus (SWEET er BERGSTROM); BERGSTROMand ORCHARD, PI. 2.3: 5.
Type horizon and locality: Limestone bed of the Pratt Ferry Formation (P. anserinus Zone, L1andeilo) 0.2 mile SW

of Pratt Ferry. Alabama.

Diagnosis. - The ne eleme nts have a wide shallow furrow in the middle of the posterior side of
the cusp. All mature elemen ts with a widened base, thei r ex ternal margin s are somew hat alate.

Remarks. - The spec ies differs from its probable ances tor, P. gradatus, in the widening of the
element bases, which are, however, not transformed into processes as in younger P. liripipus. Mor­
phology of eleme nts is very variable.

Distribution. - Rare in the middl e part of the M6jcza Limestone from 1.0 m below to ju st below
the bentonite (P. anserinu s Zone). Wid espread in the Llandeil o of the North Atlantic realm
(MCC RACKEN 1989)

Protopanderodus lirip ipus K ENNEDY, B ARNES et U YENO, 1979
(PI. 14: 6--7; Text-fig. li e)

1976. Protopanderodus inscu lptus (BRANSON er MEHL); DZIK, p. 443 , Text-fig. 16h. k.
1979. Protopanderodus lirip ipus sp. n.; KENNEDY er al., p. 547, PI. 1: 9-19.

1979. Protopanderodus liripipus KENNEDY er al.; ANer al., PI. 1: 16--17.
1979. Protopanderodus liripipus (KENNEDY er al .).; HARRIS er al., PI. 5: 4.

1983. Protopanderodus liripipus KENNEDY er al .; BURRETT er al., p. 184, Text-fig . 9A- B.

1983. Protopanderodus cf. P. lirip ipus KENNEDY er al.; OWLAN, p. 667, PI. 3: 12. 15.

1984. Protopanderodus liripipus KE NEDY er al .; WANG and Luo, PI. 8: 6--10.

1984. Protopanderodus liripipus KENNEDYer al.; CHEN and ZHANG, PI. 2: 22-24.

1985 . Protopanderodus liripipus KENNEDY er al.; BERGSTROM and ORCHARD, PI. 2.3: 4.

Type horizon and locality: Metabasa lt unit of the Tetagouche Group (Prioniodus alobatus Zone, Caradoc ) at Came l
Back Mountain, New Brunswick. Canada.

Diagnosis. - Bases of the elements elonga ted into intern al and external flat processes of parabolic
shape .
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Fig 11.
Appar atuses of Protopanderodus spec ies and proposed homology of their ele ments. a. P. gradatus SERPAGLI, 1974 late

form. b . P. varicostatus (SWEET et B ERGSTROM. 1962). c. P. liripipus K ENNEDY, B ARNES et UYENO, 1979.

Remarks.- The species differs from its ances to r P. varicostatus in a furth er developm ent of wings
at the element bases and fro m its successor P. insculptus in the lack of a dent icle on the inner of these
wings . Ju venil e speci me ns do not show diagnostic feat ures of the spec ies, be ing similar to P. gradatus
in their general shape exce pt fo r a very deep cavi ty within a funne l-shaped base. The wings develop
gra dually during grow th of the element. Also the shape of the cusp changes somewhat, in mature
speci mens being almos t stra ight, which gives specimens the cha rac teristic triangul ar appearance .
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The po pulat ion descr ibed by NOWLAN ( 198 1) is less adva nce d in the deve lopme nt of ex terna l
processes while the spec ime ns illus trated by HARRIS et al. ( 1979) see m to be more advance d in the
same respect , bein g on the way to P. insculptus.

Distribution. - Accord ing to MCCRACKEN ( 1989) the spec ies ranges from the P. gerdae Subzone
of the A . tvaerensis Zone to the A. ordovicicu s Zone. In M6jcza it occ urs in the marl y limestone of
the Za1esie Form ati on (A . ordovicicus Zo ne), being commo n also in coeval strata in Mied zygorz and
Zal esie.

Fam ily Distacodontidae BASSLER, 1925

Diagnosis. - Apparatuses with ge nic ulate ne eleme nts and all remai ning eleme nts laterall y com ­
pressed , with sharp edges of the cusp.

Remarks . - The most primitive co nodo nts with ge niculate ne eleme nts are cl assified in the
fami ly. Som e forms with ge niculate e leme nts are included here into the Strachanognathidae on the
basis of ove ra ll similarity of eleme nts to more typi cal members of the family (name ly Besselodu s ,
which is closely similar to Dapsilodusi but it is not clear whethe r these features reall y resulted from
a co nve rgen t evo lution.

Ge nus Paltodus PANDER, 1856

Type species: Paltodus subaequa lis PANDER, 1856 (?= P. inconstans LrNDSTROM, 1955).

Remarks . - The holotype of the type species has been lost and its illu stration is spec ifica lly
und eterminabl e. Somewhat arbitrarily LINDSTROM ( 197 1) suggested that it ma y be a sen ior synonym
of his P. inconstans. It see ms reasonab le to follow his cho ice and to cons ide r the type population of
the latter species to be the refe rence standard for the genus. Its apparatus is cl osel y similar to that of
Drepanoistodus (see BAGNOLI et al. 1988) and, actua lly, separa tion of the se gene ra seems now rath er
doubtful. Affinities of the Middle Ordovician species tent at ively classified here in Palt odus rem ain
uncertain , altho ugh some forms tran siti on al in age and morphology (see LOFGREN 1978: p. 64) may
support such attribution.

Palt odus'l semisymmetricus (HAMAR, 1966)
(PI. 16 : 14-1 5 ; Text- fig. 12d )

1966 . Acontiodus semisymmetricus n. sp.; HAMAR, p. 51, PI. 7: 5-6, Text-fig. 3: 6.
1976 . Paltodus(?) semisymmetricus (HAMAR); DZIK, p. 435 , Text-fig. 18b-f.

Type horizon and locality; Sample 157 from the top of the Upper Chasmops Limesto ne (Late Caradoc) at Nakhol­
men, Oslo district, Norway.

Remarks . - The apparatu s co mpos ition was prop osed by DZIK ( 1976) but the spec ies remains
onl y superficially known . Except that the appa ratus is compose d of an oi stodontiform element with
long cusp and that e leme nts of the symme try tran sistion series with two sha rp ridges at their sides
have characteristica lly intern ally expa nding bases, littl e can be said about it. Th e morphology of
elem ents of the spec ies is closely similar to that of Besselodus arcticus ALDRIDGE, 1982 and it is a
matter of dispute whether this is an effec t of a secondary development of geniculation of the ne
eleme nts in the Dapsilodu s lineage or a devel opment of peculi ar oblique striation in elem ents of the
symme try tran sit ion se ries of Paltodus, making them iden tical with respecti ve eleme nts of Dapsilodu s.
I am rath er incl ined to the firs t interpretati on .

Distribution. - Rare in the M6jcza Limestone fro m 0.4 above up to 1.4 m above the discontinuity
(E . robustus - E. lindstroemi Subzon es) and in coeval strata of the Balt ic region .

Paltodu s't venustus (STAUFFER, 1935)
(Tex t-fig . 12c)

1935. Oistodus venustu s n. sp.; STA UFFER, p. 146, PI. 12: 12.
1963. Oistodus venustus STAUFFER; SPASSOV and TELLER, p. 79, PI. 1: 10.

1971 . Oistod us f orceps LINDSTROM; BEDNARCZYK, PI. 1: 1.
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Fig . 12.

Apparatuses of the Distacod ont idae and pro posed homology of their e lements . a. Drepanoistodus basiovalis (SERGEEVA,
1963). b. D. suberectus (BRANSON et MEHL, 1933) early fo rm . c. Paltodus? venustus (STAUFFER, 1935); sy mme trical

e lement not found in M6jcza. d . P.? semisymm etricus (HAMAR, 1966).

1978. Drepanoistodus'l venustus (STAUFFER); LbFGREN, p. 57 , PI. I : 9- 10.

1988. Paroistodus'l sp. A NOWLAN et MCCRACKEN; NOWLAN et al., p. 24 , PI. 9 : 1- 22.

Type horizon and locality: G lenwood Fo rma tio n.

Diagnosis. - The ne elemen ts with cusps of almost the same length as the base, tr element with
sharp flat ribs along the externa l margin.

Remarks. - Like in all other known occurrences of the oistodontiform elements of this species
there are no other elements in the M6jcza Limestone that could be eas ily matched with them on the
basis of common occurence with expected frequency (that is dominating in numbers over the ne
elements) . However, in two samples, MA-70 and MA-87, singular minut e elements have been found
that are identical with those proposed by NOWLAN et al. (1988) to belong to its apparatus. This
reconstruction seems more probable than the alternative one that the rest of the apparatus of the species
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is identica l with Drepanoistodu s. The unu suall y high abunda nce of ne eleme nts may result from their
small size and special hyd rod ynam ic properti es.

As there is no inver sion of the basal cavity in eleme nts of P.? venustus, the spec ies cann ot be
included in the ge nus Paroistodus, as provisionall y chosen by NOWLAN et al. ( 1988) . The strong ribs
arming elem ent flank s and short lateral keels in sym met rica l e leme nts are highl y primitive traits in
the Distacod ontidae. Thi s is suggestive of a relationsh ip with Early Ordovician Palt odus species .

Distribution. - In M6jcza the spec ies occurs from the level immediate ly below the bentonite (P.
anse rinus Zone) up to the top of the sec tion. It may possib ly occ ur also belo w the di scontinuity but
there the ne eleme nts of this morpholog y are difficult to separa te from assoc iated Dre panoistodus
species. In the North American Mid continent the spec ies is common in the Late Ordovician whi le in
the North Atlantic realm it see ms to range fro m Arenig to Ashg ill.

Genus Dre panoistodu s LiNDSTROM, 1971

Type specie s: Oistodus forceps LINDSTROM, 1955.

Diagnosis. - Th e tr e leme nt with an erect cusp; a ll the e leme nts in the appara tus with smooth or
wea kly ribbed flank s .

Remarks. - The genus differ s from its closest relat ive Paroistodus in the charac teristic shape of
the tr e leme nt and in lack of inver sion of the basal cavity in all eleme nts.

Drepanoistodus basiovalis (SERGEEVA, 1963)
(PI. 16: 16-20 ; Tex t-fig. 12a)

1963. Oistodus basiovalis sp. nov.; SERGEEVA, p. 96, PI. 7: 6-7.

1971 . Oistodu s basiova lis SERG EEVA ; BEDNARCZYK , PI. I : 2.

1978 . Drepanoistodus basiova lis (SERGEEVA); LOFGREN, p. 55, PI. I: 11- 17, Text-fig. 26B-C.

1984. Drepanoistodus f orceps (LINDSTROM)?; DZIK, p. 337, PI. 3: 1--4.

Type hor izon and locality: Late Volkhovian (Late Arenig) at Simo nkovo , right bank of the Volkhov river, Ingria (SI.
Petersburg district), northern Russia.

Diagnosis . - The sp eleme nts with an ang ulation at the anterior flank separating an ex ternal
triangular area, which slightly deviates backward fro m the plane of the eleme nt, the pi elements with
a sinuous profile of the base, the ne eleme nts with thei r cusps significantly lon ger than the base.

Remarks. - The spec ies differs fro m the older D. forceps in havin g a gene rally longer cusp of
the ne eleme nt (see DZIK 1984 fo r a biometric eva luation) , and fro m the succeedi ng D. suberectus in
a less simplified morphology of the sp and pi e leme nts . Elem ents of Drepanoistodus are ex treme ly
variable within samples but there see m to be five discrete types of ele ments with possibly a sixth one
morpholo gically intermediate between these interpreted here as pi and hi.

Distribution. - Abundant belo w the discont inuity surface (L. var iabills Zone).

Drepanoistodus suberectus- (BRANSON et MEHL, 1933)
(PI. 17: 2-6; Text-fig. 12b )

1933. Oistodus suberectus n. sp.; BRANSON and MEHL, p. Ill , PI. 9: 7.

1966. Drepan odus suberectus (BRANSON et MEHL); BERGSTROM and SWEET, p. 330, PI. 35: 22-27.

1971 . Drepan odus hom ocurvatu s LINDSTROM; BEDNARCZYK, PI. 3: 9.

1988. Drepanois todus suberectus (BRANSON et MEHL); NOWLAN et al ., p. 16, PI. 3: 19-22.

Type horizon and locality: Plattin (Late Caradoc), Salt River, Missouri.

Diagnosis. - Th e sp eleme nts with a weakly se parated ex terna l area, pi eleme nts fla t with a
some what elongated ex terna l tip of the base and a co ncave posterior side.

Remarks. - Th e app aratu s co mposi tion was recogn ized by BERGSTROM and SWEET ( 1966) . Dis­
tinctions betw een the spec ies and its predecessor, D. basiovali s, are somewhat problematic and
additiona l biometri c studies are necessary to clarify the issue. It remai ns far from clear wheth er the
Late Ordovician populati ons from the North Am er ican Mid continent are co nspeci fic with the European
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ones . Somewhat arbitra rily I ass ign to the spec ies late popul ations of Drepanoistodus in the M6jcza
sec tion, star ting from the discontinuity surface .

Distribution . - Abundant in the L1 anvirn and L1and eil o but spa rse in the Caradoc of the Holy
Cross Mo untains

Order Prioniodontida D ZIK, 1976
Diagnosis. - Apparatuses composed of ramiform eleme nts. Elem ents of the platform series (sp­

oz), as well as the tr and ke eleme nts, tend to develop three processes, the pi eleme nts with fo ur
processes.

Superfamily Prioniodontacea BASSLER, 1925

Diagnosis. - All four processes of the pi (tetrapr ion iodo ntiform) eleme nts we ll developed , ele­
ments of the symme try transiti on series with long , usually dentic ulated processes.

Fami ly Acodontidae fam. n.

Diagnosis. - Elem ent s of the apparatus with blade-l ike, adentic ulated processes.
Remarks. - Morpho logically sim ilar eleme nts occ ur also in the ozarkodi nid family Oistodonti­

dae. Neverthe less, the sp-oz locat ion s in the oistodo ntids are occ upied by biramo us elements while
the pi elements are tri ramou s (ins tea d of tetraram ous in the new prion iod ontid family Acodo ntidae),
at the best a fo urth rud imentary crest develop s.

Genera included . - Acodus PANDER, 18 5 6 , Tripodus BRADSHAW, 19 6 9 , Eoneop rioniodus
MOUND, 1965 .

Genu s Tripodus BRADSHAW, 1969

Type specie s: Tripodus laevis BRADSHAW, 1969.

Tripod us? sp. inde t.
(PI. 24: 26-27)

Remarks. - A few albid, minute eleme nts from the sample MA-128 may represent this genus .
Thi s is far from being certai n, however, as no tet raram ous element is present in the collec tio n. Similar
albid elements are known also among pr imitive Ozarkodinina (see D ZIK 1983, Fig. 5).

Distribution. - Onl y in a single sample 0 .5 m below the di scont inuity surface (L . variabilis
Zo ne) .

Genu s Eoneoprioniodus MOUND, 1965

Type species: Eoneoprioniodus cryptodens MOUND, 1965.

Diagnosis . - Elemen ts of the apparatus with lon g, gent ly curved cusps and more or less alate
processes, hyal ine, generally of large mature size .

Eoneoprioniodus alatus (DZIK, 1976)
(PI. 17: I)

1976. Triangulodus(?) alatus sp. n.; D ZIK, p. 422 , Text-fig . 20f-k, PI. 41 : 2-5 .

1987. Triangulodu s alatus D ZIK; BAUER, p. 3 1, PI. 5: 3-4, 6, 9- 10.

Type horizon and locality: Erratic boulder of Baltic origi n E- 149 (E. reclinatus Zone, Lasnamagian, Late Llanvim )
from Miedzyzdroje , Poland.

Remarks. - Only a sing le specimen, pro bably represe nting an oz eleme nt has been found in the
sample MA-42. It closely resem bles E. alatus occurr ing wide ly in coeval and yo unger stra ta of the
Baltic region and North American Midcontinent (see D ZIK 1983; BAUER 1987). Wit h no other eleme nt
found any interpretation must rema in ten tative, however.
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Distribution. - On ly in the bed im mediate ly ab ov e the d iscontinui ty. T he spec ime n may be
reworked fro m slig ht ly o lde r strata.

Family Balognathidae HASS. 1959

Diagnosis. - The sp eleme nts are morphologi cally clearl y di stinct from the oz ele me nts. w ith at
least a te ndency to de velop plat form and a ramified ant eri or process.

Genera included . - Baltoniodus LINDSTROM, 197 1, Lenodus SERGEEVA, 1963, Amorphognathus
BRANSON et M EH L, 1933, Rhodesognathus BERGSTROM et SWEET, 1966, Eoplacognathus HAMAR,
1966, Cahabagnathus BERGSTROM, 1983, Polyplacognathus STAUFFER, 1935 , Sag ittodontina KNOP­
FER, 1967.

Genus Baltoniodus LINDSTROM , 1971

Type species: Prion iodus navis LINDSTROM, 1955.

Diagnosis . - The s p e leme nts with a weakly denticulated or adenticu lated ante rio r process , ne
e lements with weakl y dent iculated ex te rnal process.

Remarks . - The rel ati on ship bet ween Baltoniodus and Prioniodus st ill req uires cl ari ficat ion. It
is ge nerally beli e ved that these ge ne ra, charac terized by dent iculated e leme nts , deri ved inde pe nde ntly
fro m ade nticulate spec ies o f Aco dus (VAN W AMEL, 1974), whic h has been co nvi nc ing ly documented
in the case of Prioniodus (STOUGE and BAGNOLl 1988) but the suppos ed tran sit ion to Baltoniodus has
no t ye t been de scribed in de tai l. Another possibili ty still remains; that the Bal toniodus line age appeared
in the Baltic region as an effec t o f m igrat ion from an unknown area after the tra nsi tion fro m early
Prioniodus to Baltoniodus had taken place . This is suggested by a rather com plex mi g ration patt ern
in the early evolution of Prioniodus as shown by STOUGE and BAGNOLl ( 1988) . Generall y the Balto­
niodus lineage was co ld- water and its ran ge seems to be wide r in the " Me diterranean" than North
Atlantic realm (DZIK 1984 ).

La te species of Baltoniodus can have a lobate platform, which makes them sim ilar to the ba log­
na thid s bu t the ir anterior process is never ramified .

Baltoniodus parvidentatus (SERGEEVA, 1963)
(PI. 18: 8- 14; Tex t-figs 13, 14a)

1963. Falod us parvidentatus n. sp.; SERGEEVA, p. 103, PI. 8: 4-7.
196 3. Prioniodus a/atus HADDING; SPASSOV and TELLER, p. 80, PI. I: 3.

196 3. Falodus sp.; SPASSOV and TELLER , p. 78, PI. I: 8-9.
1963. Prion iodus sp. n. I LINDSTROM; SPASSOV and TELLER, p. 81, PI. I: 11 .
1963. Oepik odus smi thens is LINDSTROM; SPASSOV and TELLER, p. 78, PI. I: IS.
1963. Prioniodu s navis LINDSTROM; SPASSOV and TELLER, p. 80, PI. I: 16- 17.
1963. Tetraprioniodu s supe rbus (RHODES); SPASSOV and TELLER, p. 82, PI. I: 18.

1963. Trap ezognathus lindstroemi sp. n.; SPASSOV and TELLER, p. 82, PI. I: 19.
196 3. Tetrap rioniodus sp. LINDSTROM; SPASSOV and TELLER, p. 82, PI. I: 20-2 1.

197 1. Gothodus cf. costulatus LINDSTROM; BEDNARCZYK, PI. 2: 3.
1971 . Oistodus brevibasis SERGEEVA; BEDNARCZYK, PI. 2: 4.
1976 . Prion iodus alatus parvidentatus (SERGEEVA) ; OZIK, p. 437, Text-fig. 22k-r.

1978. Prioniodus (Baltoniodus) pra evariabilis norr/andi cus n. ssp.; LOFGREN, p. 84, Pis 10: 3A-E; 12: 17- 26; 14: 2A-B.

1991. Balton iodu s norrlandicus LOFGREN; STOUGE and BAGNOLl, p. 11 , PI. I: 11 - 20.
1991. Baltoniodus clavatus n. sp; STOUGE and BAGNOLl, p. 12, Pis 2: 1-12; 3: 1-2 .

1991. Balton iodu s medius (OZIK): RASM USS EN, p. 274, Text-fig. 50-H, J-K.
Type horizon and locality: Kundan (Arenig/L1anvim boundary) at Simonkovo, right bank of the Volkhov river, lngr ia

(St. Petersburg district), northern Russia,
Nomenclatorial note: The species is widespread in the early Kundan of the Baltic region but none of the avai lable

species names is based on morphologically diagnostic elements. Among the names attached to holotypes presumably
belonging to populations of the species, the first proposed are those of SERGEEVA (1963): Falodu s pa rvidentatus and
Tetraprioni odu s minax , I chose (OZIK 1976) the first name for the apparatus because its holotype is an ne element. Its
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Fig. 13.
Change s in freq uency distrib ution in classes of length of the anterio r process in h i-ke eleme nts of Baltoniodus

parvidentatus (SERG EEVA, 1963) in the M6jcza Limestone.

morphology allow s us to dist ingu ish the spec ies from the preceding B. navis, while I am not able to detect any clear
difference in the pi e leme nt. Lb FGREN's Prioniodus norrlandicus a lso has a pi eleme nt as its holotype . Unfo rtunately
SERGEEVA (1963) did not indic ate the exact posit ion of her samples, which mak es this identi fication somewhat uncert ain
and in need of testin g by add itiona l sampling in the type sec tion.

Diag nosis. - The anterior process of the ke elements usuall y long but undenticulated.

Rem a r ks. - There is a profound ontogenetic transformation in the shape of the sp elements in
the species, much more apparent than in other spec ies of the genus. Juvenil e elements are characterized
by a much shorter inner process than in mature ones (which is actually a recapitulation of phylogeny
in ontogeny) and by a weakly developed posterior expans ion of the basal cavit y. Also the length of
the anterior proce ss is ex tremely variable character in the ke element (Text-fig. 13). Thi s was a subject
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of highly directi onal evo lution result ing in a gra dual disappearance of the di stinction between the ke
and hi elem ent s. Becau se of the popul ati on variability it seems inpractical to recognize more chro­
nospeci es in the lineage, and to sp lit thi s parti cul ar seg me nt into two unit s as proposed by STOUGE
and BAGNOLI (199 1; ac tua lly, they applied the verti cal concept of chronos pecies).

Distribution. - A few specime ns of Baltoni odus found by Dr. Wie slaw BEDNARCZYK in the
lim estone exposed in the Buk6wk a quarry see m to belong to an early form of B. navis. Although the
mo st dia gnostic ke eleme nts are not present in his collection, this is strongly sugges ted by the
appea rance of the tr element. Its successor, B. parvidentatus, seems to occur in the limestone inter­
calations in the Buk6wka Sand stone recovered by the Buk6wka IG I borehole, as suggested by long
processes in the sp eleme nts , and remains abundant up to the di scontinuity surface in the M6jcza
Lim estone.

Baltoniodus mediu s (DZIK, 1976 )

1976. Prioniodus alatus medius ssp. n.: OZIK, p. 423, PI. 42: I, Text-fig. 23a-1.

1978. Prioniodus (Baltoniodus) prevariabilis medius OZIK; LOFGREN, p. 86, Pis 12: 27-36; 13: IA-B, 3, 6A-O.
1984. non Baltoniodus? prevariabilis medius (OZIK); STO UGE, p. 77, PI. 15: 1- 6.

1991. Baltoniodus n. sp . A; STOUGE and BAGNOLl, p. 13. PI. 2: 13-2 1.

1991. non Baltoniodus medius (DZIK): RASM USSEN. p. 274, Fig. 50-H. J-K.
Holotype: ZPAL CYI/ 139; DZIK 1976. Text-fig. 23f.

Type horizon and locality: Erratic boulder E-079 of a glauconitic limestone tEoplacog nathus pseudoplanu s Sub zone,
latest Kund an, early L1an virn) of Baltic origin, Mochty near Zakroczy rn, Poland.

Diagnosis . - Th e ke eleme nts with the ant erior pro cess short but sharply pointed.
Remarks. - Th e type population of the spec ies is Lat e Kundan in age but originally also Aserian

populations were included , with the diagn ostic pointing of the anter ior process in the ke elements less
apparent. RASMUSSEN (1991 ) prop osed to res trict the range of B. medius to the Kundan but his
identi fication of the spec ies in the Early Kundan is based on misidentification of ke elements in his
samples . The illu str ated specime n (RASMUSSSEN 1991: Fig. 5G) is actuall y a hi element of B. par­
videntatus.

Distribution. - Being wides pread in the Late Kundan and Aserian of the Baltic region thi s species
occ urs in the M6jcz a Lim estone only as rare reworked large specime ns in the layer immediately above
the di scontinuity surface.

Baltoniodu s pre variabilis (FAHRiEUS, 1966 )
(PI. 18 : 17-22; Text-fig. 14b)

1966. Prioniodus pre variabilis n. sp.; FAHRJEUS, p. 29. PI. 4: 5a-b.
1971. Prioniodus prevariabilis FAHRJEUS; BERGSTROM; P. 146, PI. 2: 1.

1971. Prioniodus alatus HADDING; BEDNARCZYK, PI. 2: 7.

1971. Prioniodus prevariab ilis FAHRJEUS; BEDNARCZYK. PI 3: 8.
1971. Paracordylodus lindstroemi BERGSTROM; BEDNARCZYK. PI. 3: 7.

1971. Prioni odus navis LINDSTROM; BEDNARCZYK, PI. 3: 11.

1976 . Prioniodus a/atus alatus HADDlNG; OZIK. p. 436 , Text-fig. 24a-g.

1978. Prioniodus (Baltoniodus) prevariabilis prevariabilis FAHR JEUS; LOFGREN, p. 87, PI. 12: 37--43.

Type horizon and locality: Yikarby or Skovde Limestone (not indicated precisely) (Llanvirn) at Gullh ogen quarry,
Skovde, Vastergotland , Sweden.

Diagnosis. - Th e ke and hi eleme nts almost indi stingui shable from each other, both having
rudimentary anterior process, sp e leme nts with a thin -walled triangular expansion at the base of the
inner process.

Remarks. - The spec ies was reinterpret ed as multielement by BERGSTROM (1971 ) and illustra­
tion s of all elements were given by DZIK ( 1976) and LOFGREN (1978). Juvenile sp elements of thi s
spec ies have cons iderably longer pro cesses than those of B. parv identatus. The shape of the expansion
of the base is highly vari abl e within populations. The ke and hi elements, although closely similar in
outline, can be distingui shed ow ing to a different profile of the rudiment of the anterior process. In
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Fig. 14.
Appa ratuses of Baltoniodus species and proposed homology of their elements. a. B. parvidentatu s (SE RGEEVA, 1963 1.

b. B. pre variabilis (FAHR IEUS, 1966). c. B. variabilis ( BERGSTROM, 1962). d. B. alobatus (BE RGSTROM, 1971 ).
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the ke elements the rudim ent of the anterior process is unified with the inner margin of the external
process and its surface is somewhat angul ar. In the hi elements the process is more or less parabolic
in outline and located in between the remainin g processes.

Distribution. - In M6jcza the species occurs from the discontinuity surface up to 0.2 m above
the bentonite; elsewh ere in the Late Llanvirn and Lland eilo .

Baltoniodus variahilis (BERGSTROM, 1962)
(PI. 19: 1-9; Text-figs 14c, IS)

1962. Prioniodus variab ilis sp. n.; BERGSTROM , p. 5 1, PI. 2: 1-7.

1971. Prioniodus variabilis BERGSTROM; BERGSTROM, p. 147, PI. 2: 2.

197 1. Keislognathus graci lis RHODES; BEDNARCZYK, PI. 4: 1.

1976 . Prioniodus variabilis BERGSTROM; DZIK, Text-fig. 24h- 1.

1981. Prioniodus variabilis BERGSTROM; NOWLAN, p. 12, PI. 4 : Io-!2, 14-1 7.

1984. Baltoniodus variabilis (BERGSTROM); CHEN and ZHANG, PI. 2: 8-15.

1985. Baltoniodus variabilis (BERGSTROM); BERGSTROM et al. , PI. 23: 2.

1985. Baltoniodus variabi lis (BERGSTROM); BERGSTROM and ORCHARD, PI. 2.3 : 2.

Type hori zon and locality: Not spec ified precisely, a bould er of the Ludibundus limestone (Early Caradoc) from the
Tvaren area , Sweden .

Diagnosis. - The sp element s with a triangular platform developed along the posterior margin of
the inner proc ess (at least in adult spec imens).

Remarks . - An appa ratu s reinterpretation of the species was given by B ERGSTROM ( 197 1), all its
elements were also illustrated by D ZIK ( 1976). The shape of the platform in the sp elements of this
species is subject to great population variability, which practically precludes its taxonomic identifica­
tion unle ss adult robu st specimens are preserved in a sample. Juveniles do not have any platform;
they exhibit a more or less low triangular shape of the posterior margin of the process. Mature
specimens usually show a shelf-like margin of this triangular area which has a distinctly triangular
outline, but some specimens can always be found that depart from the mode. The thickened margin
(platform) is actually the only feature that allows the distinction of the species from its predecessor,
P. prevariabilis. Unfortunately, in older samples this feature can be detected only in large, adult
specimens. Probably the modification took place somewhere at the level of 0.2 m above the bentonite
(samples MA-70 and 71). Adult specimens present in both of these samples seem to differ slightly in
this respect (with the platform already developed in some elements in the sample MA-70) enabling
the recognition of the evolutionary change. This demarcation of the boundary between these two
chronospecies has to be taken with some caution , however, because of rather small sample size .
Contributions of elements lacking a platform decrease slowly upwards, and the evolutionary process
seem s to be connected with an ontogenetic acceleration. Even much higher in the section juveniles
may still lack a platform. As most specimens in the samples from MA-72 to MA-85 are small this
does not make them especially useful in time correlation. A rudimentary platform develops also in
large oz elements. Other elem ent type s do not seem to differ from related species within the lineage.
I am also unable to trace any discontinuity in the population variability of the hi-ke elements. They
are virtually identical and if there are any differences between these element in the apparatus, they
are completely obscured by the variability.

Distribution. - Populations occurring higher than 0.2 m above the bentonite in M6jcza are,
somewhat arbitrarily, assigned to the species . It is widel y distributed in the North Atlantic province
(BERGSTROM 1971). B ERGSTROM et al. (1987 ) give the lower range of the species well within the P.
anserinus Zone, thus much below that cho sen here. Without thorough biometrical studies of the sp
elements this app arent discrepancy cannot be resolved .

Baltoniodus alobatus (BERGSTROM 1971)
(PI. 19: 10-15; Text-fig s 14d, 15)

1971. Prioniodus alobatus n. sp.; BERGSTROM, p. 145, PI. 2: 4 .

1978. Prioniodus sp. (cf. P. alobatus BERGSTROM); DZIK, PI. 13: 3.
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Fig. 15.
Shape of platform in sp elements of Baltoniodus in the M6jcza Limestone above the bentonite.

1980. Prioniodus sp. novo A; ORCHARD, p. 24, PI. 6: 5, 9, 11 -1 2.

198 1. Prioniodus alobatu s BERGSTROM; N OWLAN, p. 12, PI. 5: 9, IS, 17- 22.

Type horizon and locality: Sample D60-1 60 taken 15.30-15 .35 m above base of the Dalby Limestone (Late
Caradoc), Fjacka, Dalarna, Sweden.

Diagn osis. - The sp eleme nts develop a thick , smooth platform with slightly raised edges, of
variable shape, usually rather narro w and somewhat irregular.
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Remarks. - Th e species was prop osed by BERGSTROM (197 1) as a mult ielem ent one ; co mple te
illustrati on was give n by NOWLAN ( 198 1). In typical North Atlantic sec tions B. variabilis evolves into
its successor B. gerdae (BERGSTROM, 1971 ), having an additiona l process devel oped by a widening
of the platform of the sp eleme nt (BERGSTROM 1971 ; BERGSTROM and CARNES 1976). In M6jcza B.
gerdae has not been ide ntified , while popul at ions of B. variabilis co ntinue to occ ur in strata presum­
ably coe va l with these including B. gerdae and even yo unger beds. The yo ungest populati ons of the
lineage in Mojc za are clearly di fferent from typ ical B. variabilis. Som e sha llowing of the sinuos ity
in the platform co ntour can be ide ntified in sample MA-85 and above it. This is mostl y a res ult of
increasing populati on variability of thi s character. Eve n as high as in the sample MA-22 an eleme nt
was found (DZIK 1978: PI. 13: 3) with the plat form being genera lly of the B. variabilis morphology,
except for its sharp upp er edge. Exa mi nations of specimens of Baltoniodus alobatus fro m Eston ia, in
the co llec tion of Dr. Viive VIIRA, Tallinn, led me to suggest that the populations from M6jcza and
Eston ia were co nspec ific (DZIK 1978). If thi s is reall y the case, they represe nt the chronospecies,
which in the Baltic region and other North Atlantic localit ies occurs above the range of B. gerdae .
Practicall y the onl y feature that enables identification of B. alobatus , if such a wid e range of vari ability
in the shape of the platform is accepted (see also KENNEDY et al. 1979 , p. 54 6, and ORCHARD 1980 ,
p. 24), is a sharp upp er edge of the platform and its ge nera lly higher thickness. Th e proposed gradua l
pattern of the transition between B. variahilis and B. alobatus diminishes their valu e as zona l fossil s.

Distribution. - Populati ons from about 1.5 m (late A . tvaerensisi up to 2.5 m above the bent on ite
(A . tvaerensislsup erbu s tran siti on zone) are attr ibuted to th is spec ies.

Ge nus Lenodus SERGEEVA, 1963

Type species: Lenodus clams SERGEEVA, 1963 (=Amorphogllathlls variabilis SERGEEVA, 1963).

Diagnosis. - The posteri or process of the sp elements un iramous, elements ne with a thick
promine nt cusp, e lements of the symmetry transition series rob ust wi th sma ll, low de nticles.

Lenodus variabilis (SERGEEVA, 1963)
(Pis 19: 16-23; 20: 1-8; Text-fig . 16a)

1963. Amorphognathus variabilis sp. n.; SERGEEVA, p. 106, PI. 8: 15-17.

1978. Eoplacogna thus variabilis (SERGEEVA); TIPNIS et al.. PI. 8: I. 1-6.
1979. Prioniodus prevariabilis FAHRJEUS; NI, PI. I : 27.

1979. Lenodus clams SERGEEVA; NI, PI. 2: 36.
1984. er. 'lAmorphognathus? sp. A; STOUGE, p. 7 1, PI. 12: 8-12, 14.
1987. Eoplacognathus suecicus BERGSTROM; HUNICKEN and ORTEGA, p. 139, PI. 7.1: 4-1 3.

1988. Eoplacog nathus suecicus BERGSTROM; WATSON, p. 11 2, PIs 6: 28, 32-33; 7: 3, 5.
1988. Eoplacogna thus fo liaceus ? (FAHRJEUS); WATSON, p. 11 2, PIs 6: 29; 7: 2.

Type horizon and locality: Presumably Early Kundan (Arenig/l.Ianvirn boundary) of the right bank of the Popovka
river, 1ngria (SI. Petersburg district), northern Russia.

Diagnosis . - The anterior process of the sp eleme nts with a shor t bifur cat ion appearing re lati vel y
late in the ontogeny, the oz eleme nts with pro cesses wide ly flaring and with th ick and prominentl y
orname nted platform . Stron gly asymme tric ne eleme nts weakly dent icul ated wi th posteri or rib without
dent icles .

Remarks. - Large plat form elements of the species (especially oz ) show tub ercul ati on , whic h
makes them remotely similar to cooccurr ing elements of POIOIlOdus. Wheth er thi s is a fea ture of
phylogenet ic significance or not , rem ains on ope n question.

Th e oz eleme nts do not fo rm a m irror-im age pair but the difference is not profou nd. The ante rior
and inner processes in the dextra l ele ment are linearl y arranged while in the sinis tra l e leme nt the
anterior pro cess is stro ng ly curved, the rem ain ing processes formi ng a line. No apparent asymmetry
was identi fied in the sp pair.

Distribution. - Volkhovian populati ons of Lenodus are still inadequately known but it see ms that
the lack of bifur cat ion of the anterior pro cess in the s p eleme nts as well as the presence of an
inner-posterior rib in the ne eleme nts (the feature diagnostic of L. fa lodiformis SERGEEVA), reported
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Fig. 16.
Apparatuses of Lenodus and earliest Eoplacognathus and proposed homology of their elements. 3 . L. variabil is

(SE RGEEVA. 1963). b. E. zgierzensis D ZIK. 1976 early form.

in few known, poorly preserved spec ime ns from the latest Volkh ovian , is typical for them. The exact
level of tran sition between L. fa lodifo rmis and L variabilis has not bee n identified yet. Although it
was hypothetized that in the Halludden sec tion, bland , this took place somewhere close to the
boundary between the Volkho vian and Kundan ( DZIK 1983) the dat a of STOUGE and B AGNOLl ( 199 1)
from the Hagudden sec tion suggests that it was well within the Earl y Kundan. In the Lesie niec I
borehol e, in the Pol ish part of the East European platfo rm, Lenodus occ urs eve n ea rlier. toge ther with
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typical Baltoniodus navis and Paroistodus originalis, and thi s may be the ancestral species of the
lineage. The upper range of L. variabilis has not been preci sely tra ced , either. In M6jcza it is replaced
0.5 m below the discontinuity surface (between sa mples MA-125 and MA -I27) with Eopla cognathu s
zgierzensis and Sagittodontina kielcensis. Both the se spec ies are probable successors of Lenodus but
the available material is too incomplete to show the tran sition. A direct connection between L.
variabilis and E. zgierzensis seems very probable . These two spe cies differ almost exclusiv ely in the
degree of elongation of the anterior process in the sp element. S. kielcensis is more derived and may
represent an immigrant lineage.

Genus Sagittodontina K NOPFER, 1967

Type species: Sag ittodontina robusta KNUPFER, 1967 (=S. bifu rcata KNUPFER, 1967).

Diagnosis. - Long denticles dev eloped in all elements of the apparatus, especially in the sym­
metry tran sition series, a deep basal cavity and thin crown characterize the platform elements . The
anterior process in the oz elements short.

Sagittodontina kielcensis (DZ IK, 1976 )
(PI. 22: 1-6; Text-fig. 17)

1976. Amorp hog nathus kielcensis sp. n.; DZI K, p. 423, Text-fig. 26h-l , PI. 44: 1.

1976. partim Amorphognathus variabilis SERGEEVA; DZI K: Text-fig. 26a-c (only).
1978. Amorph ognathus kielcensis DZIK; DZIK, PI. 13: 1- 2,5.
1979. Amorph ognothus kielcensis DZIK; AN et al., PI. 1: 24.

1985. Prioniodus deani sp. nov.: SAVAGE and BASSETT, p. 707, PI. 80: 23-29, 38 (erroneously labelled 33), 39 (non
30- 37 which are element s of Amorphog nathus) .

Holotype: ZPAL CVI/176; DZIK 1976 , Text-fig. 26h.
Type horizon and locality: Sample MA-18 from 0.65 m below the bentonite in the M6jcza Limestone (Uhakuan,

Llandeilo) at M6jcza, Holy Cross Mountains, Poland.

Diagnosis. - The sp elements with a short but still bifurcating anterior process and with the
posterior process long and oriented almost parallel to the inner one , ex ternal margins of these processes
strongly flaring. The oz elements with the main processes in the same vertical plane , forming an almost
right angle, the base of the external process with a sinuous profile.

Remarks. - Except for the sample MA-46, I am not able to find any strictly symmetrical elements
in the symmetry transition series. It thu s cannot be excluded that the tr location was occupied by a
slightly asymmetrical element. Early populations of the species are, to some degree, similar to Lenodus
but can be easily di stinguished by the reduced anterior process of the oz elements (like in Baltoniodus)
and prominently denticulated ne elements.

Distribution. - The transition between Lenodus and Sagittodontina cannot be trac ed in M6jcza
and it seems that the introduction of the latter lineage, represented by some primitive populations 0.7
m below and up to the di scontinuity (samples MA-125 and MA-41 ), was migrational rather than
evolutionary. The species gradually disappears in Mojcza, being represented up to 0.5 m above the
bentonite (B. variabili s Subzone), later possibly repl aced by an early Amorphognathu s. Again, thi s is
not an evolutionarily meaningful pro cess. Rare spec imens of the species occur at some levels in the
L1anvirn of the Baltic area and south China. In Wales it is known from the early Caradoc.

Sagittodontina bifurcata K NOPFER, 1967
(PI. 22: 7)

1967 . Sagitt odontina bifu rcata n. sp.; KNUPFER, p. 39, PI. 7: 5a-b (a full list of synonyms from KNUPFER 1967 in DZIK
1990).

1982 . Noixodontus girardeauensis (SATTERFIELD); MCCRACKEN and BARNES, p. 1480, PI. 2: 5-12.
1983. Sagittodontina bifu rcata KNUPFER; BERGSTROM, p. 46, Fig. 4.

1990. Sagittodontina bifurcata KNUPFER; DZIK, p. 6, Fig. 2, 3C.
1992. Sagittodontina robusta KNUPFER; BERGSTROM and MASSA, p. 1338, PI. I : 6-14.
1992. lstorinu s erectus KNUPFER; BERGSTROM and MASSA, p. 1338, PI. I: 15-16.
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Fig. 17.
Apparatus of Sagittodontina kielcensis (DZtK. 1976).

Holotype: SF r. 45/1051; KNOPFER 1967. PI. 7: 5a-b.

Type horizon and loca lity: Limeston e bed (Kalkbank) toppi ng the upper iron ore hor izon (la te A. superbus or A.
ordovicicus Zone. late Caradoc or Ashgi ll) at the mine Gebersdorf, Th ur ingia .

Diagnosis . - A flat OZ eleme nt with ang ular pro file of the base of the externa l process. Element s
of the symmetry transition se ries with wide basal cav ities; show ing a tendenc y to dismember denticles
on poorl y mineral ized processes.

Rem arks. - The apparatus was reconstructed and the name for it was chose n by B ERGSTROM

( 1983). The spec ies is represented in M6jcza by an early population and this is probably the reason
for the appearance of the rare and poorly preserved elements of the symmetry transition series, still
similar to those in S. kielcensis. Onl y fragments of the sp elements have been found which do not
allow any reliable reconstructi on.

Distribu tion. - In M6jcza the species occurs from 1.8 abo ve the bentonite (A. tvaerensislsuperbus
tran sition zone) to the top of the massive M6jcza Limeston e (A . superbus Zone). Known also from
the A. superbus (or A. ordovicicusi Zone of Thu ringia, coeval stra ta in Libya and the topmost bed s
of the Ordovician in the North America n Midco ntinent.

Genu s Rhodesognathus B ERGSTROM et SWEET, 1966

Type species: Ambalodus elegans R HODES. 195 3.

Diagnosis. - A wea kly developed platform (with variably deve loped accessory lobes) in the sp
and oz elements . The sym metry transiti on series similar to that in coeval species of Amorp hognathus,
but with strongly bent cusp in the ne eleme nts.

Rema r ks. - The platform elements of the genus are similar to those of Baltoniodus. Except for
the symmetry transit ion series , which is dist inctl y balognathid, the most sig nificant difference con­
cerns the position of branching of the anterior process in the plat form elements . In Rhodesognathu s,
like other balognathids, it is connected with the ex terna l denticle of the cusp, while in Baltoniodus a
rib connects the process directly with the cusp.
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Fig. 18.
Apparatus of Rhodesognathu s polonicus (DZIK, 1976).

Rhodesognathus inaequalis RHODES, 1953
(PI. 21 : 13)

1953. Amorphognathus inaequalis n. sp.; RHODES, p. 284 , PI. 22: 204 .

1974. Am orphognathus inaequa lis RHODES; LINDSTROM et al ., p. 16, Pis I: 8-11; 2: 1- 2, 7.

1987 . Am orp hognathus inaequa lis RHODES; BERGSTROM et a/ .. Fig. 18.5.

1988. Amorphog nathus inaequalis RHODES; BERGSTROM and ORCHARD, PI. 2.2: 14

Type horizon and locality: L1andeilo Limestone. L1andeilo, Wales.

Diagn osis. - The sp elements with a sma ll external lobe of the posterior process, ne eleme nts
well denticulated, with a low cusp.

Remarks. - A few spec imens found in samples MA-7 4 and MA-76, although incomplete, well
fit characters of the species despite their ev idently younge r age than the type population . The y occur
for above the fir st appearance of A. tvaerensis, the supposed success or of the Welsh A. inaequalis .
The interpretation of this stratigraphic discrepancy that appeal s most to me is an allopatric evolution
of the Rhodesognathus and Amorph ognathus lineages during Lland eilo and Earl y Caradoc.

Distribution. - Typical populations of the spec ies are confined to the Llandeilo of Wales and
Armorica. The M6jc za spec imens occur 0.4-0.5 m above the bentoni te (B. var iabilis Subzone).

Rhodesognathus polonicus (DZ IK, 1976)
(PI. 21: 14-25; Text-fig. 18)

1971. Holodontu s supe rbus RHODES; BEDNARCZYK , PI. 4 : 3.

1971 . Ligonodina delicata (BRANSON et Mall ); BEDNARCZYK, PI. 4 : 4 .

1971. Ambalodus pulcher RHODES; BEDNARCZYK, PI. 4 : 6.

1971. Tetraprioniodu s delica tus (BRA NSON et MEHl ); BEDNARCZYK, PI. 4: 7.

1976. Rhodesognathus elegans polonicus ssp. n.; DZIK, p. 424 , PI. 44 : 3-4, Text -fig. 25g- h.

1976. partirn Amorphognathus tvaerensis BERGSTROM: DZIK, Text-fig. 271--n (only).

1978. Rhodesognathus elegans polonicus DZIK; DZIK, PI. 13: 4-7.

Holotype: ZPAL CVI/ I36 , DZI K 1976, Text-fig. 25g .

Type hor izon and local ity: Sampl e MA-2 1 from 2.I m abov e the benton ite (Late Cara doc ) in the M6jcza Lim eston e
at M6jcza, Holy Cross Mo untains, Poland.

Diagn osis. - The oz elements with a bifurcated inner process, sp eleme nts with a sma ll, usuall y
denti culated posterior process, ne elements with sharp, strongly inclined cusp.

Rem arks. - The species seems to be a succes sor of Welsh Rh odesognathus inaequalis, from
which it differs mostly in having a smaller and always undivided posterior proc ess of the sp elements.
The most wide spread species of the genus, R. elega ns has, as is documented by samples from the
Lesieniec bore hole , a very similar app earance of the ne and other elements of the symmetry tran sition
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Fig. 19.
Grow th change s in platform shape in the sp element of Arnorphognathus tvaerensis BERGSTROM, 1962 and descriptives

for its processes and lobes, contours of right (a) and left (b) elements in occlusal view.

series. Their close simi larity to cooccurring elements of Amorp hognat hus is the reason for the late
recognition of the apparatus composition in the genus (see BERGSTROM and SWEET 1966). R. elegans
differs from R. po lonicus in lackin g additiona l processes in the sp and oz elements .

The deve lopment of the platform in the sp elements is extreme ly varia ble in the species. It is
remarkable that the specimens of the species preeceding this one stratigraphically in the section (PI.
2 1: 13) show more prominent platform lobes. Specimens of typical populations of the species usually
bear two or three denticles on the posterior process but sometimes the process is completely missing.
Thi s is suggestive of a very weak selection pre ssure controlling the morphology of the platform
elements. Probably this resulted in the evolutionary reduction of the platform in the lineage. Also the
morphology of the ne elements is variab le. Usually they lack an inner- posterior cre st but sometimes
a rudimentary rib occurs there, which makes it difficu lt to distinguish the se element s from homologous
element of A. tvaerensis.

Distribution. - In M6jcza the species occ urs from 1.8 to 2.4 m above the bentoni te (A . tvaeren­
sis!superbus transition zone).

Genus Amorphognathus BRANSON et MEHL, 1933

Type species: Amorphognathus ordovicica BRANSON et MEHL, 1933.

Diagnosis. - The anter ior and pos terior processes of the sp elements bifid, the former with lobes
of almos t eq ual length. The ne elements with prom inent de ntic ulatio n.

Amorphognathu s tvaerensis BERGSTROM, 1962
[PIs 22 : 8-22; 23: 1- 2; Text -figs 19-20, 21a, 22 (lower part )

Ear ly for m:
1976. Amorph ognathus inae qualis RHODES; DZIK, p. 425 , Text-fig. 27a-f.

Late form :
1962. Amorphognathu s tvaere nsis n. sp.; BERGSTROM, p. 37, PI. 4: 7-10.

1971. Amorphognathus tvaere nsis BERGSTROM; BERGSTROM, p. 135, PI. 2: ID-II, Text-fig. 13M-T.

1971 . Amorphognathus ordovi cica BRANSON et MEHL; BEDNARCZYK , PI. 4: 8.

1971. Amba lodus frog noeyensis HAMAR; BEDNARCZYK, PI. 4: 9.

1971 . Ambalodus triangularis BRANSON et MEHL; BEDNARCZYK, PI. 4: 10.

1976 . Amorp hognathus tvaerenensis BERGSTROM; DZIK, p. 432, Text-fig. 27g- k, o-q (non I-n which represent Rho-
desognathusy.

1981. Amorphognathus tvaerensis BERGSTROM; NOWLAN, p.ll , PI. 5: 13- 14, 16.

1983 . Am orph ognathus tvaerensis BERGSTROM; BURRETI et al., p. 181, Text-fi g. 4.

1985. Amorph ognathus tvaerensis BERGSTROM; BERGSTROM and ORCHARD, PI. 2.3: 8-9, 11, 16.
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Fig. 20.
Changes in ratios between length s of inner and outer lobes of the posterior process in right sp element and in number

of dent icles (including cusp) in the ne element of Amorphognathus in the middle part of the M6jcza section.
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Type hori zon and locality: Not spec ified precisely, a boulder of the Ludibundus limestone (early Caradoc ) from the
Tvaren area , Swed en.

Diagnosis. - The sp elements do not form a mirror-image pair, the sinistral one bein g mor e highl y
arched and bears an additional antero-internal lobe; bran ches of the posterior process of similar length ,
the external one being somewhat longer. The elements ne with a low cusp that usually does not differ
in size from neighbouring denticles .

Remarks. - BERGSTROM (197 1) proposed the first complete reconstruction of the apparatus and
homologized elements with the prioniodontids. He used the presenc e of the antero-int ern al lobe in the
left sp element as the diagnostic feature. The lobe is usually armed with a s ingle denticle in the earli est
populations of the lineage in M6jc za. Gradually it becomes larger and larger and armed with a row
of up to four denticles . It branches relatively late in ontogeny but in the co urse of evolution the
branching developed earlier and earlier in histogeny as indicated by a migration of the point of
branching towards the cusp (Text -fig. 2 1). There is thus an acceleration of the ontogeny which also
concerns the bifurcation of the posterior process. Its external lobe becomes more and more elonga ted
in the course of evolution.

The right sp element is flat , with a wide platform and lack s any additional lobes on its inner process.
However, in some rare specimens a denticle corresponding to that in the left element is present. Single
elements of thi s morphology were found in samples MA-76, 86 , and 88; the sample MA- 82 contain s
two such elements associated with four undenticulated ones. Even if the denticle is present the left
elements remain flat and clearly different from their right counterparts.

The denticulation in the ne elements is extremely variable (Text-fig . 20), usually with a group of
3-5 radially arranged denticles; the posterior process remains undenti culated or bears very small
denticles. In early populations the external process is prominently denticulated . In the course of
evolution this denticulation gradually disappears and the process itse lf becomes smaller and sma ller.

Distribution. - The lineage immigrated to the Holy Cross Mountains area already in the L1an­
deilo. The early populations in M6jcza ( 1.0 m below the bentonite - the base of the P. anserinus Zo ne)
are thus at least partially coeval with the Welsh populations of Rhodesognathu s inaequalis, possibl y
being conspecific with them. Although in R. inaequali s the lobes of the posterior process in the sp
elements are variably developed (see BERGSTROM et al. 1985) the external lobe is usuall y smalle r than
the remaining one, which is a state more primitive than in any of the M6jcza populations. It seems
probable that both the Polish-Baltic lineage of A. tvaerensis and the Welsh lineage of Rhodesognathus
developed from R. inaequalis, the former by further development of the external lobe, the latter by a
secondary reduction of the platform. As there is at least a possibility of an allopatricaly divergent
evolution of these lineages I prefer to pro visionally attribute the early M6jcza populations to A.
tvaerensis , as its early form , instead of assigning them to R. inaequalis. Bein g intermediate between
typical populations of the se species they still do not deserv e separation into a new subspec ies because
the overlap of the population variabilities seems too large. To solve the problem more data on the
evolution of Rhodesognathus in its type area is required.

Both the lower boundary of the typical (late) form of A. tvaerensis and its tran sition into the
succeeding A. superbus is very unclear due to a great population va riability of all the diagno stic
characters (Text-fig. 22). The fir st sp elements without accessory lobe s on their inner lobes appear
2.0 m above the bentonite, the last with the lobe occur 2.5 m abo ve the bentonite (see D ZIK 1989).
This makes zonal boundaries based on these species rather fuzzy unle ss the y coincide with immigra­
tions in some areas , which was evidently the case with the lower boundary of the A. tvaerensis Zon e
in the Baltic area. As evidenced by the much earlier appearance of the line age in the Holy Cross
Mountains there is a possibility that a boundary so defined may prove to be significantly heterochron­
ous.

Amorphognathus superbus (RHODES, 1953)
[PI. 23 : 3-5; Text-figs 21b, 22 (midd le)]

1964. Holodontus superbus RH ODES; B ERGSTROM, p. 26, Text-fig. 11.

1976. Amorphognathus superbus (R HODES) ; DZIK, Text-fi g. 28a-e.
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1980. Amorphognathus complicatus RHODES; MERR tLL, Text -fig. 4: 2-23 .

1984. Amorph ognathu s superbus (RHODES); CHEN and ZHANG, PI. I: 1- 7.
1985. Amorph ognathus superbus (RHODES); SAVAG E and BASSEIT, p. 692, PI. 83: 1-1 9.
1985. Amorphognathus superbus (RHODES); BERGSTROM and ORCHARD, PI. 2.4: 1--4, 8.

Type hor izon and locality: Ge lli-gri n Lime stone (La te Ca radoc) , Wales .

Diagnosis. - The sinistra l sp element without any lobe on its inner process (if present in some
speci me ns of ea rly populations the point of branching is near the cusp) . The ne eleme nts with a few
robust denti cles of simi lar length and an undenticul ated ex terna l process.

Remarks. - BERGSTROM(197 1), supporting earlier suggestions in BERGSTROMand SWEET ( 1966) ,
presented the first comp lete reco nstruc tion of the appara tus composition. He defin ed the boundary
bet ween A. tvaerensis and A. superbus at the point of disapp earance of the accesory lobe of the inner
process of the left sp element. In M6jcza there is a significant zone of overlap in the occurre nce of
lobed and unlobed sinistra l sp elements. In the co urse of evolutio n the point of bifurcation of the lobe
was closer and close r to the cusp and finally it disappeared. As the lobe is very small in those
speci mens that possess it, and assoc iated ne eleme nts are of the A. superbus morphology I co nside r
these popul ations to represent A. superbus .

The ne eleme nts have dent icul at ion distin ct fro m that in the succeeding A . ordovicicus. However,
they are very var iable within the populat ion , and thei r usefuln ess in the dem arcation of the boundaries
of the species is rather limited , es pec ially in the case of the lower boundary. Elem ents identical with
the holotype of A. superbus can be found we ll within the range of A . tvaerensis .

There is a barren interval within the range of A. superbus in the M6jcza Limestone. Well preserved
left sp eleme nts have been found only in the oldes t populat ion s of the spec ies and such a lob ate
speci men, not typica l for the spec ies is inclu ded in the recon stru cti on of its apparatus (Text-fig. 21b;
also D ZIK 1989: Text-figs. 16, 17). This prevent s a biom etrical study of the transit ion between the
spec ies and the succeeding A. ordovicicus . Actua lly I am not able to indi cate preci sely the boundary
bet ween them .

Distribution. - The transition from A. tvaerensis to A . superbus took place in the interval 2.0-2.5
m above the ben ton ite, the transi tion to A. ordo vicicus is eve n more di fficult to ind icate precisely but
the domin ance of the cus p ove r the den ticles in the ne elements develops somewhere within the basal
parts of the marly limestones of the Zalesie Fo rma tio n in the topmost part s of the sec tion in M6jcza.

Amorphognathus ordovic icus BRANSON et MEHL, 1933
[Pis 23 : 6- 12; ?24 : 20; Text-figs 2 1c, 22 (upper part)]

1933. Amorpho gnathus ordovicica n. sp.; BRANSON and MEHL, p. 127, PI. 10: 38.
197\. Amorphognathus ordovici cus BRANSON et MEHL; BERGSTROM, p. 134, PI. 2: 6-7.
1978. Amorph ognathus ordovicicus BRANSON et MEHL; BERGSTROM, PI. 80: I-I \.
1980. Amorphognathus ordovicicus BRANSON et MEHL; ORCHARD, p. 16, PI. 4: 1-13, 17-1 8.
1983. Amorphognathus ordovicicus BRANSON et MEHL; NOWLAN, p. 660, PI. 2: 16-17 ,22,25-27.
1985. Amorphognathus ordovicicus BRANSON et MEHL; SAVAGEand BASSEIT, p. 69 1, Pi s 84: 1- 21, 85: 1- 26; 86: 1- 13.
199\. Amorphognathus ordovicicus BRANSON et MEHL; FERREITI and SERPAGLI, PI. 1: 1- 9.
1992. Amorphogna thus sp. cf. A. ordovicicus (BRANSON et MEHL); BERGSTROM and MASSA, p. 1337, PI. I: 18- 24.

Type horizon and locali ty: Thebes Sa nds tone, Ozora, M issouri .

Diagnosis. - The ne elements with a long cusp dom inating over the denticles, whic h occur in
very low num bers, usually a sing le one on eac h process.

Remarks. - Onl y platform and hi elements were descr ibed by BRANSON and MEHL (1933) fro m
the type locali ty. The iden tification of the species is based on the ass umed co nspec ifici ty with
popul ation s studied by BERGSTROM ( 197 1) and ORCHARD ( 1980) . Som e of the sp elements fro m the
upperm ost part (Za lesie Formation) of the M6jcza sec tion have an unb ranched anter ior pro cess
associated with a very wide platform . Thi s see ms to be charac teristic of the spec ies although there
are several other assoc iated speci mens which differ from the older ones of A . supe rbus only in a
slight ly less developed inne r lobe of the posterior process and a sho rter , slightly more twi sted inner
process. The difference is not grea t and is much obsc ured by the grea t populat ion vari ability. All the
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Fig. 21.
Apparatuses of Amorp hognathus species and proposed homology of their elements. a . A. tvaerensis B ERGSTROM, 1962.

b. A. superbus (R HODES, 1953) early form. c. A. ordovicicus B RANSON et M EHL, 1933, early form .
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associ ated ne elem ent s from the marl y part of the sec tion have the cu sp strongly dominating over a
few associated denti cles, which is the diagno stic feature of the spec ies (BERGSTROM J971 ; ORCHARD
1980; SAVAGE and BASSETT 1985). Still some doubts remain wheth er thi s is enough to con sider the se
M6jc za populat ions co nspecific with the Briti sh ones and the zonal boundari es based on the evolution
of Amorphog nathus mu st rem ain tent ative. Th e main reason for th is uncertainty is the very limited
evidence on the popul at ion and ontogene tic vari ability of the ne elements . It is clear from the available
mat erial that ne eleme nts in late Amorphog nathus species changed significa ntly in their histogeny
(no te the difference betw een the illustra ted e lements of A. superbus and A. ordovicicus on PI. 23: 3 ,
6 that mostl y results from differences in ontogen eti c advancem ent ).

Distribution . - Populations from the marl y limestones of the Za lesie Formation in M6jcza are
ass igned to the spec ies with some hesitati on . Undoubtedly con specific with British ones are the
populations from the Zalesie Formation in Zal esie and in Miedzygorz (in the latter locality well
preserved ne eleme nts were found) .

Genu s Eoplacognathus HAMAR , 1966

Type spec ies: Amhalodus lindstroemi HAMAR, 1966.

Diagnosis. - The sp eleme nts with a long inner lobe of the bifurcated anterior pro cess, posterior
process undi vided . A stro ng asy mme try in the oz pair, with both eleme nts having the anterior(?)
process much elongated.

Remarks. - It is rather di fficult to ind ica te any fundamental distinctions betw een Eoplacognathus
and Polyplacognathu s. They see m to differ only in the further dev elopment of the robu stl y ornamented
plat form in the yo ungest form , P. ramosus.

Ram ifo rm ele me nts have not been identi fied in mo st of the spec ies of the genus but sparce data
strong ly sugges t a presence of sma ll e leme nts similar to tho se of Lenodus.

Eop lacognathus zgierzensis DZIK , 1976
(PI. 20: 11 -17; Text-fig. 16b)

1963. cf. Prioniodus sp.; SPASSOV and TELLER. p. 8 1, PI. I : 2.

1963. cf. Prioniodus mojczensis sp. nov.; SPASSOV and TELLER, p. 8 1, PI. I : 12.

1963. cf. Amba lodus sp.; SPASSOV and TELLER, p. 78, PI. I : 13-1 4 .

1976. Eoplaco gnat hus zgierzensis sp. n.; D ZIK, p. 424, Tex t-fig . 30a-f, PI. 43: 2.

1976. part im Amorphog nathus varia bilis SERGEEVA; D ZIK, Text-fig. 26d- g (only).

1978. Eoplacognathus? variabilis (SERGEEVA); Lb FGREN, p. 57, PI. IS: 15, 22- 25 .

Holotype : ZPAL CV1/223 ; D ZIK 1976, Text- fig. 30d.

Type hor izon and locality: Errat ic bou lder E-096 of a red Orthoce ras limestone (Middle Kundan, Areni g/Llanvirn
boundary) of Balti c origi n, Zgierz, Poland .

Diagnosis. - The eleme nts sp with the inner lobe of the anterior process approxima tely two times
long er than the rem aining lobe; the ant erior process in de xtral oz element shorter than the remaining
ones.

Remarks. - Thi s is the o ldes t spec ies of the ge nus, different from its predecessor Lenodu s
variabilis solely in an elongation of the inne r lobe of the anterior process (the diagnostic feature of
Eoplacognathus ) and in a denticulated internal process in the ne element. Its success or, E. pseudo­
planus (VIlRA, 1974 ), has the inner lobe of the anterior process elonga ted even further, to a degree
typi cal for most species of the genus, while the e longa tion of the anterior pro cess in the oz elements
starts from still younge r E. suecicus BERGSTROM, 1971 .

The degree of development in denticulation of the ne elements vary rather randomly among
samples. Th is , togeth er with a gener ally incomplete preserv ation of the sp elements, hampers any
biometrical study, thu s not allowing clari fication of the relationship with Lenodus, which precedes the
species stratigraphically in M6j cza and the Balti c sections .

Distr ibution. - In M6jc za the spec ies appears 0.5 m below the di scontinuity (sample MA-127 ),
where it cooccurs with Sagittodo ntina kielcensis. Th e tran sition to E. pseudoplanus cannot be traced



[ 20'm

CONODO NTS OF THE MOJCZA LIMESTON E

0 .5 mm

97

Fig. 22.
Shapes of right sp elements (left) and denti culation of ne elements of Amorphognathus in the upper part of the M6jcza

section.
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in M6jcza becau se it corresponds to the hiatus, which covers also the range of E. pseudoplanus, E.
sueci cus, at least partially E. fol iaceus, and probably a major part of the range of E. reclinatus .

Eopla cognathus robustus BERGSTROM, 1971
(PI. 2 1: 3-5; Text-fig. 23)

1971 . Amorp hog nathus sp. 3 LINDSTROM; BEDNARCZYK, PI. 2: 2.

1971. Amorph ognathus complicata RHODES; BEDNARCZYK, PI. 2: 6.
1971. Ambalodus reclinatus FAHRtEUS; BEDNARCZYK, PI. 3: 4.

1971. Eoplacognathus robustus n. sp.: BERGSTROM, p. 140. PI. I : 14-16.

1976 . Eoplacogna thus lindstroemi robustus BERGSTROM; DZIK, Text-fi g. 32a--c.

1985. Eoplacog nathus robustus BERGSTROM; BERGSTROM and ORCHARD, PI. 2.2: 8, 12.

Type horizon and locality: 4 m above the base of the Gullhogen Formation (Llanvirn) at Gullhoge n quarry. Skovde,
Vastergotland, Swede n.

Diagnosis. - Flat oz ele me nts with a wide platform , left one T-shaped , right Y-shaped , the ex ternal
pro cess at least two tim es as long as the remaining ones.

Remarks . - Th e platform part of the apparatus was recons truc ted by BERGSTROM ( 197 1). The
stratigraphica lly preced ing spec ies of the lineage, E. reclinatus (FAHRiEus , 1966) ca n be distingu ished
by sho rter ex terna l processes, narrower platform (at simi lar stages of histogeny) and more elev ated
cusp in the oz eleme nts. The mor phology of the platform eleme nts is h ighl y va riable mak ing identi­
fica tion of sing le e leme nts difficult . It is unclear whether the genera lly large size and robust platform
of the eleme nts is a resu lt of some pa rtic ular dynamic s of its Balt ic and Pol ish populati ons or a stable
characte r.

Distribution. - Th e lowermost sam ple, in which we ll preserved specimens we re fo und, is MA -43
abo ut 0.2 m above the discontinuity . The oldest populatio ns still resemble E. reclinatus in that the
ex terna l process is somewhat shorte r in the oz elements than is typical for E. robustus and may belon g
to E. reclina tus. It is thu s unclear whe ther the bed immediately above the d iscontinuity surface with
fragmentary specimens represen ts the E. robustus or E. reclinatus Subzone. Th e species ranges at least
as high as to 0.8 m above the discontinuity.

Eopla cognathus lindstroemi (HAMAR, 1964)
(PI. 2 1: 6-9; Text-fig. 23)

1964 . Ambalodus lindstroemi n. sp.; HAMAR, p. 258, PI. 5: I , 4, 7-8, 10-11, Text-fig . 5: 1, 3, 4.

197 1. Eoplacognat hus lindstroemi (HAMAR); BERGSTROM. p. 139, PI. 2: 15-18.

1985. Eoplacognathus lindstroemi (HAMAR); BERGSTROM and ORCHARD, PI. 2.2: 11, 13.

Type horizon and locality: Not specified precisely, Ampyx limestone, Kellerud or Gomnaes in Ringerike area,
Norway.

Diagnosis . - In both e leme nts of the oz pair the inner and anterio r processes meet approx imate ly
at a right ang le. In the s p eleme nts the inner and oute r processes are arranged almos t linearl y.

Remarks. - The platform part of the apparatus was reconstruc ted by BERGSTROM ( 197 1). In
Mojcza only a few eleme nts have been found , so it is imposs ible to esta blish if there is a co ntinuum
wi th the preceding species of the lineage. A short barren interval separates these two spec ies , each
rep rese nted by rather few specimens.

Distribution. - Specimen s defini te ly belongi ng to the species occur fro m 1.5 m to 1.2 m below
the bent on ite.

Eoplacognathus elongatus (BERGSTROM, 1962 )
(PI. 2 1: 10-1 2; Text-fig. 23 )

1962. Amorph ognathus elongata n. sp.: BERGSTROM, p. 3 1. PI. 5: 1- 3.

1971. Eoplacognathus elongatus (BERGSTROM); BERGSTROM, p. 137. PI. 2: 12- 14.

1976 . Eoplacognathus elongatus (BERGSTROM); DZIK, Text-fig. 33d.
1983. Eopla cognathus elongatus (BERGSTROM); BARRETTet al ., p. 182, Text-figs 6, 7.

1985. Eopla cognathus elongatus (BERGSTROM); BERGSTROM and ORCHARD, PI. 2.3: 15.
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Fig. 23.
Shapes of oz (left) and sp (right) elemen ts of Eoplacognathus in the M6jcza section (lowe r part from the discontinuity

surface to 1 m below the bentonite, upper part from 0.4 to 1.5 m above the bentonit e.
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Fig. 24 .

Shapes of oz (le ft) and sp (right) elements of Cahabagnathus protoramosus (CHEN, CHENet ZHANG, 1983 ) in the M6jcza
section above the discontinuity sur face.

Typ e horizon and locality: Not specified precisely, boulder 4 or 6 of the Ludibundus lime stone (early Caradoc) fro m
the Tvaren area, Sweden.

Diagnosis. - The sp eleme nts with the outer and inner processes meetin g at an angle in the center
of the elements, which results in a star-s haped appearance. The oz elements Y-shaped , with a wide
platform.

Distribution. - The presum ably oldes t speci men fro m M6jcza has been found in sample MA-74,
0.7 m above the bentonite, but undisputable occurrences are fro m 1.0 to 1.5 m above the bentonite.

Genus Cahabagnathus B ERGSTROM, 1983

Type speci es: Polyplacognathus sweeti BERGSTROM, 1971 .

Diagnosis. - The oz elements with a discontinuous and disp laced dent icle row on the external
process, usually developing a kind of bifurcation. The anterior process of the sp elements with its
external lobe tending to be reduced.

Cahabagnathu s protoram osus (C HEN, CHEN et ZHANG, 1983)
(PI. 21 : 1- 2; Text-fig. 24)

1971. Eoplacognathu s n. sp. A.; BERGSTROM, PI. 2: 19

1979. Eoplacognathu s cf. reclinatus (FAHRiEUS); NI, PI. I : 32a- b.

1983. Eoplacognathu s n. sp. A BERGSTROM; BERGSTROM, Text-fig . 2.

1983. Eoplacognathus protoramosus sp. n.: CHEN et al., p. 135, PI. I : 7-10.

1987. Eoplacognathu s protoramosus CHEN, CHEN et al.; AN, p. 149, PI. 27, 11-13, 17-18.

Type horizon and licality: Lower Tatianba Formation, Tang shan Hill s near Nanjing , China .
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Diagnosis. - The platform elements of the apparatus are similar in outline to those of Eoplacog­
nathus foliaceus but in both oz elements the row of denticles on the external process is split into two
straight segments, the proximal one continuing somewhat further than the point at which it meets the
distalone.

Remarks. - All the specimens from the M6jcza Limestone are fragmentary but they are clearly
conspecific with the one illustrated by BERGSTROM (1971). A much more numerous collection of the
species has been derived from coeval strata of the borehole Lesieniec I, where the species also
cooccurs with E. reclinatus. AB the platform elements of the apparatus show a striking similarity to
E. foliaceus, which is certainly the ancestor of the species. The only difference is in the angular
bending of the denticle row in the external process of the oz elements with a tendency to develop a
disruption in their course. These features strongly suggests a phylogenetic proximity to "E." jianyeen­
sis (AN et DING) from the L1andeilo of Tatianbu Formation, Tangshan Hills near Nanjin, China, which
connects it with more typical American species of Cahabagnathus.

Distribution. - In South China the species occurs in the E. reclinatu s Subzone (see AN 1987: p.
40), in the Lesieniec borehole, NE Poland in the E. robustus and E. lindstroemi Subzones. The
occurrences in the Baltic area are of the latter age. In M6jcza it occurs from 0.3 to 1.1 m above the
discontinuity (E. robustus Subzone) .

Family Phragmodontidae BERGSTROM, 1982

Diagnosis. - The elements of the platform series with a very short anterior process (sometimes
missing in the sp elements). Elements of the symmetry transition series with all processes but the
inner one more or less reduced .

Genera included. - Phragmodus BRANSON and MEHL, 1933, Paraprioniodus ETHINGTON et
CLARK, 1981, Acanthocordylodus MOSKALENKO, 1973.

Genus Phragmodus BRANSON et MEHL, 1933

Type species: Phragmodu s primu s BR ANSON et M EHL, 1933.

Diagnosis. - The inner process of the tr and pI elements with long denticles, laterally undulating
in their orientation, the sp elements compressed, with a more or less reduced anterior process.

Phragmodus? sp. aff. "Baltoniodus" crassulus (LINDSTROM, 1955)
(PI. 17: 13-18; Text-fig. 25a)

Remarks. - The species is represented in the basal beds of the M6jcza Limestone by poorly
preserved specimens. A similarity to cooccurring Baltoniodus makes separation sometimes, at such a
state of preservation, difficult. Especially the pI and tr elements are not easy to assign properly to a
species unless their internal processes are well preserved. They differ, however, from Baltoniodus in
a less prominent denticulation of the remaining processes. Some morphologically transitional elements
have been found (for instance PI. 17: 14) that are hard to classify. Like the ramiform elements in
typical populations of "B." crassulus the elements from Mojcza also have very long, gently curved
cusps. This makes identification of the species rather easy even if the processes are broken.

The population from the M6jcza Limestone differs from older populations of "B ." crassulus (see
DZIK 1984; BAGNOLI et al . 1988) in the more robust appearance of the elements, which may be a
result of taphonomic selection during sedimentation of the coarse sandy limestone. .

Distribution. - Typical "B." crassulus occurs in the topmost Latorpian of the Baltic area, being
later replaced by species of the Baltoniodus lineage. In M6jcza and the Myszk6w borehole (Upper
Silesian Massif) it seems to occur as high as in the basal Kundan (up to 0.3 m above the base of the
limestone in M6jcza), being replaced here by an early form of P. polonicus. These species are so close
morphologically that an evolutionary connection seems possible. Because of stratigraphic condensa­
tion of the section and the rarity of specimens in the transitional strata this cannot however, be precisely
documented.
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Ap paratuses of Phragmodus species and proposed homology of their eleme nts. a . P.? sp. aff. "Baltoniodus " crassulus

(L1N DSTROM. 1955). b-c. P. polonicus D ZIK. 1978. b - early fonn from belo w the di sco ntinuity surface.

Phra gmodus polonicus D ZIK, 1978
(Pis 17: 19- 25; 18: 1-7; Text-fig. 25b-c)

1976. Phragmodus sp.: DZIK. Tex t-fig . 35m. n (not 0 ).

1978 . Phragmodu s polonicus sp. n.: D ZIK. p. 63. PI. 14: 1- 5, Text-fig. 5 (non PI. 14: 3, Text-fig . Se).

1981. YPhragmodusflexuosus MOSKALENKO; ETHINGTON and CLARK, p. 79. PI. 9: 2-7.

1988. Phragmodus polys troph os sp. nov.; WATSON. p. 12 1. PIs 6: 20--2 1, 24-27: 7: 10. 12-16.

1989. Phragmodu s harrisi n. sp . (co rrec tly should be : harrisaey; BAUER, p. 103, Text -fig. 7: 1- 8.

Holotype: ZPAL CV I/348; DZIK 1978. PI. 14: 1.

Type horizon and local ity: Sampl e MA -27. 1.6 m below the bentonite layer in the M6jcza Limestone (E. lindstroemi
Zone, L1an virn ) at M6jcza, Hol y Cro ss Mo untains, Poland.

Diagnosis . - The external process of ju venil e sp eleme nts serrate , at olde r stage s of histogeny
smooth. The ne elements undenticulated, geniculate (oistodontiforrn).

Remarks. - The spec ies differs from these species of the genus that also have an oistodontiform
ne elements (P. undatusi in having a more primiti ve appearance in the remaining elements . Oth er
species of Phra gmodus have denti cul ated (cyrtoniodontiform) ne eleme nts .
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Th e tr e leme nt tent atively attributed to thi s spec ies in the origina l description (DZIK 1976, 1978 )
belongs to Comp lexodus pugionifer. Thi s wro ng ide ntification resulted in mu ch co nfus ion in respect
to the ph ylogeneti c interpret ation of the spec ies (DZIK 197 8).

Range. - In the Cann ing Basin, Aus tralia , the species cooccurs with ear ly representat ives of the
Eop lacognathus lin eage , thu s bein g coeval wi th the ea rly M6jcza popu lati on s, but anothe r spec ies of
the ge nus precedes it there and in the Ordos Plat form , China. In the Chinese species , P. paraundatus
WANG and Luo , 1984 (possibly co nspecific with Australian P. spica tus WATSON, 1989) the sp-oz
locati on s are occ upied by cy rtonio do ntiform eleme nts (ne is o istodo ntifo rm) . Th e cooccur rence with
Histiodella holodentata ETHI NGTO et CLARK, 1981 , defin itel y shows that these strata are olde r than
the base of the M6jcza Lim estone where a more advance d spec ies of the Histiodella line age occurs .
Thi s means that the proposed transiti on from P. ? crassulus to P. polon icus (and/or P. spicatusi eithe r
took place some what earlier than the fir st appearance of the latter spec ies in Mojcza, or the Phrag­
modus lineage deri ved fro m ea rly Periodon.

Distribution . - Th e spec ies is known almost worldw ide, bein g present in the North Am erican
Midcontinent (BAUER 1989), Sib eri a, and Au stralia (WATSON 1988 ). It ranges from the Histiodella
kristinae Zone (ea rly Kund an , Late Areni g) to the A. tvaerensis Zone. In equa toria l regions it was
repl aced by P. flexuosus (in Siber ia bein g sym patric for a brief tim e in some region s) but in the Baltic
region and the Holy Cross Mountain s continues up to the Earl y Caradoc. Rare spec ime ns are known
from the L1 anvirn and L1andeilo of the Lesieniec I borehole (Po lish part of the Eas t European
Plat form), fro m Eston ia (BERGSTROM et al. 1987), and fro m the Myszk6w borehole (Upper Sil esian
Massif). The oldes t population of P. polonicus from the samp le MA- 120 in M6jcza (0.5 m above the
base of the lim estone) is d ifferent from later po pulations by sti ll showing a tet raprion iodontiform
ap pearance of the pI e leme nts, whic h is mu ch less apparent higher in the sec tion. Also the di st inction
bet ween the hi-ke and pl-tr groups within the symmetry tran sition se ries see ms to be less pronounced
in this olde st populat ion . The populations of the spec ies fro m strata up to 0.7 m above the discon tinu ity
surface (E. robustus - B. variabilis Subzon es) are mostl y represented by minute, probabl y j uveni le
speci me ns .

Family Pygodontidae BERGSTROM, 1981

Diagnosis . - The sp eleme nts with a reduced inner process but developing instead an additional
ex ternally oriented process co nnec ted by a thin shee t into a tri angular un it. The rem ainin g elements
of the sy mmetry transiti on series with oblique ly oriented minute denticles.

Genu s Pygodus LAMONT et LINDSTROM, 1957

Typ e species : Pygodus ans erinus LAMONT et LINDSTROM, 1957.

Diagnosis. - As for the fami ly.

Pygodus serra (HADDING, 19 13)
(PI. 17: 9-12; Text -fig. 26 )

1955. Pygodu s serr s (HADDlNG); LINDSTROM b, p. 110, PI. 22 : 17, 20-25 .

197 1. Pygodu s serru s (HADDlNG); BERGSTROM, p. 149, PI. 2 : 22-23.

1976. Pygodus serrus (HADDlNG); DZIK, Text-fig. 29a-b, e.

1978. Pygodu s serra (HADDlNG); LOFGREN, p. 98 , Text-fi g. 32D-F.

1984. Pygodus serrus (HADDlNG); CHEN and ZHANG, PI. 2: 16-19.

1979. Pygodu s serrus (HADDlNG); NI, PI. 1: 28-29.

1991. Pygodus serra (HADDlNG); MCCRACKEN, p. 5 1, PI. 2 : 4, 6, 7, 9, 11-1 2, 14- 18 , 20-1 3, 28- 30 .

1991. Pygodus sp. cf. serra (HADDING) ; MCCRACKEN, p . 51 , PI. 2: 1-3.5 ,8, 10, 13,1 9 .

Type hor izo n and locality : Upper pa rt of the Lower Dicellograptus Sha le at sec tion EIS, Fagelsang near Lund,
Skane , Sweden.
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Fig. 26.
Changes in morphology of sp elemen ts of Pygodus in the M6jcza section expressed as the ratio between widths of the

fields separated by the media l row of tubercles; contours of sp and oz eleme nts to the right.

Diagn osis . - The sp eleme nts with three rows of tubercles connec ted by a wide shee t with
tran sverse wrinkles . The oz eleme nts with an ex terna l process merging at almost right angle the
intern al one.

Rem arks. - The apparatus of Pyg odus was interpreted by B ERGSTRb M ( 197 1) and its evolution
discussed by B ERGSTRb M (1983). Along with two well known element types the apparatus of Pygodus
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Fig. 27.
Apparatus of Pygodus (sp clement of P. anserinus LAMONT er L1NDSTROM. 1957; tentative identification of ne element

based on materials from the borehole Lesieniec I . NE Poland).

cons ists al so of seve ra l minute ramiform e leme nts that form a sy mmetry transition se ries (MCCRACKEN
1991 ). Of spec ial interest is the morphology of the symme trica l e lement, which has its media l process
weakly denticulated but split into two parallel rid ges (PI. 17: 10). All of the few rami form e lements
in my co llection, as well as tho se illu strated by othe r authors , hav e at least three processes, which
may make a distincti on from othe r pri oniodontids amo ng whi ch at least the hi element is biramous.
In a sample from the Lesieni ec I boreh ole, located in the Poli sh part of the Eas t European Platform,
two oistodontiform e leme nts ha ve been found wh ich, being unl ikely to belong to any other conodont
spec ies, see m to represent the ne e leme nts of Pygodus. If thi s ident ificati on is correct it would suppor t
a derivati on of Pygodus fro m the pr ioniodontids (DZIK 1983) rather than from Polonodus (BERGSTROM
1983) unless the latt er ge nus is also a pr ioni odontid as prop osed by LOFGR EN ( 1990).

Dist ribution. - In M6jcza the species occ urs fro m 0.5 m above the d iscontinuity to 1.5 m below
the bentonite. An interesti ng reversa l in the co urse of evolution seems to have taken place with in the
range of P. serra . Th e lineage see ms to evolve towards more and more narrow pos te rio r area bet ween
the two pos terior rows of tubercles. Beginning fro m the sample MA-57 thi s area again becomes wide r,
thu s maki ng room for the fourth row of tubercles d iagn ostic for the succeed ing species . Such a
morph otype, transiti onal morph ologicall y to P. anserinus but cooccur ring with typ ical e leme nts of P.
serra , has been ide ntified as a se parate spec ies by MCCRACKEN ( 199 1).

Pygodus anserinus LAMONT et LINDSTROM, 195 7
(PI. 17: 7-8 ; Text- figs 26-27)

197 1. Pygodus anserinus LAMONT er L1 NDSTROM; BERGSTROM, p. 149, PI. 2: 20-2 1.

1976. Pygodus anserinus LAMONT er L1 NDSTROM; DZIK, Text-fig. 29f.

1984. Pygodu s anser inus LAMONT er LINDSTROM; CHEN and ZHANG, PI. 2: 18- 21.

Type horizon and locality: Cherts at Crawford (Llandeilo), Normangill Bum, Scotland.

Diagnosis . - The eleme nts sp with fo ur rows of tubercles, the oz elements with the ang le between
pro cesses slightly smaller than right.

Remarks. - Rel ati on sh ips bet ween these two species are th e subject of some co ntroversy .
FAHRIEUS (1982) claime d that there is an overlap in tim e ranges of P. serra and P. anserinus. He
ev idently defined these species vertically, all spec imens with three rows of tub ercl es classifi ed as P.
serra while those with fo ur as P. anserinus . On e may arg ue, however, that in populations transitional
bet ween these chronos pec ies both these morphotypes mu st occur togeth er. The overlap in their ranges
wo uld then be an ar tifact resulting fro m the application of the typologic , ins tead of popul ati on , spec ies
co ncept. No po pulation study on Pygodus has been performed ye t and thi s precludes a more preci se
recognition of the evolutiona ry process. Th e material fro m the M6jcza Limestone is too sc arce to
so lve the problem. Neverthe less, it is evi de nt that the evolutionary introducti on of the fourth row of
tub ercles was rath er smooth, with wide ning of the area bet ween two neighbouring rows preceding
insertion of the new one (Text-fig. 26 ). Initi all y the tub ercles of the fourth row devel oped quite late
in the histogen y of the eleme nt and in the co urse of evolutio n they started to develop cl oser and clo ser
to the cu sp . Although there are some differences in the orientation of pro cesses in the oz e lements of
the se two spec ies of Pygodus (BERGSTROM 1971 ) thi s is far from bein g apparent in the M6jcza
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material. The great popul ation variab ility makes this fea ture useful taxonomi call y only if num erous
oz elements are avai lable.

Distribution. - In M6jcza the species occ urs from 1.0 m below to 0.2 m above the bent onite
(wi th the first Baltoniodus variabi/is)

Superfamily Icriodontacea MULLER et MULLER, 1957

Diagnosis. - The sp elements tend to develop a com plex molar-lik e appea rance by means of
widening tips of denti cles (icrion), rarely by thickening margins of the base (platform). The elements
of the symmetry transition series minut e, more or less simplified morphologically.

Fam ily Pterospathodontidae COOPER, 1977

Diagnosis . - The sp elements multi ramous, the eleme nts of the symmetry tran sition series with
den sely distributed , long and sharp denticles.

Genu s Comp/exodus DZIK , 1976

Type spec ies: Balognathus pugionife r DRYGANT, 197 4 .

Diagnosis. - Flat elements with sharp denti cul at ion and deep basal cavitie s. The sp eleme nts with
a bifurcated poster ior process tend ing to develop a robu st shape (icrion) by widening of the denticle
tips.

Remarks. - The sp elemen ts of the genus can be dist inguished from tho se of superficially similar
balognathid s by the und ivided ante rior process, which branches directl y from the cusp.

Complexodus originalis CHEN et ZHANG, 1984
(PI. 23: 13-19; Text-figs 28a, 29)

1984. Complexodus originalis sp. n.: CIIEN and ZHANG, p. 133 , PI. I : 11- 12.

Type horizon and loca lity: Lower Tatianb a Formatio n, Tang shan Hill s near Nanjing, China.

Diagnosis. - An almos t straight ex terna l branch of the posterior process of the sp element s, which
have denti cles with sharp tips.

Distribution. - In China the spec ies occurs from the E. reclinat us Subzone to the P. anserinus
Zon e (CHEN and ZHANG 1984); according to AN (1987 ) its ances tor is Amorphog nathus comp /exoides
AN. In M6jc za it appear s 1.1 m belo w the bent onit e (E. /indstroemi Subzone), 0.2 m below the
bentonite it is repl aced by C. pu gionif er but seems to reappear 1.0 m above and continue up to 1.7 m
abov e the bentonite (A . tvaerensis Zone) (Text- fig. 29) .

Comp /exodus pu gionife r (DRYGANT, 1974)
(PI. 23 : 20-26; Text-figs 28b, 29)

1974. Balognathus pugionifer sp. n. ; DRYGANT, p. 56 , PI. I : 4-8 .

1976. Complexodus pugionifer (DRYGANT) ; DZIK, p. 423, Text-fig. 25i, PI. 44: 2.

1978. Complexodus pugionifer (DRYGANT); DZIK, PI. 13: 6.

1981. Complexodus pugionifer (DRYGANT); AN, PI. 4 : 4

1985. Complexodus pugionifer (DRYGANT); BERGSTROM and ORCHARD, PI. 2 .3: 6.

1987. Complexodus pugionifer (DRYGANT) ; AN, p. 122 , Pis 25 : 21-22,25,28; 29: 13.

Holotype : IGGI 29226, DRYGANT 1974, PI. I : 4 .

Type horizon and local ity : Bor ehole Piszcza- 16 , depth 405-407 m (Uhakuan), Volhy nia , Ukraine .

Diagnosis. - The posterior pro cess of the sp eleme nts with an external lobe that is very sinuous ,
imm ediately after branching curvi ng towards the remain ing lobe. Distal denticles of the inner and
posterior processes with more or less transver sely widened tip s.

'Remarks. - The type population see ms to be located close to the lower range of the spec ies . Later
the dia gno stic lobe of the posterior process has becom e more and more strongly bent (Text-fig. 29).
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Fig. 2X.
Apparatuses of Complexodus spec ies and proposed homology of their elements. a. C. origina lis CH EN and Z HANG, 1984.

b. C. pugionifer (DRYGANT, 1974).

Distribution. - Known from the Lland eilo of Ukr aine, South China and Wales. In M6jcz a it
appears 0 .1 m below the bentonite and continues up to 0 .5 m above (P. an serinus - basal A . tvaerensis
Zones).

Complexodus sp. A
(PI. 23 : 27; Text-fig. 29)

Remarks. - Unlike C. pu g ionifer, which precedes this species stratigraphically in the M6jcza
sec tion, the ex ternal lobe of the posterior process developes a sinuosi ty not before a late stages in
histogen y. The general appearance of the sp eleme nts is thu s similar rath er to C. origina/is although
adult eleme nts are rather robus t (PI. 23 : 27). It is unclear whether the reappearance of such primitive
morphologies is a result of an evo lutio nary reversal or a second immigrati on of C. origina /is to the
M6jcza area fro m a region of its perma nent occ urre nce and evolutionary stas is. A slight shift in
frequency distribution of the diagnostic charac ter (Tex t-fig. 29) suggests rath er the reversal.

Distribution. - Occurs in M6jcza from 1.0 to 1.7 m above the bent onite. The range of the spec ies
is separated from that of C. p ug ion ifer by a gap.

Genus Distomodus BRA NSON et B RANSON, 1947

Type species: Distomodus kentuckyensis BR ANSON et BRANSON, 1947.

Distomodus sp.
(PI. 18: 15-1 6)

Remarks. - A few fragmentary specimens of this enigma tic species have been found in the
sample MA -92. Th e best preserved represent ne eleme nts (PI. 18: 16) and pi elements (PI. 18: 15),
whic h are morphologicall y close to Si lur ian species of the genus.
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Fig. 29.
Changes in orientation of lobes of the posterior process in sp elements of Camp/ exodus in the M6jcza section.

Distribution. - In M6jcz a found 1.9 m above the bentonite (A . tvaerensistsuperbus transition

zone).
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Family Icriodontidae MULLER er MULLER, 1957

Diagnosis . - Symmetry transition se ries and oz e leme nts sho w a tenden cy to simplification, in
later form s mimicking conifo rms. Th e sp e leme nts ha ve a strong ex te rnal pro cess usuall y with tip s
of its denticles transver sely widened to form triple rows (icrio n), the inn er process with a tenden cy
to reducti on , altho ugh, secondarily, in so me ge ne ra a co mplex star-like sha pe of the e leme nt may
dev elop .

Ge nus lcriodella RHODES, 1953

Type species: Icriodella superba RH ODES, 1953.

Diagnosis. - Th e eleme nts of the symme try transiti on se ries with deep basal cavities and, except
for the ne ones, with we ll develop ed de ntic ulation. The sp eleme nts wi th a we ll developed , denticu­
lated inner proc ess.

lcriodella n. sp. A NOWLAN, 1983
(PI. 24: 3-4)

1983. lcriodella n. sp. A; NOWLAN, p. 666 , PI. I: 1- 5.

Remarks. - Th e spec ies is rep resent ed in the M6jcza co llec tion by a few frag me ntary sp eleme nts
with va riably, bu t ge nera lly weakly, develop ed molari zat ion of the outer process. The e leme nts oz do
not differ in sha pe fro m othe r Late O rdovician spec ies of the ge nus .

Distribution. - Rare in samples MA- 98 and MA -99 (top of the M6jcza Limestone , A. superbus
Zo ne).

l criodella prominens ORCHARD, 1980
(PI. 24: 2)

1980. lcriodella prominens sp. nov.; ORCHARD , p. 22, PI. I : 19-2 1, ?22, 25, ?27, 28.

1983. lcriodella prominens ORCHARD; NOWLAN, p. 666 , PI. I : 8-10.

Type horizon and locality: Sample K3, Lower Keysley Limestone, Keysley Quarry, Cross Fell, England.

Diagnosis. - The sp eleme nts with a mol arized part "which tap ers progressively from its pro xim al
end wh ich bears relatively discrete nodes; the subcentra l cus p is long and sharp" (modified afte r
ORCH ARD 1980).

Distribution. - Seem s to be widespread in the As hgi ll. Rare in the Za les ie Formation of the
M6jcza sec tion.

Order Ozarkodinida D ZIK, 1976

Diagnosis. - Th e platform se ries in the appa ra tus origi na lly and typically represented by biramous
eleme nts. Th e tr and pI eleme nts origina lly triram ous with rep eated tenden cy to reduce the inner
process.

Sub order Plectodinina D ZIK , 1991

Diagnosis . - Th e ne e leme nts with a pro cl ined cusp.

Family Oistodontidae LINDSTROM, 1970

Diagnosis. - Flatten ed undenticul ated e leme nts, their pro cesses arme d with high cristae; in some
advance d forms denti cul at ion develop s in all e lements except the ne ones.

Ge nus Histiodella HARRIS, 1962

Type species: Histiodella altifrons H ARRIS, 1962.
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O.5mm
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Fig. 30 .

Contours of sp elements of Histiodella kristina e STOUGE, 1984 from the basal part of the M6jcza Limestone (samples
MA-I27, 128. 130 , 13 1).

Diagnosis . - Elements a lbid , of pen tagonal out line wi th microserrate or de nt iculated cari nae ,
except for the ne ones, which are geniculate (oistodontiform) . The tr-pl e leme nts with a short med ial
process.

Histiodella kristinae STOUGE, 1984
(PI. 24: 28-30; Tex t-fig . 30)

1976. Histiodella serrata HARRIS; DZIK , Tex t-fig. 12d .

1978. Histiodella serrata HARRIS; DZIK , PI. 14: 7.

1979. Histiodella (s p. no v): NI. PI. I : 26

1979. Histiodella miaopoensis sp . nov.; AN et al., PI. I : 20 .

1979. Histiodella n. sp. I (=Histiodella sp . A SWEET et al.); HARRIS et al., PI. I: 9.

1984 . Histiodella serrata HARRIS; WANG and LUO, PI. 11: 6-7.

1984 . Histiodella kristina e n. sp. ; STOUGE, p. 87 , PI. 18; 1-7,9- 11, Tex t-fig. 17.

Ty pe horizon and local ity : Midd le Ta ble Head Forma tion, sample T P 68, Tab le Point, Newfoundland.

Diagnosis. - The sp eleme nts with denticles at the end of the ex terna l process tall er than the cu sp
(modified after STOUGE 1984).

Remarks. - Th e evo lution of the lineage of Histiodel!a is well known owi ng to descripti ons by
Mc HARGUE ( 1982) of its earlier pa rt and by STOUGE ( 1984) of the later stages in the evo lutio nary
devel opment of dent icul at ion. Thi s allows very prec ise across- Iapetus correlatio n of the Late Areni g
stra ta con ta ining thi s spec ies . In M6jcza only the sp elements have been found but the appa ratus was
reconstruc ted by STOUGE ( 1984) on the basis of a rich Newfound land material.

Distribution. - The species occurs in the early-midd le Kun dan of the Balt ic reg ion and the Hol y
Cross Mountai ns, and in corresponding strata of the Yang tze reg ion of Ch ina and in Newfoundland.
In M6jcza 0.5-0, 2 m be low the discontinuity.

Fami ly Periodontidae Li DSTROM, 1970

Diagnosis . - Sha rp ly de nticulated eleme nts, the pi and tr ones with all their processes reduced ,
except for the medial one , the ne eleme nt oistodo ntifo rm.

Genera included. - Periodon HADDlNG, 191 3, ?Hamarodus VIIRA, 1974.
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Genu s Periodon HADDlNG, 1913

Type species : Periodon acu leatus HADDING, 1913.

III

Diagnosis. - The elements of the symmetry transit ion and the "platform" series with very long ,
sharp denticles oriented fan-like. The ne elements with a weakl y denticulated, very short external
proc ess and undenticul ated long inner one.

Periodon aculeatus HADDlNG, 1913 late fo rm
(PI. 24: 1D-13; Text-fig. 31b)

1955. Periodon acu leatu s HADDlNG; LINDSTROMb, p. 11 0, PI. 22: IQ-II , 14-1 6, 35.

1976. Periodon aculeatu s aculea tus HADDlNG; DZIK, p. 435, Text-fig. 341-r.

1984. Periodon aculeatus (HADDlNG); CHEN and ZHANG, PI. II, 1- 7.

1985 . Periodon aculeat us (HADDING); BURRETTet al., p. 183, Text-fig. 8.

1985 . Periodon aculeatus (HADDING) ; BERGSTROMand ORCHARD, PI. 2.2: 6-7.

Type horizon and locality: Lower Dicellograp tus shale, Fagelsang sect ion E 15, upper part; Skane, Sweden.

Diagnosis . - Extern al processes in the symme try transition series and the ne elements redu ced ,
with very small denticles.

Remarks. - The spec ies is extremely rare in M6jcza and little can be add ed to the reconstruction
of its apparatus in D ZIK (19 76). In the co urse of the evolution of the Periodon lineage non-inner
proc esses in the elements of the symmetry tran siti on series gradually disappeared (see D ZIK 1976 ,
1983; STOUGE and BAGNOLI 1988). Thi s ca n be recogni zed also within the chronos pec ies P. aculeatus,
in its present mening. Early forms (see D ZIK 1976; LOFGREN 1978) have rudiment ary processes of tr
and pI elements more prominently dent icul ated.

Distribution. - Cosmopolit an spec ies . In M6jcza from 2.2 m to 1.2 below the bentonite (E.
robustus - E. lindstroemi Sub zon es).

Genu s Hamarodus VIIRA, 1974

Type species : Distomodus europaeus SERPAGLI, 1967 (= Neoprioniodu s brev irameus WALLlSER, 1964).

Diagnosis . - The elements sp-oz with a very deep basal cavity and rudimentaril y denticulated
processes; inner processes of the elements of the symmetry transition series den ticulated with minute,
sharp altern atin g denticles, remaining processes being more or less reduced.

Hamarodus brevirameus (W ALLISER, 1964)
(PI. 24: 14-1 9; Text-fig. 3 1a)

1964 . Neoprioniodus brevirameus n. sp.; WALLlSER, PI. 4: 5, 29: 5- 10.

1964 . cf. Roundya prima n. sp.; WALLlSER, PI. 4: 6, 31: 1- 2.

1967. Distomodus europaeus n. sp.; SERPAGLI, p. 64, PI. 14: 1- 6 (other synonyms from SERPAGLI 1967 in SWEET and
BERGSTROM 1984).

1976. Hamarodus europaeus (SERPAGLI); DZIK, p. 435, Text- fig. 36a-g.
1978. Hamarodus europaeus (SERPAGLI); DZIK, Text-fig. 2.

1980. Hamarodus europaeus (SERPAGLI); ORCHARD, p. 21, PI. 4: 22, 25, 29-3 1.
1979. Hamarodus europaeus SERPAGLI; NI, PI. I: 33.

1983. Hamarodus sp. cf. H. europa eus (SERPAGLI) ; NOWLAN, p. 664 , PI. 2: 1-12.

1991. Hamarodus europaeus (SERPAGLI); FERRETTI and SERPAGLI , PI. 2: 1- 6.
Type horizon and locality: Bereich I , Schicht 2A (Ashgill) at Cellon, Camic Alps, Austria,

Diagnosis . - As for the genus.
Remarks . - The apparatus reconstrution proposed by D ZIK (1976, 1978) has been pro ven by

subsequent studies (ORCHARD 1980) and addition al collec ting in the Ho ly Cross Mountains, Baltic
regi on, and Carn ic Alp s. The elements of the "platform" series are very vari able and it is not quite
certai n whether differences in their shape and denti culation really represents a distin ction betw een
element types and not just population variability. There seems to be some ontogene tic change in the
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Fig. 3 1.
Appa ratuses of Hamarodus , Periodon, and Microzarkodina and proposed homo logy of their elements. a . H. brevirameus

(WALLlSER. 1964). b. P. aculcatu s H ADDlNG. 19 13 late form . c. M. o::arkodella Lr NDSTROM. 197 1.

denticulation of the reduced processes in the symme try transition se ries elem ent s. Denticles disappear
during element growth, and are being replaced with robust ridges.

There is now a good reason to believe that only a sing le lineage of the genus was represen ted in
the Late Ordovician of Europe. It thu s see ms unavoid ab le to synonymize the names introduced by
W ALLISER (196 4) for the topm ost Ord ovician rep rese ntatives of the species from the Cellon Section
in the Au stri an part of the Carni c Alps with those for specimens fro m almos t coeval strata of the
Monte Zermul a on the Italian side of the bo unda ry (SERPAGLI 1967). Th is invo lves a somewha t
unfortun ate change of wide ly used name of the species .

Distribution . - Thi s is a species character istic of co ld-water seas of the Late Ordovician , kno wn
from the whole Medite rra nean Realm as well as fro m the Baltic area and South China. In M6jcza it
appea rs by migration 0.2 m below the top of the massive limestone (A . superbustordovicicus transi­
tion ).

Fam ily Plec todi nidae SWEET, 1988

Diagn osis . - The tr and pi eleme nts wi th a redu ced inner process, all the eleme nts sha rp ly
denticulated , the ne ones havin g a straig ht, usually dent icul ate inner proc ess and long cusp, inc lined
to it (cy rtoniodontiform, rarely oistodontiform) .
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Genera included. - Microzarkodina LINDSTROM, 1971 , Plectodina STAUFFER, 1935, Aphelogna­
thus BRANSON, MEHL et BRANSON, 1951 , Bryan todina STAUFFER, 1935, Scyphiodus STAUFFER, 1935 ,
Oulodus BRANSON et MEHL, 1935.

Ge nus Microzarkodina LINDSTROM, 1971

Type species: Prioniodi na f 7ahellum LINDSTROM, 1955.

Diagnosis. - Minute, fla t, sha rp ly denticul ated e leme nts wi th radial or ientat ion of denticles with
a low co ntributio n of the white matter. The ne eleme nt undent icul ated , with a proclined cusp shorter
or similar in len gth to the inner process; the tr-pl eleme nts with a short und enticulated intern al
process.

Microzarkod ina oza rkode lla LINDSTROM, 1971
(PI. 24 : 5-9; Text- fig. 3 1c)

1971. Micro zarkodina ozarkode lla sp. n.; LINDSTROM, p. 59, PI. I: 15- 17.

1963. Ozarkodina sp.; SPASSOV and TELLER, p. 79, PI. I: 7.

1976. Microzarkodina ozarkodella LINDSTROM; DZIK, Text-fig . 35i-1.

1978. Micro zarkodina ozarkode lla LINDSTROM; LOFGREN, p. 62, PI.I I: 37-47, Text-fig. 27C-G .
Type horizon and locality: Boda Hamn drilling core 27.74-27.79 m (Kundan, Arenig/Llanvirn boundary), Sweden.

Diagnosis. - The sp and oz e leme nts wit h typically two to four denticles on their ex te rnal
processes, the denticles decrease in size in di stal direct ion from the cusp (mo dified afte r LINDSTROM
1971 ).

Remarks. - The apparatus of the spec ies does not di ffer fro m other species of the genus (DZIK
1976), and the most diagnos tic is the denticul at ion of elements of the " platform" series .

Distribution. - Strat igraphic and geograp hic distribut ion of the species in the Balti c region was
presented by LOFGREN ( 1978). In the lowerm ost part of the M6jcza Lim estone ( 1.2-0, 9 m below the
di scontinuity) the ancestor of M . ozarkodella, that is M . hagetiana STOUG E et BAGNOLl, 1991 , may
be present. Th is is suggested by more acute ex terna l bases in rare ne e leme nts. Regrett abl y only a
sing le juven ile elemen t sp was found at this level (sa mp le MA - 122) which makes ident ificat ion not
ce rtai n. Undo ubted M . ozarkodella appears 0.7 m below the discont inu ity and occurs up to it.
Specific all y und eterm inabl e specime ns of Microzarkodina appear again 2 m above the discontinuity
(E. robustus Subzone) . They do not see m to be rework ed .

Family ?C h irogna t h idae BRANSON et MEHL, 1944
Ge nus Spin od us DZIK , 1976

Type species: Cordylodus spina tus HADDl NG, 1913.

Diagnosis. - All the eleme nts of the appa ratus wi th few, but ve ry lon g denticles with rounde d
cross sec tio ns , the ir size and shape bein g similar to the cusp.

Remarks. - Th e relation ships of Spi nodus still remai n obsc ure . Its most pro bable ances to r is
Erraticodon, which shows a similar shape of the eleme nts and organization of the appa ratus . Some
forms from the Marath on sec tion of Texas may appear transit ional between these ge nera.

Spinodus spina tus (HADDING, 191 3)
(PI. 24 : 22-25 ; Text-fig. 32)

1964 . Cordylodu s sp inatus HADDlNG; LINDSTROM, Fig. 27A-D.

1976 . Spinodus spi natus (HADDlNG); DZIK, p. 424, Text-fig. 2 1c.

1981. Spinodus ramosus (HADDING); NOWLAN, p. IS, PI. 4: 18- 19.

1987 . Spinodus spinatus (HADDlNG); BERGSTROM and ORCHARD, PI. 2.2: 1, 4.

Type horizon and locality: Lower Dice llograptus shale, upper part of the section Fagelsang EIS, Skane, Sweden.

Diagnosis . - As for the genus.
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Fig. 32.
Apparatus of Spinodus spinatus (HADDlNG, 19 I3).

Remarks. - LiNDSTROM (1964) proposing his appara tus recon struct ion made it clear that HAD­
DlNG'S Cordy lodus spinatus and C. ramosus represent the same spec ies. The former name was chosen
by LINDSTROM (1964 ) as valid for the apparatus spec ies and myself (DZIK 1976 ) for the type species
of the genus. There is thus no need to replace it with the latter one, as proposed by NOWLAN (1981 ).

Among broken specimens from M6jcza no tr one have been found. In an attempt to recon struct
its apparatus (Text-fig. 32) I used also data from the Balt ic Ordovician and from the literature.

Distribution. - Distribution and range similar to Periodon aculea tus. Occurs sparsely in M6jcza
from the discont inuit y up to 1.0 m above the benton ite (A. tvaere nsis) .

Suborder Ozarkodinina D ZIK, 1976

Diagnosis . - Erect cusp and arched innn er process of the ne elemen ts.

Famil y Spathognathodontidae HASS, 1959

Diagnosis . - The sp , OZ, and pi eleme nts blade-like , the tr element biramous.
Remarks . - All the post-Ordovician Ozarkodin ina are characterized by the uniform morphology

of the ne element s, basically different fro m that in their Ordovician relati ves. I consider any inde­
pend ent acquisition of this character by the spathognathodontid and hibbardellid lineages highly
unlikely; this is why Oulodus is here included in the Plectodinidae.

Genu s Yaoxianognathus AN, 1985

Type species: Y. yaoxianensis AN, 1985.

Diagnosis. - The ne elements with internal process strongly denti culated, denticles orientation
parallel to that of the cusp.

Yaoxianognathu s? sp.
(PI. 24: 2 1, n O)

Remarks. - A single hi element of an oza rkodinid morpholo gy was found in the topmost strata
of the M6jc za section. Another enigmatic specime n from the same part of the sec tion (DZIK 1978 : PI.
15: 4; here PI. 24: 20) may possibl y belong here, although it may quite well be an ne element of A .
ordov icicus preserved more compl etely than usual.

Distribution. - The Zalesie Formation at M6jcza, Ashgill.
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TABLES

Frequ encies of conodo nt elements in samples fro m outcro ps of the Ordov ician in M6jcza (MA) , Mie dzygorz (MG)
and Za les ie near Lag6w (ZA) and from the boreh ole Za les ie 1.

A. t vaerensi s Zor..e A. ordairioicus Zone

zalesie 1 : 217. 5m 215.lm HG- l 2 ) 4 5 6 8 9 10 11 ZA-2
215. 5m

Pseudooneo to dus 1 2 1 1 2

S. pese lephantis 10 9 1 2

Co rn uodus • 8 3 5.I

Dapsilodus mutatus • 5 25 20 26 84 29.I --
Scobbardel.la al.t ipee 3 • 2 4 2 1 115 .16 40 163 374.I

Straahanognat hus parvus 3

Walliserodus nakho lmenei-s 2 1 1 27 2 1 7 8

Panderodus sp , 10 1 1 5 4 13 4 1.1 6

Semiacontiodus longiaostatus 1 E! 1

D. robustus 3 2 10 ? ?

P. graei 2 2 /

Protopanderodus liripi pus 2 13 1 6

PaUr;;dus? ven us tus 2 1

Drepanoistodus sub ereatus 3 1 1

Bal.toniodus ? 1 4 7 1

Amorphognathus 8 36 2 , 158 7 2 35 43 .4 ;, 76

RhodEsognathus 1 1

Compl exodus pugioni fe r ? ? 6

Hamarodus brevirame us 27 1 13
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I Lenodus oar-iabi.l.i e Zone

IMA - 117 33 34 u s 35 120 12:' 36 57 12 ) 30 1;>,\ 1:!5 126 127 128 129 150 131 It. i~ 1

We stergaCIl'dodina bieuepidata 1 1

Scolopodus peseZephantis 2 1 14 19 52 05 13 36 35 9

PoZonodus 1 3 10 2 1 1 1 2 2

Corn uodus ne 2 1 1 G l~l 3 ,~ 5 38 49 25 54 A 10-r

Zongibasi s hi 1 1 ;, 11 e 13 11 12 1 1

ke- s p 4 1 2 12 2 ; ~ ~j 36 16'i 73 1i8 2 5T1 l Ub tl'{ 2YJ w 2 ',0

DapsiJodus ne ~. 3 55 I; l 16 13 2'{ 5 1&
v'l-1'Uensis hi ;; ') B 02 ] 1\ 8 56 19 85 0 28- s p

WaZZiserodus ne 1 1 2 3 :\ 1 1:: ,1 50 25 71 16 50 j O ?:-' 3 1 ~; t,. 15
costatus

hi 1 1 1 ;; 2 1 7 3 16 6 ;; 2 34 , ",. J . L

ke-sp 1 3 25 39 11 'It) 76 15 U 22 ;J 13
Semiacontiodus hi 1 20 57~, 71 7 /) 19 le 9 27 20 0

cox-nufoxmie
tr 3 49 4 15 4 1 2 ;; 2 1

D2'epanodus ne 1 1 1 1 2 4 ') VI 22 14 4 20 10 10
kieZcensis

pl - t r 1 1 1 ,) 7 ,; 1 10 2 10 50 12 10 31 154
s p-oz ke-hi 1 2 1 3 1 U 14 61 38 139 2 3) 67 27 93 rs 46

D2'epanodus ne 1 2 3 1 1 2 1 - 6 1 1 /1 1 ..1 15 ;; '{ j 2 20
arcuatus

pl - t r 2 1 1 5 1 '( ,) 1 7 2 10 J" 2<) 1 7 5 16 5 ;> :, ,~ 3. /

s p- oz ke- hi 6 5 4 14 5 10 13 20 1,\ 6 7 :\u 213 t o,' 150 250 117 t~6 137 63 25)0

Protopanderodus sne 1 1 1 3 1 1 2 5 3 41 57 /;3 67 36 10 ~1 3 17 36
r ectus hi-tr 2 1 2 5 1 4 2 4 6 10 9 18 181 258 489 558 221 87 305 101 u o

sp-oz 2 ;> 9 39 48 55 50 30 I II t)4 11 46

FTotopande2"Odus ne 1 9 11 '( 2 5 7
gro ei hi-tr 6 2" c- u; 13 i o ;)t) 12. , .I .".

sp- oz '\ 6 1 10 1 ~~ '~

FTotopanderodus . n e G '7 1 '( t)
gradat us hi - t r .'~ 1 \ 1 55,'./

sp -oz ;> ? [~O

Dr>epanoistodus ne 12 3 3 5 3 " 4 6 9 10 11 55 165 29 66 5'/ 52 23 64 14 14L

baeiooald-e hi
11 3 3 11 9 9 16 25 ,, 1 ?J 26 90 159 69 203 166 76 Hi 63 36 46-sp

t r 6 1 3 3 5 1 t) 5 1 6 13 t)1 10 22 15 l a 5 18 3 9
Pal.tiodus ? venus t us /1 2

Tr>ipodus? 3
Phragmodus ? ne 3 5 3 2 3 3 ') li 5 ? 6 lOG 31 " '2 2 '~

crossuZus
r:

PhI'agmodus hi 1 1 1 'ro 10 '? 1
po Zonicus ke 4 2 2 1 1 1 26 11 2 1

pI 8 1 1 6 1 6 1 '? 98 27 '5 1 1
tr 1 2 3 5 2 1 36 G ?

oz- sp 11 8 4 15 1 2 2 '{ 1 6 '{9 20 3 1
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I Lenodus variabi lis Zone

IMA - 117 33 34 118 35 120 122 36 37 123 38 124 125 126 127 128 129 130 131 14 41
Bal/toniodus ne 17 5 16 21 13 23 27 46 83 12 46 55 561 195 395 434 167 132 372 58 194

pawidentatus hi
24 8 21 23 9 18 16 38 38 6 15 36 168 72 48 172 94 53 163 72 102

ke 16 4 7 7 6 8 4 9 26 1 13 13 37 17 25 29 13 14 30 12 50
pI 28 5 26 23 14 38 30 35 59 16 26 60 250 69 234 316 150 110 254 46 97
tr 5 3 1 6 2 'I 10 15 2/t 7 12 22 6tl tlO 72 75 tl5 z r; 101 3 45.-'J

oz 36 9 12 27 7 48 26 tlO 107 (J 66 50 169 162 339 365 1tl'; Tt 206 I II 363
sp 10 8 8 15 6 16 4 15 32 4 35 22 33 20 76 116 85 39 142 22 209

Lenodus ., ne 1 1 1 ? 5 6 14 1 2 3 1 9 1 1
variab-z.l:z.s

3 2 2 15 3 1 2 2 2 1 3Eop~acognathus hi 2 1 4
zgierzensis ke 1 1 1 3 8 3 12 5 2 4 10 ? 2

pI 5 2 3 1 1 1 1 6 4 5 3 3 2 ?

tr 1 1 1 1\ ? 1 3 1 1 1 ?

oz 30 12 25 22 7 44 11 26 6~~ 19 56 l aC I II 26 87 55 10 17 47 14 64

s p 6 8 4 5 7 2 '/ 2 e J ) 1 6;- 15 2~) 31 13 tl 31 3 6

Sagittod!:mtina ne 2 2
kie~censis hi 4 1 1

ke 1 1 3 1

pI 1

t r 1 1 1

oz :5 3 6 37 6 24

'Bp 2 4 4 4 17 HJ

Histiode~~a kristinae 1 1 1 14 2

Microzarkodina ne 1 .,
[~ 155 20 41 11 ;; 7 3B :5~

ozarkode l/la hi 1 4 .L 1

pI 1

tr 2 1

sp -oz 1 3 27 10 ID 5 1 1\ 26 4 1
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I EopU7cognathus robustus Subzo ne Eoptacognathus tindstroemi Subzone

IMA - 42 15 .1) i!1j ·15 16 46 47 48 10 49 50 17 27 51 52 54 55 56 8 57
soolopodue 1 4 2 12 1 14
Pseudooneotodus mitratus 1 ;> 2 1 1 7 4 1 2
Cornuodus ne 11 5 ) 4 19 2 ? 7 3 3 7 2 2 2 eo 7 4 3Lonqibasie

hi 3 1 1 ? 2 1 4 2 5 3 1
ke - sp 26 8 20 77 102 17 ? 40 18 34 83 33 19 29 20 268 120 38 12 7 24

Cornuodus ne 15 1 1
bergs t roemi

hi 28 1 1 1

kc-sp :202

Daps~ lodus , ne 2 1 5 zi 1 105 9 14 16 46 6 8 19 1 23 20 7 6 4 29
vt.rtlenS1-S

hi-s p :2 1 1 11 119 402 63 77 57 184 32 13 67 5 91 83 25 11 29 66

WatUserodus ne 2 5 1 6 3 1 3 5 1 2 2 1 1 1
ethingtoni hi 2 2 2 1 2 1 1 1

ke-sp 4 3 2 11 3 2 2 5 2 2 2 3 4 1 3
WaUiserodus ne 3 1

izakhotmensis
hi 2

ke- sp 1 1 1 1 4 2 1 1

Panderodus eul.catus 1 16 82 27 15 69 43 12 55 25 167 77 49 14 17 106

Semiacontiodus hi 2 4 ? 14 34 5 26 8 14 35 16 20 12 6 7 8 4 8 4
lonqicos tatius

'? 1 3 1 2 2 1 1 1 1tr

Drepanodus ne 2 ? if a '? 2 2 1 4 7 9 32 12 5 5-'
robustus

3 3 5 13 15 7 52 5ol - t r j 3 14 1 14 15 2 4 1 11

sp-oz ko-l:i 5 8 2 14 19 3 54 16 11 5 27 12 15 15 5 55 63 32 11 3 31

Drepanodus ne 1 1 1
santacrucensis 1pl- tr

sp-oz ke-hi 1 1

Strachanognathus parvus 4 483 41 12 20 4 2 18 3 9 19 14 18 1 22 21

Protopanderodus ne 5 3 1 El 16 3 12 2 3 4 2 2 1\ 6 4 3 9
rectus

? 6 6 2 5 5 20 15 11 16 19hi-tr 10 "( 5 25 101 5 10 ?

s p- oz 3 6 5 2 1 4 5 1 4 4

Protopanderodus ne 1 5 132 3 3 9 4 5 3 1 13 3
graeai

hi-tr 1 ? 9 29 3 570 62 15 85 33 34 18 12 2 57 10 2

sp -oz 4 40 2 2 1 2 ? 2 1 3 1

Probopandero dus .ne 1 3 ? 3 3 1
gradatus hi - tr 3 7 7 3 2 1 4 1 1

np- oz 1 1 12 11 1 2 ?

PaUodus ? ne 2 11 3
semisyrrme tric~ 1 1ru

Drepanois todus ne 3 2 6 12 2 72 11 6 4 11 3 12 8 2 43 74 31 5 25 66
suberectus 1 . 12 11 5 1) 39 1 303 14 16 14 10 10 37 1'1 7 167 151 105 38 57 294ll - Sp

tr 2 2 1 1\ 1 28 2 1 1 6 1 5 2 1 17 24 8 4 10 26

Eoner;prioniodus 1
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I EOpLacognathus ~obustus Subzone Eopl.aooqnatihus Zindst~oemi Subzone

I/'lA - 42 15 43 41, 45 16 46 -17 48 10 49 50 17 27 51 52 54 55 56 8 57
Phraqmodus ne .. ? 5 -, 1 2

poZonicus
hi. 2 2 1

ke ?

pI 2 4 3 1

t r 3
sp-oz 1 2 6 4 6 2 1 2

Bal.to ni odus ne 28 23 5 21 84 8 463 37 19 47 58 20 14 16 4 151 63 25 8 13 61
p~eva~iabiJ~~hi 39 ;'1 2' le 96 to 659 23 8 62 32 14 16 29 3 122 55 29 7 5 30

pl 55 23 16 29 75 633 41 6 6S 33 11 6 14 7 133 56 ?-7 6 14 33
t r 14 9 5 3 36 3 206 i.0 4 32 13 3 2 7 1 47 29 27 3 4 15

oz 21 20 17 16 1) 3 8 742 25 16 190 43 21 20 48 7 168 59 55 17 21 26

sp 10 7 9 1 96 522 23 10 72 34 14 13 21 4 130 34 4 1 20 S 20

Sagi ttodontina ~e 3 2 1 3 2 11 3 ? 1 2 8 22 21, 2 5 7
kidcensis

5 1 4 3 1 6 4 1 2 1 1 11 16 16 1 6 2hi.

!\.c 1 , 5 16 1 2 12 15 12 1 ? 1/

p1 4 1 2 3 1 4 8 / 1 5 4

t1" 11 7 ? 1 4 2 6 2 6 1

oz 3 2 3 2 22 2 'j 3 2 2 3 11 , z 31 46 10 18 15- -'

sp 5 2 1 5 4 43 8 1 1 1 2 21 ,>' 41 66 29 14 23LD

- .- --
Cahabagnat hus Cl: 3 3

?l"O to~osus
sp ? ? --

EopLacognat hus oz 1 1 L 1 30 8 39 6 5 3

I
- 22 2 5e 8 (; ~ ~ 3

l"Obus t us 6 6iinastr;oemi ~:;:. z - 1 ,. 21 7 69 15 4 t. 7 ;l .5 71 2 5 8

~
-_. --

Pygodus hi.-t. 1
seJ'Ta oz 2 2 1 1

s;:. 2 1 ,..- _. -
Spinodus srr~natus 1 ;: 3 2 7 ? 1 1_1 1 1 1 1

,

11i cr'oza~kodina ne 2

~
;:01 1

-
?eroi odon aoul.eatius 1 1 1

- 2Comp lexo dus =? ori.qi.na l.ie
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I Pygodus anse rinus Zone A . tvaerensi s Zone

IMA - 58 59 60 26 18 62 63 64 65 66 7 67 be 19 69 70 71 72 73 7!, 75
SaoZopodus pese Zephantis 1 1 3 1 1 2 57 37 4 4 11 54
Peeudao neo to dus 1 1 '5 2

Cornuodus ne 2 1 2 1 1 1 1 14 23 6 23 6 2 3 12 17
lonqibaeie

hi ;> :; 6 1 ;> 1 1 1

ke-sp 3 2 2 9 12 14 6 56 47 79 4e 217 9f3 7 14 'r6 71

Cornuodus ne 1 1
bergstroemi

hi 2 i iJ

ke-sp '5 10

DapsiZodus ne 4 5 1 1 1\ 7 3 1 :<0 ~? 26 14 10 40 i s ? 1 4 2
viruensi s

36 26 6 H;hi -sp 9 1 3 28 21 31 92 2 52 5a 37 181 131 4 3 8

Saabbarde ZZa aZtipes 1 19 5 3 6 14 30 33 34 138 ~,3 1 If 10 21
SaaZpeUodus viruen sis 1 3
WaUiserodus ne 5 1 3 1 1 1 < 3 1 1

ethingtoni
hi 1 1 1 1 3 2 1 1 2

ke-sp 4 4 1 1 3 1 ? ] 1 3 1 '5 6 4 3 5

WaUise)'o dus .ne 1 2 1 J 2
"' nakhoZmens1-~i 2

ke-sp 1 2 1 !, 1 2

Pandetodue 85 127 34 12 30 203 57 34 44 119 32 43 89 M7 '("2. 301 137 38 45 217 I II

Semiaaontiodushi 22 24 5 5 18' 13 4 5 11 14 16 9 16 15 2 14 10 s 2 11 2
,Lonqicoetatus

tr 2 2 1 1 2 1 3

Drepanodus ne 5 7 2 3 3 1\ 2 4 :; 7 9 ·1 11 3 4 11 12 3 4 2 4
robustus

6 6 7 t) , 26 9 5pl-tr 14 8 7 2 5 1\ 10 II .1 4 I , 4

ap-oz ke-hi 22 39 6 9 31 40, 6 12 50 54 ) ') 39 27 59 16 9n 61 1:; 18 63 76

Drepanodus .ne ,
santaaruaenS1-S

::;pl - t r

sp - oz ke-hi 1 1 2
-.1

Straahanognathus 10 156 7 9 20 65 1 :.' 2;11 1?5 1;; 12 ~!

Prot opanderodus ne 8 13 3 2 7 3 4 ;! (J

reatus
36hi- t r 30 4 8 17 3 37 '5 ;~ 3 I)

sp-o z 12 9 1 2 5

Protopa1}derodus ne 7 2 1 2 18 10 12 19 11 2 2 '5 5
grae1-

hi-tr 21 9 2 1 9 4 2 62 41 1 ~13 TT 2 "2. 32 10

sp-oz 3 1 1 3 1 / 13 2 2

Protopanderodus ne
variaostat~t t r 2 1 1

sp -oz 1 1 1
Drepanoistodus ne 42 12 3 3 :; 40 14 6 I) n 5 ') 5 2 1:> 5 2 1 2 2

subereatus
89 42 7 10 131 28 12 15 43 M 15 5 16 2 18 16 3 ? 3 5hi-sp 8

tr 9 9 1 5 2 10 6 1 2 4 2 1 3 1\ 1

Pal.todus ? venustus 1 19 16 1 s 6 2 7
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I Pygodus ans ePinus Zone A. tvaerensi s Zone

IMA- 50 59 60 26 18 62 63 61\ 65 66 7 67 60 19 69 70 71 72 73 74 75
Phragmodus ne 1 ~ 2 30 2 2 4 9,;

po ~onicus
hi ;? 1:" 1 4 6
ke .5
p I 1 3 2 ? 10 7 1 5 1
tr 2 2 3 2

s p- oz 3 2 2 1 1\ 9 3 12 1
BaUoniodus ne 56 58 2 6 12 31 11 7 10 32 17 12 50 79 16 53 39 8 2 19 20

prevaPiabi U s .
53 54 3 6 13 20 11 2 4 5 5 9 35 72 13 54 40 8 4 11 12vaPiabi Us ke- h~

pI .56 41 5 16 16 8 2 8 14 8 7 42 42 20 56 49 2 5 13 17
tr 19 19 5 7 9 J. 2 4 3 3 12 16 11 21\ 25 1 2 15 10

oz 54 se :-; '1 21 1,4 9 5 16 J.tj 16 15 42 B6 23 63 37 4 6 10 16
'Jp 32 2U 6 7 18 9 1 4 9 6 B 24 40 14 20 34 7 3 3 8

Sagittodontina ne 6 1 ~l 5 11 20 16 5 5 6 t Rhodesognat hus
kie~censis hi 3 1'7 3 6 J.l 22 4 .5 3 1 J. inaequaU s

k e 12 21 3 21 22 9 .5 4 .5 2 1
pI 6 1" 1 6 5 4 6 5 1 2,-

t r 0 22 23 2

oz 11 40 7 10 38 25 10 7 6 2 6 1 1 2
s p 45 58 5 5 45 62 21 12 23 2 29 2

Amorphognathus ne -r 1 1 1 4 10 1 35 15 4 3 24 13,)

t vaere nsis
hi 1 0 2 13 8 2 6 11 9
ke 2 1 1 8 1 13 6 2 1 7 6

pI ? 2 6 3 1\ 6 10
tr 1 7 3 ?

oz 6 5 1 1 3 10 2 2 7 7 2 1 12 34 8 52 36 9 11 61 30
s p 7 9 2 1 3 6 1 2 3 5 2 5 25 7 55 39 7 17 50 42

Eoplaooqnazhus oz 4 1 1 ? 1
elonqabus

5 4 ?sp

Pygodus hi 1 2
anserinus

2 1 3 1 1 1oz 1

sp 1 1 1 1 1 1 1 3 2

Spinodus spinatus 2 1 2 2 2 2 1
Periodan acu~eatus 1 2 1
Oompl.ex odue ne ? 4 3 1

originaUs
hi 1 2 2 6 1 1

ke 1 9 7 1

pI 1 ? 1 6 1 2 1

tr 1 1 1

oz ;: 1 .5 2 ? 2 2 2 18 3 19 7 3 3 11

sp 54 9 .5 1 2 21 7 G 5 8 23 38 103 126 28 88 85 23 14 34 19
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I Amorphognathus tvael'ens is Zone A s upel'bus Zone

l1"lA - 76 6 77 78 79 80 :; 52 83 84 65 20 G~ 87 Be 14/ 5 89 90 91 92 21

SaoZopodus 11 7 2 14 6 :; 3 82 4 l UO 145 s i 2 5

Pseudooneotodus :2 1 1 - ~.

Cornuodus ne a 2 ' 4 3 5 2 2 1 1 2
longibasis

hi 1 1 1 1 2

ke -sp 28 6 6 3 7 14 6 13 1 17 5l 6 e 16 13 2 21 2 8

Cornuodus roe 1
bel'gst1'Oemi

ke-sp 2

Da:ps i lodus ::e " 1 3 4 1 ,
4 15 mutatus 6

vil'uensis .- -' "
hi - sp 7 2 6 10 13 2 4- 1 6 52 '. ? 53 ?-'

Scabbarde Zla aZtipes 2 ~ 2 " 6 6 9 10 39 6 16 32 17 3 5 79 3 33c

WaLl.isel'odus ne 1 1 8 ? 1 9 5 7 5nakhoZmensis
hi 3 2 3 1 4 1

~e - sp 2 5 " 14 3 16 6 10 1 6

Pande1'Odus suZaatus 11 4 4 2 1 22 2

Semiaaont iodus hi 10 4 1 !, 3 2 12 S' a s 1 2 4 2
Lonqi cos ta tus

t r 1 1

D1'epanodus ne 8 2 5 3 2 7 1 3 1 6 5 4 5 1 1 1
l'obus tus

p1-tr 10 2 2 1

sp- oz ~: e- hi 95 47 52 26 35 31 Z7 14 1 30 57 56 41 110 56 20 2

D1'epanodus ne' 1 - :2 2 1 2 1 2
santaaruce nsi s

2 2 4pl - t r 2 ,; 4 1 4

5 ;"- 02 ,-:e-hi 9 1 1 1 4 9 3 4 2 1 39

St l'aahanognat hus ' 1 , -r ? ' 5 32 5 96 7; 2 15 4 7 2 tG~ 5- f .. : " ,

?1'otopande.1'Odus ne 1
g1'2e1-

'oi - t r ? 1 ?

Dl'epanoi s t odus ne 1 1 2 2 1 1 1 2 1 2 2
suberect.us

-t 2 2 1 1 1 ? , ,
6:-:;' - 5 ; I '. D

tr 1 " 1 - 1 2 - 1 2 1 1

P ? venustus ne 1 3 4 c' 1 ; 3 j 2

Phraqmodus poloniaus 1 1 ?

BaZtoniodus t !.e S 2 2 :; " 1 7 9 le 12 7 12 20 12 1 J 7 2c

»ar-iobi:Zis
a iobati us ke - :-~i lC' t. z 1 4 1 6 17 16 l a -:) u ;·2 9 1 l5 1

~ l 16 !i 7 1 L :2 :; 12 1 6 1 1 ') le. 10 6 5

tr 7 1 2 , 2 l:. 2 - .~ l• - 5 .-- , /

cz 15 'l ( , ;> ? 1 9 ;; 2 15 -, c 2C 21 9 1 1 ~6 ?

sp 6 2 - " :; , 1; - L ~3 12 3 1 1 1 ? ?

Saaittodontina n e ? r-ob us i a 1
- he l aensis ,

k e -

p l 2

". 6

cz 1 ? ? II ?

, ? 0 2Si' - -'
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I Amorphognat hus t vaerensis Zone A s uperbus

I MA - 76 6 77 78 79 80 5 8? 83 84 05 20 86 u? (if! 4/5 8) 90 91 92 21

Rhodes ognathus ne pol onicus 1
.,

21.J

inaequaUs hi 2

ke 4
pl 5
t r 2 ~

.J

oz , 3 96
sp 1 2 62

Amorphognathu!l ne 17 8 1, 6 18 26 8 17 2 15 1~ 9 ,2 55 12 1 1
t vaerenS1-S

6 6 16 1 3hi 7 1 1 11 2 12 17 3 11 19
ke 8 1 4 10 7 5 · 5 1 7 16 2 7 16 4

pl 5 1 ·5 , 8 9 1 3 1 10 7 1 6 lJ.J

tr 2 2 1 4 9 2 6 12 15 3 4 20 2 1 ?

oz 99 8 42 26 85 122 86 43 2 134 200 136 153 323 111 10 2 1 ? 3

sp 11 ,1 , 9 27 59 85 74 49 5 31 178 53 77 140 45 , 2· 1 2 1

Eopl acognathus oz 1 1 1 2 1 ?
e longat us

? 5 2 1 3 ;~ 2sp

spinodus ·spi nat us 1 2 2 1 1 1 1

Pex-iodon aauleatue 1

compl.exodus ne 3
pugionifer hi

1 1

oz 2 2

sp 13 6 3 0 1 23 1 13 27 1
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Amorphognathus superbus Zone Amor phognat hus ordo vicicus Zone

HA - 93 24 94 95 25 96 22 97 98 99 4 100 101 10 2 2 5 104 10 5 10 6 2d 108 2

ScoLopodus peselephantis 2 ?

Pseudooneotodus 3 2 3 6 ? 2

Cornuodus ne 1 :5 2

Ilongi basi s
hi 43 1 17 t, 1 1

ke-sp 2 1 1 1 - 5 ? "

Dapei.lodue ne 6 1 36 ?j 21 ;~ S J. 3
mutiaiius

hi -sp 8 1 1 If 1 . ; 1 W 58 57 23 5»

Scabba rdel.la 46 5 16 302 504 183 5 14 5 56 39 15 150 135 342 156 171 510 434 168 520 294

Walliserodus ne 14 1 14 4 2 6 9 2 4 1 3 3 1 4
nakholmensis

hi 7 12 2 5 3 2 5 1 1 5 1 2 2 2 3 2

ke-;sp 25 3 24 4 3 9 6 15 7 :5 5 ') 7 1 l> 2 2 3
Panderodus sp , 21 1 7 G 2 5 8 G 1 5 1 33 il:! to ? 4 15 21 1'/ 13 1

Semiacontiodus 1

Drepanodus Bp. 1

Strachanognathus 19 4 1

Protopanderodus liripipus 2 :~ 1 9 1

hi-Bp 3 1 4 ;> 2 If! 10 14 3 3

Drepanoistodus ne 6 2 4 2 1 1 1 2 1
'suberect us

hi-Bp 25 2 10 2 3 1 1 1 2 7 4 1 1

tr 1 1 1 1 1 1 1

P? venustus ne 1 2 1 1

Bal to ni odus ne 8 !\ 1 1 5 2 G 1
alobatus

kc -hi 1 3 :5 1 /1 3
p I 2 1 5 5

"L r 1 1 "

oz 4 2 5 1 2 6 2

s p 1 1 2 1 2

sagi ttodontina oz 1 2 1
robus tia

2 2s p

Rhodesognathus ne I 'll 7 68 9 2
polonicus

hi 58 4 19 10

ko 54 3 12 '\

p I 45 1 1'1 .,
"

t r t; ') ) 26 4/-

oz 508 20 270 ao 10 1 6

sp 236 19 40 22 3 1 ;>

Amorphognathus ne 4 4 3 2 2 4 2 1 1 1 1 1
superbus

hi 1 2 1 1 1 2 2 1 3 3 5ordavicious
ke 1 1 1 1 5 3 4 3 1 2 1 1 2

pI 1 1 1 2 , 2 2 2 2 2 1..
tr 1 3 1 2 2 1 1 1 2 2 2

oz 38 2 2,~ 19 II vt 17 13 , 5 4 1 3 16 12 :; 1

sp 63 17 16 -1 I B 16 19 5 1 3 2 xt 12 6 2
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lA superbus Zone Amorphognathus ordovicicus Zone

IMA - 96 99 .: l OC 101 102 2) l C4 105 le 6 2d 109 2 l C9 110 111 112 113 114 115 p'~o

Ieriodel.la prominens 2 .L £ Ior-iode l/la s p, 2 1
Hamarodus ne 3 30 5 15 22 la 6 10 82 29 1 9 12 6 6 17 20 53 24 3i 26

brevirameus
hi 3 7 3 15 4 16 2 5 45 15 12 4 4 4 15 18 31 5 6 7

pI 2 4 1 2 3 1 1 2 1 12 2 2 3
tr 1 1 1 1 2 3 2 2 5 2

s p- oz ? 6 2 17 5 6 1 7 57 16 2 6 1 9 4 14 13 68 3 19 15

Ozarkodina? sp , 1

ScoZopodus 2 32

Pseudooneotodus 1 3 1

Cornuodus ne-hi
Zongibasis

1 1 1 1ke-sp

DapsiZodus ne 11 5 3 3 12 2 6
"mutatus

16 27 153 17 53 18hi - sp 11 48

Scabbard e Zla 367 283 246 2651059 310 558 692

waZZi s erodus ne 2 1 ~

c:
nakh o Lmens ie

1 1 3 2hi 2

k fr-sp 3 2 3 2 5 1 6 2

Pandero due sp , 6 4 2 10 2

Drepanodus 1

Drepanoi s t odus hi 2

tr 1

BaZto niodus t = 1

Amorphognat hus ne 3 1 3
ordovi ci cus hi 1 1 2 2 1 3 3

ke 3 1 1 1 1 3

pI 2 1 1 5

t :::- 1 " 1 3 11

oz 2 1 1 5 6 1 16 34
sp <1 1 3 9 s 2 10 27
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PLATE II

Scolopodus peselephantis LiNDSTROM, 1955 60
Fig. 1. Specimen ZPAL CVI/679, sample MA-128.
Fig. 2. Specimen ZPAL CVI/680 , sample MA-128 .
Fig. 3. Specimen ZPAL CVI/682 with dissolved basal parts, sample MA-86.
Fig. 4. Specimen ZPAL CVI/683, sample MA-87.
Fig. 5. Specimen ZPAL CVI/68I , sample MA-86

Pseudooneotodus sp. . 55
Fig. 6. Specimen ZPAL CVI/678, sample MA-113.

Pseudooneotodus mitratus (MOSKALENKO, 1973) 55
Fig. 7. Specimen ZPAL CVI/677 , sample MA-54 .

Cornuodus longibasis (LINDSTROM, 1955) 61
Fig. 8. Element ne ZPAL CVI/618 , sample MA- 128.
Fig. 9. Element hi ZPAL CVI/617, sample MA-128.
Fig. 10. Element pi ZPAL CVI/620, sample MA-128 .
Fig. 11 . Element tr ZPAL CVI/62 I, sample MA-128 .
Fig. 12. Element oz ZPAL CVI/622 , sample MA-128.
Fig. 13. Element sp ZPAL CVI/623 , sample MA-128.

Cornuodus bergstroemi SERPAGLl, 1967 62
Fig. 14. Element ne ZPAL CVI/630, sample MA-46.
Fig. 15. Element hi ZPAL CVI/629, sample MA-46.
Fig. 16. Element pi ZPAL CVI/63I , sample MA-46.
Fig. 17. Element tr ZPAL CVI/633, sample MA-46 .
Fig. 18. Element oz ZPAL CVI/632, sample MA-46.
Fig. 19. Element sp ZPAL CVI/634, sample MA-46.

Dapsilodus viruensis (FAHRiEUS, 1966) 63
early form:

Fig. 20. Element ne ZPAL CVI/549, sample MA-41.
Fig. 21. Element hi ZPAL CVI/548 , sample MA-4 1.
Fig. 22. Element pi ZPAL CVI/547, sample MA-41.
Fig. 23. Element oz ZPAL CVI/546, sample MA-41.

late form:
Fig. 27. Element ne ZPAL CVI/551 , sample MA-46.
Fig. 28. Element hi ZPAL CVI/550, sample MA-46.
Fig. 29. Element pi ZPAL CVI/553, sample MA-46.
Fig. 30. Element oz ZPAL CVI/552 , sample MA-46.

Dapsilodus mutatus (BRANSON et MEHL, 1933) 64
Fig. 24. Element ne ZPAL CVI/555, sample MA-91.
Fig. 25. Element hi ZPAL CVI/556, sample MA-91.
Fig. 26. Element pi ZPAL CVI/554, sample MA-9 1.
Fig. 31. Element ne ZPAL CVI/561, sample MA-lOO.
Fig. 32. Element pI ZPAL CVI/560, sample MA-lOO.
Fig. 33. Element hi ZPAL CVI/559 , sample MA-lOO.
Fig. 34. Element ne ZPAL CVI/557 , sample MA-93.
Fig. 35. Element pi ZPAL CVI/558, sample MA-93.

Scabbardella altipes (HENNINGSMOEN, 1947) 64
Fig. 36. Element ne ZPAL CVI/562, sample MA-93.
Fig. 37. Element hi ZPAL CVI/564, sample MA-93.
Fig. 38. Element oz ZPAL CVI/563, sample MA-93.
Fig. 39. Element pI ZPAL CVI/565, sample MA-93.

All illustrations x 80, except when otherwise stated .
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PLATE 12

Walliserodus costatus D ZIK, 1976 56

Fig. I. Element ne ZPAL eVI/600, sample MA-128.
Fig. 2. Element hi ZPAL eVI/599, sample MA-128 .
Fig. 3. Element pI ZPAL eVI/597, sample MA-128.
Fig. 4. Element oz ZPAL eVI/598, sample MA-128 .
Fig. 5. Element pI ZPAL eVI/342, sample MA-14.
Fig. 6. Element ne ZPAL eVI/60 I , sample MA- 131 .

Walliserodus ethingtoni (FAHRiEUS, 1966) 56

Fig. 7. Element hi ZPAL eVI/615, sample MA-52.
Fig. 8 Element pi ZPAL eVI/614, sample MA-52.
Fig. 9. Element oz? (or ke?) ZPAL eVI/612, sample MA-42.
Fig. 10. Element tr ZPAL eVI/613, sample MA-44 .
Fig. 15. Element ne ZPAL eVI/604, sample MA-93.
Fig. 16. Element hi ZPAL eVI/605, sample MA-94.
Fig. 17. Element pi? ZPAL eVI/603, sample MA-93.
Fig. 18. Element ke? ZPAL eVI/602, sample MA-93.
Fig. 19. Element tr ZPAL eVI/606, sample MA-94.

Walliserodus nakho lmens is (HAMAR , 1966) 58

Fig. 11. Element ne ZPAL eVI/608, sample MA-70.
Fig. 12. Element hi ZPAL eVI/607, sample MA-2.
Fig. 13. Element ke? (or oz?) ZPAL eVI/610, sample MA-69.
Fig. 14. Element pI? ZPAL eVI/609, sample MA-n.

Sca lpellodus viruensis LbFGREN, 1978 56

Fig. 20. Element hi ZPAL eVI/611, sample MA-60 (see also PI. 15: 7).

Panderodus sulcatus (FAHRiEUS , 1966) ear ly form 59

Fig. 21. Element ne ZPAL eVI/569, sample MA-520 .
Fig. 22. Element hi ZPAL eVI/568, sample MA-52.
Fig. 23. Element pI ZPAL eVI/567, sample MA-52.
Fig. 24. Element tr ZPAL eVI/566, sample MA-52 (see also PI. 24: I) .

Panderodus sulcatus (FAHRiEUS, 1966) late form 59
Fig. 25. Element ne ZPAL eVI/570, sample MA-62.
Fig. 26. Element hi ZPAL eVI/574, sample MA-62.
Fig. 27. Element pI ZPAL eVI/575, sample MA-70.
Fig. 28. Element ke- sp ZPAL eVI/573, sample MA-62 .

Panderodus sp . A . . . . .. . 59

Fig. 29. Element ne ZPAL eVI/577, sample MA-IOI.
Fig. 30. Element hi ZPAL eVI/579, sample MA- IO!.
Fig. 31. Element pI ZPAL eVI/578, sample MA-1OI.
Fig. 32. Element ke-sp ZPAL eVI/576, sample MA-I 0 1.

All illustrations x 80, except when otherwise stated.
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PLATE 13

Strachanognathus parvus R HODES, 1955 62

Fig. I. Element ne ZPAL CVI/690, sample MA-46.
Fig. 2. Element hie ZPAL CVI/689, sample MA-46.
Fig. 3. Element ke ZPAL CVI/688, sample MJ\-46.
Fig. 4. Element pi ZPAL CVI/684, sample MA-46.
Fig. 5. Element t r ZPAL CVI/685, sample MA-46 .
Fig. 6. Element oz-sp ZPAL CVI/687, sample MA-46.

Semiacontiodus cornuformis (SERGEEVA, 1963) 66

Fig. 7. Element ne ZPAL CVI/586, sample MA-l25.
Fig. 8. Element hi ZPAL CVI/587, sample MA-l25 .
Fig. 9. Element pi ZPAL CVI/588, sample MA-l25.
Fig. 10. Element tr ZPAL CVI/589, sample MA-l25 .

Semiacontiodus longicostatus (DRYGANT, 1974) 67

Fig. 11. Element ne ZPAL CVI/595, sample MA-59.
Fig. 12. Element pi ZPAL CVI/594, sample MA-58.
Fig. 13. Element ne ZPAL CVI/596, sample MA-19.

Protopanderodus graeai (HAMAR, 1966) . . . . . . . . . . . . . . . . . . .72

Fig. 14. Element ne ZPAL CVI/660, sample MA-46.
Fig. 15. Extremely acostate element ne ZPAL CVI/657, sample MA-46.
Fig. 16. Element hi- pi ZPAL CVI/656, sample MA-46.
Fig. 17. Element tr ZPAL CVI/658, sample MA-46 .
Fig. 18. Element oz-sp ZPAL CVI/659, sample MA-46.
Fig. 19. Element ne ZPAL CVI/654, sample MA-l28.
Fig. 20. Element hi-pI ZPAL CVI/653, sample MA-l28.
Fig. 21. Element tr ZPAL CVI/652, sample MA-l28.
Fig. 22. Element oz-sp ZPAL CVI/655, sample MA-l28.

Protopanderodus gradatus SERPAGLI , 1974 late form 73

Fig. 23. Element ne ZPAL CVI/581 , sample MA-124.
Fig. 24. Element hi-pI ZPAL CVI/582, sample MA-l25.
Fig. 25. Element tr ZPAL CVI/580, sample MA-124 .
Fig. 26. Element oz-sp ZPAL CVI/583, sample MA-l25 .

Protopanderodus rectus (LINDSTROM, 1955) 72

Fig. 27. Element ne ZPAL CVI/648, sample MA-l28.
Fig. 28. Element hi-pI ZPAL CVI/650, sample MA-l28.
Fig. 29. Element tr ZPAL CVI/649, sample MA-l28.
Fig. 30. Element oz-sp ZPAL CVI/65 I, sample MA-l28.

All illustrations X 80, except when otherwise stated .
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Protopanderodus varicostatus (SWEET et B ERGSTROM, 1962) 74

Fig. 1. Element ne ZPAL CVI/590, sample MA-46.
Fig. 2. Element hi-ke ZPAL CVI/589, sample MA-46.
Fig. 3. Element pi ZPAL CVI/592, sample MA-l7.
Fig. 4. Element tr ZPAL CVI/593, sample MA-52.
Fig. 5. Element oz-sp ZPAL CVI/591, sample MA-48.

Protopanderodus liripipus KENNEDY, B ARNES et UYENO, 1979 74

Fig. 6. Element ne ZPAL CVI/584, sample MA-2.
Fig. 7. Element hi- sp ZPAL CVI/585, sample MA-I05 .

Dapsilodus mutatus (BRANSON et MEHL, 1933) 64

Fig. 8. External margin of element pi? ZPAL CVI/558, sample MA-93 (see also PI. 11: 35) x 400.
Fig. 9. Panderodont furrow of element ne ZPAL CVI/56 I , sample MA-lOO (see also PI. 11: 31) x 400.

Drepanodus robustus HADDING 1913

Fig. 10. Element ne ZPAL CVI/625, sample MA-66.
Fig. 11 . Element t r ZPAL CVI/626, sample MA-54.
Fig. 12. Element hi-pi ZPAL CVI/624, sample MA-65.
Fig. 13. Element oz ZPAL CVI/628, sample MA-74.
Fig. 14. Element sp ZPAL CVI/627, sample MA-76.

All illustrations x 80, except when otherwise stated.

. . ...70
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Semiacontiodus cornufo rmis (SERGEEVA, 1963) 66

Fig. 1. Microornarnentation of element pI ZPAL CVI/588, sample MA-125 (see also PI. 13: 9) x 400.

Drepanodus arcuatus P ANDER, 1856 late form 68

Fig. 2. Element ne ZPAL CVI/69 I, sample MA-128.
Fig. 3. Element hi ZPAL CVI/695, sample MA-128.
Fig. 4. Element tr ZPAL CVI/692, sample MA-I27.
Fig. 5. Element oz ZPAL CVI/693, sample MA-I31.
Fig. 6. Element sp ZPAL CVI/694, sample MA-I31.

Scalpellodus viruens is L b FGREN, 1978 56

Fig. 7. Microornamentation of element ne ZPAL CVI/611, sample MA-60 (see also PI. 12: 20) x 400.

Panderodus sp. A. . 59

Fig. 8. Microornamentation of element hi ZPAL CVI/579, sample MA-IQI (see also PI. 12: 30) x 400.

All illustrations x 80, except when otherwise stated.
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Drepanodus kielcensis sp. n. . , , . , . , ,70

Fig.!. Element hi ZPAL CV1/644, sample MA-129.
Fig. 2. Holotype , element ne ZPAL CVI/642, sample MA-128.
Fig. 3. Element pi ZPAL CVI/64 I, sample MA-128 .
Fig. 4. Element oz ZPAL CVI/647, san:tple MA-l31.
Fig. 5. Element sp ZPAL CVI/646, sample MA-41.
Fig. 6. Element ke ZPAL CVI/643, sample MA-128 .
Fig. 7. Element tr ZPAL CVI/645, sample MA-129 .

Drepanodus santacrucensis sp. n. . , , ., . , 70

Fig. 8. Holotype , element ne ZPAL CVI/640, sample MA-76 .
Fig. 9. Element hi ZPAL CVI/635, sample MA-75 .
Fig. 10. Element ke ZPAL CVI/636, sample MA-58.
Fig. 11. Element pi? ZPAL CVI/639, sample MA-74.
Fig. 12. Element oz ZPAL CVI/638, sample MA-74.
Fig. 13. Element sp ZPAL CVI/637 , sample MA-74.

Paltodus? semisymmetricus (HAMAR, 1966) , ,. , ,76

Fig. 14. Elemen t ne ZPAL CVI/662 , sample MA-46.
Fig. 15. Element hi- sp ZPAL CVI/66 1, sample MA-46.

Drepanoistodus basiovalis (SERGEEVA, 1963)

Fig. 16. Element ne ZPAL CVI/670 , sample MA-125 .
Fig. 17. Element hi ZPAL CVI/669, sample MA-37.
Fig. 18. Element pi ZPAL CVI/668, sample MA-38.
Fig. 19. Element tr ZPAL CVI/667 , sample MA-38 .
Fig. 20. Element oz-sp ZPAL CVI/666, sample MA-125.

All illustrations x 80, except when otherwise stated.
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Eoneoprioniodus alatus (D ZIK, 1976) 79

Fig. I. Element oz? ZPAL 'eVI/663. sample MA-42.

Drepan oistodus suberectus ( B RANSON et M EHL, 1933) early for m 78

Fig. 2. Element ne ZPAL e VI/675 with extremely short cusp. may quite well belong to Paltodus'l venustus, sample
MA-46.

Fig. 3. Element hi ZPAL eV1/674, sample MA-46.
Fig. 4. Element pI ZPAL eV1/673. sample MA-46.
Fig. 5. Element tr ZPAL eVI/672, sample MA-46.
Fig. 6. Element oz- sp ZPAL eVI/67I. samp le MA-46.

Pygodus anserinus L AMONT et LI NDSTROM, 1957 105

Fig. 7. Element oz ZPAL eV1/537. sample MA-67 .
Fig. 8. Element sp ZPAL eV1/536. sample MA-59.

Pygodus ser ra ( HADDING , 191 3) 103

Fig. 9. Element ke? ZPAL eV1/535. sample MA-58.
Fig. 10. Element tr ZPAL eV1/534, sample MA-46 .
Fig. 11 . Element oz ZPAL eV1/533 , sample MA-52.
Fig. 12. Element sp ZPAL e VI/532, sample MA-49.

Phragmodus'l sp. aff." Baltoni odus" crassu lus ( L INDST ROM , 1955) ., . .. 101

Fig. 13. Element ne ZPAL e V1/386, sample MA- 11 8.
Fig. 14. Eleme nt pi ZPAL eV1/385, sample MA-117.
Fig. 15. Element ke ZPAL CVI/388, sample MA-1 17.
Fig. 16. Element tr ZPAL e VI/384, sample MA-1 17.
Fig. 17. Element sp ZPAL e V1/384, sample MA-I 17.
Fig. 18. Element oz ZPAL CV1/383, sample MA-117.

Phra gmodus polonicus D ZIK, 1978 102

Fig. 19. Element ne ZPAL CV1/499, sample MA-125.
Fig. 20. Element hi ZPAL CV1/498, sample MA- 125.
Fig. 21. Element ke ZPAL CV I/497, sample MA-125.
Fig. 22. Element tr ZPAL CV1/495 , sample MA-125.
Fig. 23. Element pi ZPAL CV1/496. sample MA-125.
Fig. 24. Eleme nt oz ZPAL CVI/494. sample MA-125.
Fig. 25. Element sp ZPAL CVI/493, sample MA-125 .

All illu strations x 80, except when otherwise stated.
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Phragmodus polonicus D ZIK, 1978 102

Fig. I. Element ke ZPAL CVI/502, sample MA-68.
Fig. 2. Element tr ZPAL eVI/504, sample MA-68.
Fig. 3. Element oz ZPAL eVI/501, sample MA-68.
Fig. 4. Element sp ZPAL eVI/500, sample MA-52.
Fig. 5. Element ne ZPAL eVI/505, sample MA-68.
Fig. 6. Element pi ZPAL eVI/503, sample MA-68.
Fig. 7. Element hi ZPAL eVI/506, sample MA-52.

Baltoniodus parvidentatus (SERGEEVA, 1963) 80

Fig. 8. Element ne ZPAL eVI/403, sample MA-l20.
Fig. 9. Element tr ZPAL eVI/404, sample MA-120.
Fig. 10. Element pi ZPAL eVI/400, sample MA-l20.
Fig. 11. Element oz ZPAL eVI/401, sample MA-120.
Fig. 12. Element sp ZPAL eVI/402, sample MA-l20.
Fig. 13. Element ke ZPAL eVI/398, sample MA-l20.
Fig. 14. Element hi ZPAL eVl/399, sample MA-l20.

Distomodus sp. . 107

Fig. 15. Element pi ZPAL eVI/717, sample MA-93.
Fig. 16. Element ne ZPAL eVI/7I6, sample MA-93.

Baltoniodus prevariabilis (FAHRfEUS, 1966) 82
Fig. 17. Element oz ZPAL eVI/513, sample MA-46.
Fig. 18. Element hi ZPAL eVI/516, sample MA-46.
Fig. 19. Element tr ZPAL eVI/514, sample MA-46.
Fig. 20. Element ne ZPAL eVI/517, sample MA-46.
Fig. 21. Element sp ZPAL eVI/512, sample MA-46.
Fig. 22. Element ke ZPAL eVI/515, sample MA-46.

All illustrations x 80, except when otherwise stated .
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Baltoniodus variabilis (BERGSTROM, 1963) 84
Fig. 1. Element ne ZPAL CVI/525, sample MA-7I .
Fig. 2. Element hi ZPAL CVI/523 , sample MA-7 1.
Fig. 3. Element pI ZPAL CVI/522, sample MA-71.
Fig. 4. Element sp ZPAL CVI/5 l9, sample MA-70 .
Fig. 5. Element ke ZPAL CVI/524 , sample MA-71.
Fig. 6. Element tr ZPAL CVI/521 , sample MA-71.
Fig. 7. Element sp ZPAL CVI/5l8, sample MA-71.
Fig. 8. Element oz ZPAL CVI/520 , sample MA-78 .
Fig. 9. Element sp ZPAL CVI/360, sample MA-22, from population transitional to B. alobatus.

Baltoniodus alobatus (BERGSTROM, 1971)

Fig. 10. Element ne ZPAL CVI/531, sample MA-93.
Fig. 11. Element hi-ke ZPAL CVI/530, sample MA-97.
Fig. 12. Element sp ZPAL CVI/526 , sample MA-97.
Fig. 13. Element tr ZPAL CVI/528, sample MA-93 .
Fig. 14. Element pI ZPAL CVI/529, sample MA-96.
Fig. 15. Element oz ZPAL CVI/527 , sample MA-93 .

. . .. . . . .84

Lenodus variabi lis (SERGEEVA, 1963) late form 86

Fig. 16. Extremely robust element ne ZPAL CVI/41O, sample MA-125.
Fig. 17. Dextral element oz ZPALCVI/412, sample MA-125.
Fig. 18. Sinistral element oz ZPAL CVI/405 , sample MA-124.
Fig. 19. Element hi ZPAL CVI/409, sample MA-125.
Fig. 20. Element ke ZPAL CVI/408 , sample MA-125.
Fig. 21. Element pI ZPAL CVI/407 , sample MA-125.
Fig. 22. Element sp ZPAL CVI/411 , sample MA-125.
Fig. 23. Element tr ZPAL CVI/406, sample MA-125 .

All illustrations x 80, except when otherwise stated.
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Lenodus variabilis (SERGEEVA, 1963) 86

Fig. I . Element ne ZPAL CVI/395, sample MA-35 .
Fig . 2. Dextral element oz ZPAL CVI/367 , sample MA-118.
Fig . 3. Element sp ZPAL CVI/39 I , sample MA-118.
Fig . 4. Element tr ZPAL CVI/392, sample MA-33 .
Fig . 5. Sinistral element oz ZPAL CVI/396, sample MA-35.
Fig. 6. Ante rior proce ss of element sp ZPAL CVI/397, sample MA-33 .
Fig . 7. Element pi ZPAL CVI/394, sample MA-33 .
Fig . 8. Eleme nt ke ZPAL CVI/393 , sample MA-33.

Polonodus sp. . 54

Fig . 9. Specimen ZPAL CVln15, sample MA-125,
Fig . 10. Specimen ZPAL CVInI4, sample MA-128 .

Eop lacognathus zgierzensis D ZIK, 1976 early form 96

Fig . IJ. Dextral element oz ZPAL CVI/418, sample MA-l3J.
Fig . 12. Element tr ZPAL CVI/42 I, sample MA-l3J.
Fig . 13. Anterior proce ss of eleme nt sp ZPAL CVI/417, sample MA-131 .
Fig . 14. Sini stral element oz ZPAL CVI/419, sample MA-l3J.
Fig . 15. Element ne ZPAL CVI/423 , sample MA-l3J.
Fig . 16. Element sp ZPAL CVI/416, sample MA-l3J.
Fig . 17. Element hi ZPAL CVI/422, sample MA-131 .

All illustrations x 80, except when otherwise stated.
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Cahabagnathus protoramosus (CHEN, C HEN et ZHANG, 1983) 100

Fig. I . Dextral elemen t oz ZPAL eVI/432, samp le MA-49.
Fig. 2. Element sp ZPAL eVI/43 I, sample MA-49.

Eop lacogna thus robustus B ERGSTROM, 1971 98

Fig. 3. Dextral element oz ZPAL eVI/429 , sample MA-46.
Fig. 4. Sinistral element oz ZPAL eV1/428, sample MA-43 , x 60.
Fig. 5. Element sp ZPAL eV1/430, sample MA-45.

Eoplacognathus lindstroemi (HAMAR, 1964) 98

Fig. 6. Dextral element oz ZPAL eV1/434, sample MA-52 .
Fig. 7. Sinistral element oz ZPAL eVI/435 , sample MA-52 .
Fig. 8. Element sp ZPAL eV1/433, sample MA-52 .
Fig. 9. Juvenile element sp ZPAL eVI/436 , sample MA-52.

Eopla cognathus elongatus (B ERGSTROM, 1962) 98

Fig. 10. Dextral element oz ZPAL eV1/439, sample MA-87.
Fig. 11. Sinistral element oz ZPAL eV1/438, sample MA-84.
Fig. 12. Element sp ZPAL eVI/437, sample MA-83 .

Rhodesognathus inaequa lis ( R HODES, 1953) 90

Fig. 13. Element sp ZPAL eV1/478, sample MA-74 .

Rhodesognathus polonicus (DZ IK, 1976) 90

Fig. 14. Element sp ZPAL eV1/470, sample MA-93.
Fig. 15. Element sp ZPAL e VI/126, sample MA-22.
Fig. 16. Element oz ZPAL eVI/, sample MA-93.
Fig. 17. Elemen t oz ZPAL eV1/3 37, sample MA-22 .
Fig. 18. Element oz ZPAL eV1/47 1, sample MA-93.
Fig. 19. Elemen t ne ZPAL eVI/477. sample MA-93.
Fig. 20. Element sp ZPAL eV1/468, sample MA-93.
Fig. 21. Element ne ZPAL e V1/476, sample MA-93.
Fig. 22. Element hi ZPAL e V1/475, sample MA-93.
Fig. 23. Element ke ZPAL eV1/474, sample MA-93.
Fig. 24. Element t r ZPAL e VI/472 , sample MA-9 3.
Fig. 25. Element pI ZPAL eV1/473. sample MA-93 .

All illustra tions x 80, except when otherwise sta ted.
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Sagittodontina kielcensis (DZIK, 1976) 88

Fig. I. Element ne ZPAL CVI/414 , sample MA-63.
Fig. 2. Element hi ZPAL CVI/425 , sample MA-54.
Fig. 3. Element ke ZPAL CVI/415, sample MA-63.
Fig. 4. Element pI ZPAL CVI/426 . sample MA-54.
Fig. 5. Element oz ZPAL CVI/425, sample MA-45.
Fig. 6. Element sp ZPAL CVI/413, sample MA-60.

Sagittodontina bifurcata KNUPFER, 1967 88
Fig. 7. Element oz ZPAL CVI/427, sample MA-91.

Amorph ognathu s tvaerensis BERGSTROM, 1962 early form 91

Fig. 8. Element ne ZPAL CVI/445, sample MA-68.
Fig. 9. Element hi ZPAL CVI/446, sample MA-68.
Fig. 10. Element ke ZPAL CVI/443, sample MA-62 .
Fig. 11. Element pI ZPAL CVI/447, sample MA-69.
Fig. 12. Element oz ZPAL CVI/438, sample MA-59.
Fig. 13. Posterior process of element sp ZPAL CVI/440, sample MA-59.
Fig. 14. Internal process element sp ZPAL CVI/439, sample MA-59.
Fig. IS. Dextral element sp ZPAL CVI/444, sample MA-68.

Amorph ognathus tvaerensis BER GSTROM, 1962 91

Fig. 16. Element ne ZPAL CVI/452. sample MA-86.
Fig. 17. Element hi ZPAL CVI/457 , sample MA-86.
Fig. 18. Element ke ZPAL CVI/455, sample MA-86.
Fig. 19. Element pI ZPAL CVI/453, sample MA-86.
Fig. 20. Element tr ZPAL CVI/454, sample MA-86.
Fig. 21. Dextral element sp ZPAL CVI/448, sample MA-85.
Fig. 22. Sinistral element sp ZPAL CVI/449 , sample MA-85.

All illustrations x 80, except when otherwise stated.
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Amorphognathus tvaerensis B ERGSTROM, 1962 91

Fig. I. Dextral element oz ZPAL CVI/4SI, sample MA-8S.
Fig. 2. Sinistra l element oz ZPAL CVI/4S0, sample MA-8S.

Amorphognathus superbus (RHODES, 1953) early form 93

Fig. 3. Element ne ZPAL CVI/467, sample MA-96.
Fig. 4. Dextral element sp ZPAL CVI/4S8, sample MA-9S.
Fig. 5. Sinistral element sp ZPAL CVI/466 , sample MA-96.

Amorphognathus ordovicicus B RANSON et MEHL, 1933 94

Fig. 6. Element ne ZPAL CVI/460, sample MA-109.
Fig. 7. Element hi ZPAL CVI/4S9, sample MA-113.
Fig. 8. Element ke ZPAL CVI/46 I, sample MA-I09.
Fig. 9. Element pi ZPAL CVI/462 , sample MA-IOS.
Fig. 10. Element tr ZPAL CVI/463 , sample MA-IOS.
Fig. 11. Element oz ZPAL CVI/464 , sample MA-IOS.
Fig. 12. Dextral element sp ZPAL CVI/46S, sample MA-IOS.

Complexodus originalis CHEN et ZHANG, 1984 106

Fig. 13. Element ne ZPAL CVI/48S, sample MA-67.
Fig. 14. Element hi? ZPAL CVI/48 I , sample MA-62.
Fig. 15. Element ke? ZPAL CVI/482, sample MA-66.
Fig. 16. Element pi ZPAL CVI/483 , sample MA-66.
Fig. 17. Element tr ZPAL CVI/484 , sample MA-66.
Fig. 18. Element oz ZPAL CVI/479 , sample MA-59.
Fig. 19. Element sp ZPAL CVI/480 , sample MA-59.

Complexodus pugionifer (DRYGANT, 1974) 106

Fig. 20. Element ne ZPAL CVI/490, sample MA-70.
Fig. 21. Element hi ZPAL CVI/489 , sample MA-70.
Fig. 22. Element pi ZPAL CVI/486 , sample MA-70.
Fig. 23. Element tr ZPAL CVI/48I, sample MA-70, x 110.
Fig. 24. Element oz ZPAL CVI/488 , sample MA-70.
Fig. 25. Posterior process of element sp ZPAL CVI/49 I, sample MA-7I .
Fig. 26. Element sp ZPAL CVI/33S, sample MA-21·.

Complexodus sp. A , , . . , 107

Fig. 27. Posterior process of element sp ZPAL CVI/492, sample MA-87.

All illus trat ions x 80, except when otherwise stated.
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Panderodu s sulcatus (FA HRJ£US, 1966) 59

Fig. J. Element tr ZPAL eVI/466 in medial view, sample MA-52 (see also PI. 12: 24) x 215.

Icriodella prominens O RCHARD, 1980.

Fig. 2. Element sp ZPAL eVI/71 8, sample MA-116.

. 109

Icriodella n. sp. A NOWLAN, 1983. . 109

Fig. 3. Element oz ZPAL eVI/7 19, sample MA-99.
Fig. 4. Element sp ZPAL eVI/720, sample MA-98.

Mi crozarkodina ozarkodella L INDSTROM, 1971 11 3

Fig. 5. Element ne ZPAL eVI/511 , sample MA- I31.
Fig. 6. Element hi ZPAL eVI/510, sample MA-l3J.
Fig. 7. Element pi ZPAL eVI/509, sample MA-124 .
Fig. 8. Element oz? ZPAL eVI/507, sample MA-l3 J.
Fig. 9. Element sp? ZPAL eVI/508, sample MA-l3J.

Periodon aculeatu s HADDING, 19 13 late form. . III

Fig. 10. Element ne ZPAL eVI/704, sample MA-85.
Fig. 11 . Element hi ZPAL eVIn03, sample MA-69.
Fig. 12. Element pi ZPAL eVI/705 , sample MA-85.
Fig. 13. Element oz? ZPAL eVI/702, sample MA-19.

Hamarodu s brevirameus (W ALLISER, 1964) III

Fig. 14. Element ne ZPAL eVI/701, sample MA-lOO.
Fig. IS. Element hi ZPAL eVI/699, sample MA-lOO.
Fig. 16. Element pi ZPAL eVI/700, sample MA-lOO.
Fig. 17. Element tr ZPAL eVI/698, sample MA-lOO.
Fig. 18. Element oz? ZPAL eVI/696, sample MA-lOO.
Fig. 19. Element sp? ZPAL eVI/697, sample MA-118.

Amorphognathus ordovicic us B RANSON et M EHL, 1933? 94

Fig. 20. Element ne ZPAL eVI/359, sample MA-J.

Yaoxiano gnathus? sp. . 11 4

Fig. 2J. Element hi ZPAL eVI/71 4, sample MA-liS.

Spin odus spinatus ( H ADDING, 19 13) 11 3

Fig. 22. Element ne ZPAL eVI/709, sample MA-79.
Fig. 23. Element hi ZPAL eVI/706, sample MA-19.
Fig. 24. Element pi ZPAL eVI/708, sample MA-42 .
Fig. 25. Element oz? ZPAL eVI/707, sample MA-57.

Tripodus? sp. .... . . . . . . . . . . . . . .. . . . . . . . .79

Fig. 26. Element hi ZPAL eVI/665, sample MA-128.
Fig. 27. Element oz? ZPAL eVI/664, sample MA-128.

Histiodella kristinae STOUGE, 1984 110

Figs 28- 30. Elements sp ZPAL eVI/-7 11 -71 3, sample MA-l3J.

All illustrations x 80, except when otherw ise stated.
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