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Late Triassic lungfishes from Krasiejów near Opole 

	 Piotr Skrzycki 

Abstract
	 Krasiejów is a village in the Opole province, which is situated ca 20 kilome-
ters east of Opole. Since 1993, the Institute of Paleobiology Polish Academy of Science  
and Opole University carry on excavations in an old clay mine. Fossils of lungfishes 
(Dipnoi) from the Ptychoceratodontidae family occur there in river and lake deposits of Late 
Triassic (late Carnian) age. They probably belong to the genus Ceratodus which is known 
from the Lower Triassic to Upper Cretaceous almost all over the world. It is  closely related  
to barramunda (Neoceratodus), which is a lungfish living today in Australia. Ceratodus 
was a durofag, because (like barramunda) was fitted with four tooth plates which were used  
to crush shells of clams and other molluscs. Its fossils were found abundantly in Argentina, 
Australia, China, England, France, Kyrgyzstan, Madagascar, Marocco, Germany, RSA, 
USA and Thailand, as well as on Polish territory in several localities. In Krasiejów 
Ceratodus is represented by tooth plates and scales, which are very rare in other localities. 
In addition, clam shells are found with bite marks, which correspond to the morphology  
of the lungfish tooth plates. The tooth plates have the different number of ridges-lower four 
and upper five. The ridges of adult speciments are worn but those of the juvenile ones are 
sharp-edged. Comparison Krasiejów tooth plates with plates belonging to other members 
of this genus might help to classification of the findings.

Key words: tooth plates, durofag, Carnian, morphometry 

	 Lungfishes (Dipnoi) appear in the early Devonian (Janvier 1996), widely spread 
in the late Devonian and Carboniferous, and then there was a stagnation in their differen-
tiation, until the early Mesozoic when they reach large numbers again, but today only three 
genera survived. Mesozoic lungfishes has been found on the Polish territory for a long 
time. In 1870, Roemer examining the layers of ‘lisowska’ breccia in Lisów near Lubliniec, 
found the fossils of lungfish, which he described as Ceratodus silesiacus Roemer, 1870. 
However, later research has shown, that this is probably a juvenile Ceratodus philippsi  
or Ceratodus concinnus (Martin et al. 1981). Next Triassic findings are known from 
Gogolin (Anisian, Ceratodus madelungi Volz, 1896) and Lisowice (Rhaetic, undescribed 
material), as well as Krasiejów. In local Late Triassic (late Carnian) river-lake sediments 
(Dzik & Sulej 2007) have been found the fossils of lungfishes from Ptychoceratodontidae 
family. They belong to the type of Ceratodus, perhaps to one of the above-mentioned 
species.

Materials 
	 A characteristic feature of lungfishes is lack of maxilla and premaxilla and pres-
ence of four massive tooth plates (Fig.1) (Janvier 1996, Kemp 1998). Leading durofagical 
lifestyle lungfishes use these plates to crush shells of clams and other molluscs. Tooth plates 
are attached to the prearticular bone (lower plate) and pterygopalatine bone (upper plate), 
which are connected to the other bones of the skull making a functional jaw apparatus  
(Fig. 1 and 2). The researched material is seven tooth plates-five of the lower jaw  
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(one right, four left) and two of upper (one right, one left) (Fig. 3), representing 
different stages of ontogenic. Apart from the growth, appearance of the surface of tooth 
plates changes during ontogeny. There are cusps on each of the ridges in juveniles  
(Fig. 4), which slowly disappear during the development of an animal and are not visible  
in adults. Each of the cusps is associated with a new growing layer of enamel covering  
the plate. In today's barramunda (Neoceratodus) ontogeny proceeds almost in the same way  
(Kemp 1977, Ahlberg et al. 2006). 

Figure 1. Lungfish skull structure based on Ptychoceratodus serratus and Ceratodus sturii.  
               (mdf. from Kemp 1998).

Figure 2. Lungfish jaws structure based on Ptychoceratodus serratus. (mdf. from Kemp 1998).
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The morphological features of tooth plates
	 Lungfish specific "teeth" retains its appearance slightly by changing from  
the Devonian until today (Ahlberg et al. 2006). Each of the plates is created by few ridges 
fused together (the number depends on the taxon) arranged radiating from one point on the 
lingual board (directed towards inside to the mouth), separated from each other shapely 
V-grooves.  In juveniles ridges have sharp edges that slowly wear off during use, in adults 
are quite blunt. On the occlusal surface of all plates can be seen a lot of pits, which are 
visible through the partially wiping away of the cosmine covering the plate. The upper  
and lower tooth plates form a crushing apparatus that functions like a cracker-ridges 
of opposed plates enters between themselves crushing shells of molluscs. It is possible 
becouse the lower and upper plate are slightly different from each other. In my researched 
material (Fig. 3) lower plates have four ridges, on the "back" of each of them there are two 
so-called bays (front smaller, back greater) and between them there is a ridge of Ruge`s 
canal through which blood vessels penetrated the interior of a plate, further distinguishing 
feature of only the lower plates is that the bone, on which is set tooth plate (prearticular 
bone), stands out beyond the edges of the medial and lingual margins. On the contrary, 
upper plates have five ridges, on the "back" of a plate there is an ascending process  
of pterygopalatine bone (that connect the bones of the skull roof by descending process  
of KLM bone), and pterygopalatine bone protrudes only beyond the lingual margin.

Methods
	 To determine whether the tooth plates from Krasiejów belong to individuals  
of one species and which species is that, there should be performed a number of compar-
isons. Tooth plates of Ceratodus madelungi from Gogolin are from the Muschelkalk,  
so from the marine environment, that is not the river-lake like in Krasiejów, so they been 

Late Triassic lungfishes from Krasiejów

Figure 4. Lungfish tooth plates from Krasiejów.

Figure 3. Single crest of tooth plate of juvenile specimen  
          of Neoceratodus forsteri (A). Tooth plate in  occlusal  
      view (B). Arrow indicates a single cusp.
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omitted in further considerations, however, perhaps we are dealing with a redeposition. 
Other species that is C. silesiacus, C. philippsi and C. concinnus (for these comparisons  
C. silesiacus is treated separately for a broader spectrum) have been found in terrestrial 
sediments (Roemer 1870, Martin et al. 1981).

Morphological comparisons
	 Comparing the morphology of the tooth plates of these species and plates exam-
ined by me, show a similarity between them. In all analyzed specimens lower plates have 
four ridges, and the upper five, although in one of the six plates of C. philippsi I've watched, 
the latest ridge (Cp) of the lower plate splits at the end, but it is probably some pathology, 
feature of only this individual or a mistake in the determination of the specimen. Moreover, 
the plate shape is very similar, all of which are triangular, but the angle on lingual side  
of the lower plate is obtuse, while the same angle in the upper plates is also obtuse, but 
much closer to the rectangular. These comparisons, however, may be encumbered with  
a large uncertainty, because, not having the available specimens, I could base only on 
figures from the publications and there are sometimes mistakes with, for example marking 
which is the lower plate and which is upper.

Morphometric researches
	 Bigger certainty than presented above comparative analysis of the plates 
morphology, give the morphometric researches, 
when features can be compared with the math-
ematical accuracy. I used the method suggested 
by Vorobyeva & Minikh (1968), which is used to 
compare the tooth plates of lungfishes. The diagram 
from their work (Fig. 5) shows the angles and 
distances between the ridges (C1, C2, C3, Cp) which  
are taken into account. It turns out that the 
angles are more important, because distances 
are just consequences of them. That is why in 
my research, I took into consideration only the 
angles α, δ1, δ2 and δ3. C silesiacus plates and 
specimens from Krasiejów I measured by myself 

Figure 6. Angles size between ridges of tooth plates.

Figure 5. Morphometrical diagram (from 
     Vorobyeva & Minikh 1968). B-place 
     of crest     lines convergence; C1, C2,  
     C3, Cp-crests; α, δ1, δ2, δ3, γ-angles.
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due to indications from the work and measurements of angles for C. philippsi and C. 
concinus I used from work by Martin (Martin et al. 1981). Results of these morpho-
metrical researches are presented in Table I and the graph (Fig. 6). Height of bars shows 
the size of the angle, and the species are distinguished by gray, with red and orange for 
Krasiejów specimens, appropriately the lower and upper tooth plate. There are notice-
able differences that allow to put forward some conclusions. Size for all angles of lower 
tooth plates form Krasiejów are very similar, compared with none of the species shows  
no overall similarity to them. The most similar seems to be the third from the left spec-
imen of C. philippsi, but the size of its angle α clearly deviates from this size in the lower 
plates of specimens from Krasiejów. To the upper plates quite similar looks the specimen  
of C. silesiacus, however, it differs from krasiejóws by the larger angle δ3.

     Table. 1. Angles size between ridges of tooth plates.

speciment nr 
/ species

plate  
position

angle

α δ1 δ2 δ3

AB III 2393 lower 129 77 38 13
AB III 2395 lower 116 85 42 15
AB III 2396 lower 117 77 42 15
AB III 2394 lower 123 81 45 18
AB III 1334 lower 130 84 43 17
AB III 1180 upper 105 88 53 25
AB III 285 upper 112 85 55 28

C. silesiacus upper 109 90 59 33
C. philippsi upper 115 107 67 40
C. philippsi upper 100 93 61 30
C. philippsi lower 90 86 41 20

C. concinnus lower 103 76 46 23

Conclusions
	 From the above comparisons of morphological and morphometric researches 
can be concluded that tooth plates of lungfishes from Krasiejów probably belong to  
one species. Probably we are dealing with a new lungfish species of the genus Ceratodus, 
perhaps being an ancestor of Ceratodus philippsi or Ceratodus concinnus, or not associ-
ated with them.

Disclaimer
	 Analyzing the data presented by me it must be necessarily take into account,  
that there are many factors which can in some way affect the clarity of the conclusions 
that flow from such comparisons. First, variability and the various stages of ontogeny  
of studied specimens, which often causes large morphological differences even within 
specimens from the same species. Another subject may be a small number of examined 
specimens, giving a relatively small range of comparison. More examined tooth plates 
may able to reduce the importance of morphological differences resulting from the vari-
ability and age of individuals. Secondly, comparing lower and upper tooth plates together. 
An important factor is the uncertainty of the measurements made by me, which, despite 
efforts, may slightly distort the reading. Nevertheless, I think that all the conclusions  
are very close to the truth.
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Streszczenie
	

Późnotriasowe ryby dwudyszne z Krasiejowa koło Opola

	 W późnotriasowych rzeczno-jeziornych osadach ze starej kopalni iłów  
w Krasiejowie znaleziono siedem płyt zębowych (pięć dolnych, dwie górne) ryb dwudysz-
nych z rodzaju Ceratodus (Fig. 3). Reprezentują one różne stadia ontogenetyczne, gdyż na 
małych płytach widać tzw. guzki (Fig. 4), które ścierają się w miarę używania i są niewi-
doczne u osobników dorosłych. Płyty zębowe były przyrośnięte do kości przedstawowej 
(dolne płyty) i skzydłowo-podniebiennej (górne płyty) tworzyły sprawny aparat szczę-
kowy (Fig.1 i 2) służący do miażdżenia skorup mięczaków. W pracy dokonano porównań 
znalezionych płyt zębowych z płytami C. philippsi, C. concinnus i C. silesiacus aby okre-
ślić, czy należą one do któregoś z tych gatunków. Porównano ogólną morfologię płyt,  
a także przeprowadzono badania morfometryczne na podstawie pracy Vorobjevy i Minikha 
z 1968 roku. Wykorzystując diagram z tej pracy (Fig. 5) pomierzono odpowiednie 
kąty między grzebieniami płyt i wyniki zestawiono w Tab. I oraz na wykresie (Fig. 6). 
Wnioski płynące z porównań są takie, że wszystkie płyty znalezione w Krasiejowie należą  
do jednego gatunku.Ponadto, mimo podobieństw, nie jest to żaden w wymienionych wyżej 
gatunków, choć mogą istnieć między nimi powiązania. 
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Late Triassic lungfishes from Krasiejów near Opole 

	 Piotr Skrzycki 

Abstract
	 Krasiejów is a village in the Opole province, which is situated ca 20 kilome-
ters east of Opole. Since 1993, the Institute of Paleobiology Polish Academy of Science  
and Opole University carry on excavations in an old clay mine. Fossils of lungfishes 
(Dipnoi) from the Ptychoceratodontidae family occur there in river and lake deposits of Late 
Triassic (late Carnian) age. They probably belong to the genus Ceratodus which is known 
from the Lower Triassic to Upper Cretaceous almost all over the world. It is  closely related  
to barramunda (Neoceratodus), which is a lungfish living today in Australia. Ceratodus 
was a durofag, because (like barramunda) was fitted with four tooth plates which were used  
to crush shells of clams and other molluscs. Its fossils were found abundantly in Argentina, 
Australia, China, England, France, Kyrgyzstan, Madagascar, Marocco, Germany, RSA, 
USA and Thailand, as well as on Polish territory in several localities. In Krasiejów 
Ceratodus is represented by tooth plates and scales, which are very rare in other localities. 
In addition, clam shells are found with bite marks, which correspond to the morphology  
of the lungfish tooth plates. The tooth plates have the different number of ridges-lower four 
and upper five. The ridges of adult speciments are worn but those of the juvenile ones are 
sharp-edged. Comparison Krasiejów tooth plates with plates belonging to other members 
of this genus might help to classification of the findings.

Key words: tooth plates, durofag, Carnian, morphometry 

	 Lungfishes (Dipnoi) appear in the early Devonian (Janvier 1996), widely spread 
in the late Devonian and Carboniferous, and then there was a stagnation in their differen-
tiation, until the early Mesozoic when they reach large numbers again, but today only three 
genera survived. Mesozoic lungfishes has been found on the Polish territory for a long 
time. In 1870, Roemer examining the layers of ‘lisowska’ breccia in Lisów near Lubliniec, 
found the fossils of lungfish, which he described as Ceratodus silesiacus Roemer, 1870. 
However, later research has shown, that this is probably a juvenile Ceratodus philippsi  
or Ceratodus concinnus (Martin et al. 1981). Next Triassic findings are known from 
Gogolin (Anisian, Ceratodus madelungi Volz, 1896) and Lisowice (Rhaetic, undescribed 
material), as well as Krasiejów. In local Late Triassic (late Carnian) river-lake sediments 
(Dzik & Sulej 2007) have been found the fossils of lungfishes from Ptychoceratodontidae 
family. They belong to the type of Ceratodus, perhaps to one of the above-mentioned 
species.

Materials 
	 A characteristic feature of lungfishes is lack of maxilla and premaxilla and pres-
ence of four massive tooth plates (Fig.1) (Janvier 1996, Kemp 1998). Leading durofagical 
lifestyle lungfishes use these plates to crush shells of clams and other molluscs. Tooth plates 
are attached to the prearticular bone (lower plate) and pterygopalatine bone (upper plate), 
which are connected to the other bones of the skull making a functional jaw apparatus  
(Fig. 1 and 2). The researched material is seven tooth plates-five of the lower jaw  
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(one right, four left) and two of upper (one right, one left) (Fig. 3), representing 
different stages of ontogenic. Apart from the growth, appearance of the surface of tooth 
plates changes during ontogeny. There are cusps on each of the ridges in juveniles  
(Fig. 4), which slowly disappear during the development of an animal and are not visible  
in adults. Each of the cusps is associated with a new growing layer of enamel covering  
the plate. In today's barramunda (Neoceratodus) ontogeny proceeds almost in the same way  
(Kemp 1977, Ahlberg et al. 2006). 

Figure 1. Lungfish skull structure based on Ptychoceratodus serratus and Ceratodus sturii.  
               (mdf. from Kemp 1998).

Figure 2. Lungfish jaws structure based on Ptychoceratodus serratus. (mdf. from Kemp 1998).
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The morphological features of tooth plates
	 Lungfish specific "teeth" retains its appearance slightly by changing from  
the Devonian until today (Ahlberg et al. 2006). Each of the plates is created by few ridges 
fused together (the number depends on the taxon) arranged radiating from one point on the 
lingual board (directed towards inside to the mouth), separated from each other shapely 
V-grooves.  In juveniles ridges have sharp edges that slowly wear off during use, in adults 
are quite blunt. On the occlusal surface of all plates can be seen a lot of pits, which are 
visible through the partially wiping away of the cosmine covering the plate. The upper  
and lower tooth plates form a crushing apparatus that functions like a cracker-ridges 
of opposed plates enters between themselves crushing shells of molluscs. It is possible 
becouse the lower and upper plate are slightly different from each other. In my researched 
material (Fig. 3) lower plates have four ridges, on the "back" of each of them there are two 
so-called bays (front smaller, back greater) and between them there is a ridge of Ruge`s 
canal through which blood vessels penetrated the interior of a plate, further distinguishing 
feature of only the lower plates is that the bone, on which is set tooth plate (prearticular 
bone), stands out beyond the edges of the medial and lingual margins. On the contrary, 
upper plates have five ridges, on the "back" of a plate there is an ascending process  
of pterygopalatine bone (that connect the bones of the skull roof by descending process  
of KLM bone), and pterygopalatine bone protrudes only beyond the lingual margin.

Methods
	 To determine whether the tooth plates from Krasiejów belong to individuals  
of one species and which species is that, there should be performed a number of compar-
isons. Tooth plates of Ceratodus madelungi from Gogolin are from the Muschelkalk,  
so from the marine environment, that is not the river-lake like in Krasiejów, so they been 
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Figure 4. Lungfish tooth plates from Krasiejów.

Figure 3. Single crest of tooth plate of juvenile specimen  
          of Neoceratodus forsteri (A). Tooth plate in  occlusal  
      view (B). Arrow indicates a single cusp.
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omitted in further considerations, however, perhaps we are dealing with a redeposition. 
Other species that is C. silesiacus, C. philippsi and C. concinnus (for these comparisons  
C. silesiacus is treated separately for a broader spectrum) have been found in terrestrial 
sediments (Roemer 1870, Martin et al. 1981).

Morphological comparisons
	 Comparing the morphology of the tooth plates of these species and plates exam-
ined by me, show a similarity between them. In all analyzed specimens lower plates have 
four ridges, and the upper five, although in one of the six plates of C. philippsi I've watched, 
the latest ridge (Cp) of the lower plate splits at the end, but it is probably some pathology, 
feature of only this individual or a mistake in the determination of the specimen. Moreover, 
the plate shape is very similar, all of which are triangular, but the angle on lingual side  
of the lower plate is obtuse, while the same angle in the upper plates is also obtuse, but 
much closer to the rectangular. These comparisons, however, may be encumbered with  
a large uncertainty, because, not having the available specimens, I could base only on 
figures from the publications and there are sometimes mistakes with, for example marking 
which is the lower plate and which is upper.

Morphometric researches
	 Bigger certainty than presented above comparative analysis of the plates 
morphology, give the morphometric researches, 
when features can be compared with the math-
ematical accuracy. I used the method suggested 
by Vorobyeva & Minikh (1968), which is used to 
compare the tooth plates of lungfishes. The diagram 
from their work (Fig. 5) shows the angles and 
distances between the ridges (C1, C2, C3, Cp) which  
are taken into account. It turns out that the 
angles are more important, because distances 
are just consequences of them. That is why in 
my research, I took into consideration only the 
angles α, δ1, δ2 and δ3. C silesiacus plates and 
specimens from Krasiejów I measured by myself 

Figure 6. Angles size between ridges of tooth plates.

Figure 5. Morphometrical diagram (from 
     Vorobyeva & Minikh 1968). B-place 
     of crest     lines convergence; C1, C2,  
     C3, Cp-crests; α, δ1, δ2, δ3, γ-angles.
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due to indications from the work and measurements of angles for C. philippsi and C. 
concinus I used from work by Martin (Martin et al. 1981). Results of these morpho-
metrical researches are presented in Table I and the graph (Fig. 6). Height of bars shows 
the size of the angle, and the species are distinguished by gray, with red and orange for 
Krasiejów specimens, appropriately the lower and upper tooth plate. There are notice-
able differences that allow to put forward some conclusions. Size for all angles of lower 
tooth plates form Krasiejów are very similar, compared with none of the species shows  
no overall similarity to them. The most similar seems to be the third from the left spec-
imen of C. philippsi, but the size of its angle α clearly deviates from this size in the lower 
plates of specimens from Krasiejów. To the upper plates quite similar looks the specimen  
of C. silesiacus, however, it differs from krasiejóws by the larger angle δ3.

     Table. 1. Angles size between ridges of tooth plates.

speciment nr 
/ species

plate  
position

angle

α δ1 δ2 δ3

AB III 2393 lower 129 77 38 13
AB III 2395 lower 116 85 42 15
AB III 2396 lower 117 77 42 15
AB III 2394 lower 123 81 45 18
AB III 1334 lower 130 84 43 17
AB III 1180 upper 105 88 53 25
AB III 285 upper 112 85 55 28

C. silesiacus upper 109 90 59 33
C. philippsi upper 115 107 67 40
C. philippsi upper 100 93 61 30
C. philippsi lower 90 86 41 20

C. concinnus lower 103 76 46 23

Conclusions
	 From the above comparisons of morphological and morphometric researches 
can be concluded that tooth plates of lungfishes from Krasiejów probably belong to  
one species. Probably we are dealing with a new lungfish species of the genus Ceratodus, 
perhaps being an ancestor of Ceratodus philippsi or Ceratodus concinnus, or not associ-
ated with them.

Disclaimer
	 Analyzing the data presented by me it must be necessarily take into account,  
that there are many factors which can in some way affect the clarity of the conclusions 
that flow from such comparisons. First, variability and the various stages of ontogeny  
of studied specimens, which often causes large morphological differences even within 
specimens from the same species. Another subject may be a small number of examined 
specimens, giving a relatively small range of comparison. More examined tooth plates 
may able to reduce the importance of morphological differences resulting from the vari-
ability and age of individuals. Secondly, comparing lower and upper tooth plates together. 
An important factor is the uncertainty of the measurements made by me, which, despite 
efforts, may slightly distort the reading. Nevertheless, I think that all the conclusions  
are very close to the truth.
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Streszczenie
	

Późnotriasowe ryby dwudyszne z Krasiejowa koło Opola

	 W późnotriasowych rzeczno-jeziornych osadach ze starej kopalni iłów  
w Krasiejowie znaleziono siedem płyt zębowych (pięć dolnych, dwie górne) ryb dwudysz-
nych z rodzaju Ceratodus (Fig. 3). Reprezentują one różne stadia ontogenetyczne, gdyż na 
małych płytach widać tzw. guzki (Fig. 4), które ścierają się w miarę używania i są niewi-
doczne u osobników dorosłych. Płyty zębowe były przyrośnięte do kości przedstawowej 
(dolne płyty) i skzydłowo-podniebiennej (górne płyty) tworzyły sprawny aparat szczę-
kowy (Fig.1 i 2) służący do miażdżenia skorup mięczaków. W pracy dokonano porównań 
znalezionych płyt zębowych z płytami C. philippsi, C. concinnus i C. silesiacus aby okre-
ślić, czy należą one do któregoś z tych gatunków. Porównano ogólną morfologię płyt,  
a także przeprowadzono badania morfometryczne na podstawie pracy Vorobjevy i Minikha 
z 1968 roku. Wykorzystując diagram z tej pracy (Fig. 5) pomierzono odpowiednie 
kąty między grzebieniami płyt i wyniki zestawiono w Tab. I oraz na wykresie (Fig. 6). 
Wnioski płynące z porównań są takie, że wszystkie płyty znalezione w Krasiejowie należą  
do jednego gatunku.Ponadto, mimo podobieństw, nie jest to żaden w wymienionych wyżej 
gatunków, choć mogą istnieć między nimi powiązania. 
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