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Coe la canth fishes are now a days rep re sented by only two spe cies; how ever, in the Pa leo zoic and Me so zoic eras, they were
com mon el e ments of fresh wa ter and ma rine eco sys tems. Their re mains are known from sev eral Up per Tri as sic lo ca tions
world wide, but to date, they were not known from the fa mous site of Krasiejów (Opole area, SW Po land). Here, we de scribe
sarcopterygian iso lated scales and tooth-bear ing el e ments. Both scales and teeth have typ i cal sarcopterygian fea tures and
bear nu mer ous sim i lar i ties with fos sil and mod ern coe la canths. The scales, from their char ac ter is tic or na men ta tion pat tern,
can be de scribed in con sid er able de tail and de fined as Diplurus sp., be ing the first oc cur rence of the Diplurus ge nus out side
the New ark Supergroup, show ing that Tri as sic coe la canths lived on op po site mar gins of the large epicontinental sea lo cated
be tween mod ern North Amer ica and Eu rope. 
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INTRODUCTION

Abun dant fos sils of temnospondyl am phib i ans (Sulej and
Majer, 2005; Sulej, 2007; Gruntmejer et al., 2016; Konietzko -
-Meier et al., 2018; Antczak and Bodzioch, 2018a; Teschner et
al., 2018), archosaurs (e.g., Brusatte et al., 2009; Bronowicz,
2009; Fostowicz-Frelik and Sulej, 2010; Sulej, 2010; Antczak,
2016; Dzik and Sulej, 2016) and di verse ichthyofaunal re mains
have been found in the fine-grained de pos its of Krasiejów (SW
Po land) of Up per Tri as sic age (Carnian ac cord ing to e.g.,
Lucas, 2015; Dzik and Sulej, 2016; or Norian ac cord ing to e.g.,
Szulc et al., 2007, 2015; Jewu³a et al., 2019). To date, only a
few pa pers have fo cused on the Late Tri as sic fishes from
Krasiejów (Skrzycki, 2015; Antczak and Bodzioch, 2018b;
Kowalski et al., 2019), spe cif i cally on iso lated teeth and scales,
mostly as microfossils. Nev er the less, dif fer ent taxa have been
re ported from the lo cal ity, in clud ing sharks (Hybodontidae),
sev eral fam i lies of ray-finned fish (Actinopterygii), and lungfish
(Dipnoi) (Antczak and Bodzioch, 2018b; Kowalski et al., 2019).
New find ings al low us to add an other taxon to the list: coe la -
canths.

In the mudstone/claystone of Krasiejów two main bone-
 bear ing ho ri zons have been de scribed (Dzik and Sulej, 2007;
Bodzioch and Kowal-Linka, 2012; Fig. 1), al though ver te brate
re mains can be found also be tween them, es pe cially micro -
vertebrate fos sils. Fish scales were found in the lower bone-
 bear ing ho ri zon, which is the layer most abun dant in fos sil ma -
te rial, and mi cro scopic teeth were found in one of the ir reg u lar
lenses of coarser-grained de pos its. Ver te brate fos sil ma te rial
from the lower bone-bear ing ho ri zon is prob a bly at least par -
tially allochthonous (Konieczna et al., 2015) (re)de pos ited af ter
a flash flood (Bodzioch and Kowal-Linka, 2012). Sur face run off
might have oc curred in the Late Tri as sic en vi ron ment of
Krasiejów due to the sub trop i cal cli mate with dry and rainy sea -
sons in the en vi ron ment, sim i lar to mod ern-day Queensland,
Aus tra lia with its ‘Gilgai re lief’ in clud ing ephem eral lakes and
streams (Jewu³a et al., 2019).

The Coelacanthiformes are rep re sented by only two ex tant
spe cies, but the fos sil di ver sity of this clade is much higher,
com pris ing over 100 spe cies (Cloutier and Forey, 1991; Forey,
1998; Toriño et al., 2021). The old est rep re sen ta tives are
known from De vo nian de pos its (e.g., Szrek, 2007). In the Car -
bon if er ous they were most di verse, adapt ing to many dif fer ent
en vi ron ments, in clud ing as freshwa ter biota (Szrek, 2012).
Coe la canths were con sid ered ex tinct fol low ing the end-Cre ta -
ceous mass ex tinc tion, un til the fa mous dis cov ery of a liv ing
rep re sen ta tive in 1938. For many years they were la beled as
‘liv ing fos sils’, but re cent stud ies show that their ge no type is
chang ing sig nif i cantly (Cavin and Guinot, 2014). The fos sil re -
cord also re veals that, in the past, mor pho log i cal and an a tom i -
cal vari a tions within the group were higher than pre vi ously as -
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sumed (Casane and Laurenti, 2013; Cavin et al., 2017; Mon -
déjar -Fernández et al., 2021). The clos est rel a tives of coe la -
canths are lungfish (Dipnoi) (Amemiya et al., 2013). Here we re -
port sev eral oc cur rences in the Up per Tri as sic de pos its of
Krasiejów of iso lated coe la canth scales and tooth-bear ing bone 
el e ments with a high de gree of af fin ity to this group. Al though
the teeth can be only pu ta tively at trib uted to coe la canth fishes,
the size and com bi na tion pat tern of tu ber cules and ridges on
the ex posed ar eas of iso lated scales al low us to de scribe them
as be long ing to in de ter mi nate spe cies of the ge nus Diplurus. 

MATERIAL AND METHODS

Six coe la canth fish scales (~1–1.5 cm in di am e ter) have
been col lected from the field so far (Ta ble 1). The scales were
pre pared man u ally us ing me chan i cal tools. Dur ing ex ca va tion,
~5 tons of rock were col lected from the layer con tain ing ac cu -
mu la tions of ver te brate microfossils. The ma te rial was rinsed
with wa ter and hy dro gen per ox ide, sieved sev eral times, and
dried. As a re sult, ~250 kg of sieved sed i ment were ob tained
and in to tal over 5000 microfossil spec i mens were curated in
the Uni ver sity of Opole col lec tion. The microfossils were
hand-picked un der bin oc u lar mi cro scopes (as de scribed in
Kowalski et al., 2019). Among this col lec tion, six tooth-bear ing
frag ments were as signed to coe la canths.

For gen eral tax o nomic de scrip tion, the scale spec i mens
were ob served us ing an Optika SZN-3 ste reo scopic mi cro -
scope. Pho to graphs of scales and teeth were made us ing a

Leica M205 A mi cro scope at MCBR UO (In ter na -
tional Re search and De vel op ment Cen ter of the
Uni ver sity of Opole).

Spec i men UOPB3467 was ana lysed and
scanned us ing a Scan ning Elec tron Mi cro scope
Hitachi TM 3000 un der high vac uum with EDS (En -
ergy Dispersive X-ray Spec tros copy) for chem i cal
anal y sis.

In sti tu tional Ab bre vi a tions — UOPB, Uni ver sity
of Opole, De part ment of Palaeo bi ol ogy

RESULTS

SCALES

SYSTEMATIC PALAEONTOLOGY

Class Sarcopterygii Romer, 1955
Or der Coelacanthiformes Berg, 1937
Fam ily Mawsoniidae Schultze, 1993

Diplurus sp. Newberry, 1878

M a t e r i a l. – Six scales in the Uni ver sity of Opole col lec -
tion from the Up per Tri as sic Krasiejów site (SW Po land), hou -
sed at the In sti tute of Bi ol ogy. Three scales are well-pre served
al low ing de scrip tion of their or na men ta tion: UOPB 3465, 3466,
3467, and three oth ers are miss ing half of the scale (UOPB
3559), or the cen tral re gion (UOPB 35560), or have or na men ta -
tion par tially dam aged (UOPB 3558).

L o c a l i t y. – Up per Tri as sic site in Krasiejów, SW Po -
land, Grabowa Var ie gated Mudstone-Car bon ate For ma tion,
Pato ka Marly Mudstone-Sand stone Mem ber, Krasiejów bone -
-brec cia level.

D i a g n o s i s. – Scales char ac ter ized by 15–16 ridges
with the cen tral ridge be ing the larg est and two ad ja cent lat eral
ridges reach ing the scale‘s pos te rior mar gin. From basal (pre-
 Tri as sic) Coelacanthiformes rep re sen ta tives, it dif fers in hav ing
scale or na men ta tion in the form of elon gated ridges in stead of
small tu ber cles. From Tri as sic taxa, it dif fers in the num ber
(e.g., Ganbergia with 50 ridges) of ridges and not hav ing a
prom i nent sin gle cen tral ridge (i.e. Heptanema, Ticinepomis).
From Diplurus newarki and D. longicaudatus it dif fers in the
num ber of ridges, with two first lat eral ridges (clos est to the cen -
tral ridge) reach ing the scale mar gin. While cen tral ridges are
par al lel to the scale’s an te rior-pos te rior axis, ridges of the ex ter -
nal row are slightly oblique.

D e s c r i p t i o n. – The scales are rounded with a slightly
elon gated an te rior-pos te rior axis. The pos te rior edge is roun -
ded and wavy. This si nu soi dal mar gin is also seen on growth
rings (circulli, ac cord ing to Mahé et al., 2021, rep re sent ing an -
nual/pe ri odic scale growth). All spec i mens pos sess a se ries of
slen der and more or less par al lel and hol low ridges (tubes –
which can be de ter mined on the eroded sur face of scales where
bro ken ridges can be seen, es pe cially on UOPB 3465; Fig. 2I) on 
the pos te rior field, which is the part not cov ered by ad ja cent
scales (= free sur face on the ex ter nal side of the scale). Three of
the scales (UOPB 3455–3467) are de scribed in de tail as well -
-pre served spec i mens. Or na men ta tion oc cu pies ap prox i mately
two -fifths of the area of the scale. The ridges are par al lel or
slightly di rected to the cen tre of the scale. The me dial ones are
larger than the lat eral ones. Some ex tend to the scale mar gin,
while oth ers are shorter and end mid way. In such cases, an other
ridge emerges im me di ately af ter (or is slightly dis placed with re -
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Fig. 1. Sche matic sec tion of the strata ex posed in the Krasiejów 
ex ca va tion site (af ter Bodzioch and Kowal-Linka, 2012)

T a  b l e  1

Coe la canth scales: spec i men char ac ter is tics

Spec i men Length [mm] Width [mm] Num ber of ridges

UOPB 3465 15 12 16

UOPB 3466 16 ~13 15

UOPB 3467 ~9 11 >12

UOPB 3558 16 11 ?

UOPB 3559 ? 14 >9

UOPB 3560 15 12 ?

https://doi.org/10.1016/j.cub.2021.05.054
https://doi.org/10.14241/asgp.2019.10


spect to) the end of the pre vi ous one. The in ter nal sides of the
scales  are ex posed (Fig. 2). How ever, im pres sions of sev eral
large cen tral ridges can be seen (where the part of the cen tral
and pos te rior fields is miss ing). Ac cord ing to their spac ing and
size, it can be es ti mated that all spec i mens pos sess more than
a dozen ridges. In UOPB 3665 the tip of the two ridges (ad ja -
cent to the cen tral ridge) ex tends up to the scale mar gin.

In the cov ered part of the scale (over lapped by ad ja cent
scales), both lat eral and an te rior fields are or na mented with fine
striae ra di at ing from the cen tre-pos te rior part of the scale.
Around the fo cal point of the scale, nu mer ous dis tinct con cen tric
rings (circulli) can be ob served. Spec i men UOPB 3465 has a
well-pre served cen tral area. The fo cal point in this scale is a
round struc ture with out dis tinct sculp tur ing. The an te rior and lat -
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Fig. 2. Coe la canth scales from Krasiejów

A, G, H – UOPB 3466; B, I – UOPB 3465; C – UOPB 3467; D – UOPB 3560; E – UOPB 3558; F – UOPB 3559. r – or na men ta tion ridges 
(black – ridges or im prints seen on the bro ken parts of the scales, white – ridges seen through par tially trans par ent scales

on the in ter nal sur faces); ro – ridge open ing; scale bars 1 mm



eral field (parts cov ered by ad ja cent scales) has a feather-like
ap pear ance of ra di at ing fine striation (cross ing the growth rings).

 The pos te rior field re veals a dis tinct colour ing pat tern most
clearly seen on the scale UOPB 3466 (in ter nal sur face). Lon gi -
tu di nal dark stripes ex tend from the cen tre of the scale to the
edge. Colouration (dark im prints on the lighter brown scale)
over laps the sculp tur ing. While darker stripes ex tend along the
ridges, which makes es ti ma tion of the num ber of ridges eas ier.
The cen tre of the scale is also of a darker col our.

EDS ob ser va tion shows a chem i cal com po si tion typ i cal for
such ma te rial. The scales are made of bony ma te rial: cal cium
phos phate, Ca3(PO4)2. No ad di tional min er al og i cal sig nals
were found. 

TEETH

SYSTEMATIC PALAEONTOLOGY

Class SarcopterygiI Romer, 1955
Or der Coelacanthiformes indet. Berg, 1937

M a t e r i a l. – six tooth-bear ing el e ments (UOPB
3481–3486)

L o c a l i t y. – Up per Tri as sic site in Krasiejów, SW Po -
land, Grabowa Var ie gated Mudstone-Car bon ate For ma tion,
Patoka Marly Mudstone-Sand stone Mem ber, Krasiejów bone-
 brec cia level.

D i a g n o s i s. – Grasp ing teeth are con i cal, elon gated,
and curved back wards with vis i ble striations (enamel wrin kles)
pres ent at least on the lower part of the crown. The api cal part of 
the crown is not trans lu cent (as in actinopterygians). At the
base of the grasp ing teeth, there are nu mer ous, low, py ram i dal
and con i cal ad di tional teeth with out wrin kles on the enamel sur -
face. Pal a tal teeth are flat tened, bul bous, and low, ar ranged in
lon gi tu di nal rows with enamel wrin kles. The gill teeth are cur -
ved, con i cal, and sharp, ar ranged in a con fig u ra tion of three or
five teeth with enamel striations per toothplate.

D e s c r i p t i o n. – Frag ments of the tooth-bear ing bones 
with dentition ten ta tively at trib uted to coe la canths can be di -
vided into three morphotypes (Fig. 3).

The first morphotype (Fig. 3A–F) in cludes frag ments of
bone with at tached char ac ter is tic dentition. The la bial sur face of 
the bone lacks ad di tional teeth and its wall is high and ver ti cal.
The main row of teeth con sists of prom i nent and mas sive
crowns ar ranged in a sin gle line (3 in spec i men UOPB 3481;
only one can be seen in in com plete spec i men UOPB 3482,
though there are vis i ble cir cu lar bases of bro ken ad di tional
teeth in the row). Tooth size in creases dis tally in spec i men
UOPB 3481. Teeth are at tached to the bone sur face with wid -
ened bases. The tooth bases are round in occlusal view and the 
crowns are not flat tened in the api cal part. The crowns from the
main row are pointed, elon gated, and strongly curved back -
wards. The api ces of the crowns are worn and blunted, which is
par tic u larly vis i ble in the case of the last, larg est tooth in the row
(UOPB 3481). On their en tire sur faces, the teeth from the main
row have clear striations formed by rel a tively few wrin kles run -
ning by the lon gi tu di nal axis of the crown. Nu mer ous and ir reg u -
larly ar ranged ad di tional teeth are vis i ble on the en tire sur face
of the bone from the lin gual side. They are very small and do not 
ex ceed half the height of the low est tooth in the main row. Their
api ces are rounded and not very sharp. These ad di tional teeth
are very slightly curved back wards and do not have striations
on their sur face. Both in the case of large teeth and small ad di -
tional teeth, the api ces of the crowns do not pos sess acrodin

caps, the semi-trans par ent enamel char ac ter is tic of ray-finned
fish (Actinopterygii).

Spec i mens as signed to the sec ond morphotype (Fig.
3G–K) are flat, elon gated bone frag ments with nu mer ous bul -
bous teeth ar ranged in ir reg u lar rows. Un for tu nately, al most the
en tire sur face of the spec i mens (UOPB 3483 and 3484) is cov -
ered with heavily ce mented sed i ment, the re moval of which
would most likely dam age the frag ile fos sil. Only the api cal parts 
of the tooth crowns are vis i ble, which are low and cir cu lar in
occlusal view, and have poorly marked api ces. Lat er ally the in -
di vid ual teeth are strongly in clined, with elon gated bases and a
rounded up per sur face of the crown. On the sur face of the
teeth, vis i ble wrin kles con verge to wards the apex. The teeth are 
of dif fer ent sizes and the larg est of them are lo cated in the den -
tal row ly ing at one of the edges of the bone el e ment. On the
edge of UOPB 3483, there are also traces of bro ken teeth. The
spec i mens de scribed are un doubt edly parts of larger bone el e -
ments. 

Spec i mens as signed to the third morphotype (UOPB 3485
and 3486; Fig. 3L–Q) are flat bone plates with sev eral de vel -
oped teeth. The el e ments de scribed are not frag ments of larger
el e ments since, apart from small de fects at the edges, the bone
plates are com plete. Each base is slightly con vex and smooth.
In occlusal view, the plate is oval. On its up per sur face, there
are three (UOPB 3485) or five (UOPB 3486) teeth at tached to
the bone sur face with strongly wid ened bases. There is no vis i -
ble bound ary be tween the base of the tooth crowns and the
bone plate. The teeth in occlusal view are ar ranged in the shape 
of a tri an gle (UOPB 3485) or two par al lel rows (UOPB 3486).
Most of the crowns are miss ing (bro ken), and only a few are
com plete. In occlusal view, the bases of the teeth are cir cu lar
and the crowns do not flat ten in the up per part. The com pletely
pre served crowns are mas sive and their up per sec tions are
curved. On its en tire sur face, each tooth has de vel oped or na -
men ta tion formed by prom i nent wrin kles run ning along the lon -
gi tu di nal axis of the tooth. In the basal part, the or na men ta tion is 
barely vis i ble. On the tooth crowns that are bro ken, the wrin kles
of enamel are vis i ble.

DISCUSSION

SCALES 

All spec i mens bear or na men ta tion con sist ing of lon gi tu di -
nal hol low ridges cov er ing two-fifths of the scale, as typ i cal for
coe la canths, e.g., Miguashaia bureaui (Mondéjar-Fernández
et al., 2021: fig. 2). Pa leo zoic coe la canth scale or na men ta tion
is char a c ter ized by nu mer ous small and densely packed tu -
ber cles and ridges, while Me so zoic and Ce no zoic taxa pos -
sess rather fewer, but larger, el e ments (Mondéjar-Fernández
et al., 2021: fig. 11).

 Thus, the ma te rial de scribed dif fers dis tinctly from pre-Tri -
as sic taxa. From Rhabdoderma it dif fers in hav ing cen tral
ridges, the larg est with lat eral ridges be ing dis tinctly smaller.
From Caridosuctor it dif fers with the ovate shape of the scale,
with a rounded pos te rior mar gin and the cen tral-larg est ridge
not reach ing the scale mar gin. 

Tri as sic taxa also pos sess dis tinctly dif fer ent or na ment than 
seen on the scales from Krasiejów. Ganbergia pos sesses over
50 densely-packed ridges (Yabumoto and Newman, 2004: figs.
1–3). In Heptanema each scale bears a stout, prom i nent me -
dian ridge end ing pos te ri orly in a pointed spine that ex tends be -
yond the pos te rior mar gin of the scale (Renesto and Stockar,
2018: fig. 12B). Ticinepomis pos sesses oval scales or na -
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Fig. 3. Coe la canth teeth from Krasiejów

A–F – morphotype 1 (A–C –UOPB 3481; D–F – UOPB 3482); G–K – morphotype 2 
(G, H – UOPB 3483, I–K – UOPB 3484); L–Q – morphotype 3 (L–N – UOPB 3485,

O–Q – UOPB 3486); scale bars 1 mm



mented with a clus ter of elon gated ridges sur round ing a me dian 
larger ridge (Ferrante et al., 2023: fig. 15H). Some basal Coela -
canthiformes pos sess more sparse or na ment (e.g., Coela -
canthus harlemensis from Ju ras sic de pos its of Solnhofen has
5–12 ridges – Lamber, 1991: figs. 8, 11), but their elon gated tu -
ber cles/ridges are lo cated rather ran domly with no dis tinct dif -
fer ence in their length. The or na men ta tion pat tern, with the larg -
est ridge lo cated in the cen tre of the pos te rior field of the scale
with lat er ally dis trib uted smaller ridges, is con sid ered a pos si ble 
de rived char ac ter of the Mawsoniidae (Mondéjar-Fernández et
al., 2021).

Spe cies closely re lated to Mawsoniidae from the Mid dle Tri -
as sic Guanling For ma tion pos sess a sig nif i cantly lower num ber
of ridges (i.e., Yunnancoelacanthus 3–7 ridges) or tu ber cu late
or na men ta tion rather than ex tended ridges, i.e., Luopingco -
elacanthus (Wen et al., 2013: fig. 6).

The Krasiejów spec i mens also dif fer from Cre ta ceous
Axelro dichthys by pos sess ing only one cen tral ridge which is
dis tinctly larger than the oth ers and by hav ing a more or gan ized 
ridge lo ca tion in two rows as well as a rounded pos te rior mar gin. 
It dif fers from Ju ras sic Lualabaea by hav ing a rounded pos te rior 
mar gin and the cen tral larg est ridge not reach ing the mar gin
(Forey, 1998; Mondéjar-Fernández et al., 2021: fig. 11). 

The scales de scribed from Krasiejów most closely re sem -
ble those of Diplurus.

Tax o nomic iden ti fi ca tion of the iso lated scales is dif fi cult be -
cause scale or na men ta tion var ies sig nif i cantly be tween var i ous 
re gions of the fish body (Rob erts, 1993). Ac cord ing to Schaef -
fer’s de scrip tion of the Diplurus newarki (Schaeffer, 1952: fig.
12), the pat tern of a large ridge in the mid dle, and smaller ridges 
(vaguely point ing to the cen tre) in the lat eral parts is typ i cal of
lat eral-dor sal scales. Scales from other re gions pos sess fewer
ridges with no larger ridge in the cen tre. Thus, the coe la canth
scales from the Krasiejów site can be de scribed as scales from
the lat eral-dor sal part of the body.

The ridges’ es ti mated pat tern (ac cord ing to size, ori en ta -
tion, and num ber of ex posed ridges) is most sim i lar to that of
Diplurus newarki from the Tri as sic de pos its of the New ark
Supergroup (east ern coast of USA) (which has up to 13 ridges). 
An other de scribed spe cies, Diplurus longicaudatus from the
Lower Ju ras sic of North Amer ica (Newberry, 1878) pos sesses
up to 27 ridges in the same ‘mawsoniid-like’ pat tern (Wen et al.,
2013). Sim i lar in gen eral char ac ter is tics and size (~2 cm) are
also scales re ported as Diplurus sp. from the Up per Tri as sic of
Vir ginia (Weems and Kimmel, 1993) and scales of the Up per
Tri as sic Chinlea (Schaeffer, 1967), but they both pos sess up to
40 ridges at the pos te rior field.

The char ac ter and ori en ta tion of ridges in the pos te rior field
al low for as sig na tion to Diplurus sp. The num ber of ridges
(15–16) is dif fer ent than in known spe cies (up to 13 in D.
newarki and up to 27 in D. longicaudatus), un usual is also the
con di tion of two lat eral ridges (clos est to the cen tral ridge)
reach ing the scale mar gin. Ridges in the ex ter nal row are also
slightly oblique with re spect to the in ner row, while in D. newarki
they form a di rect (straight-line) con tin u a tion.

The or na men ta tion pat tern forms on the scale a kind of col -
our pat tern. This re sem bles the col our pat tern in mod ern stri -
ped bass (Morone saxatilis), where the el e vated part of the pos -
te rior field of a sin gle scale is darker than the rest of the lat eral
fields (Zhu et al., 2013). The fact that the stripes are vis i ble only
on pos te rior fields also sug gests that the or na men ta tion re sem -
bles scale colouration in part, and that the stripes vis i ble on the
fos sil scales are not a re sult of depositional pro cesses that
would in clude the whole scale.

Colouration pres er va tion ex am ples are known for many tax -
o nomic groups of in ver te brates and ver te brates across the fos -

sil re cord from the early Pa leo zoic on wards (e.g., Turek, 2009;
Baliñski, 2010; Kaplan, 2010). The old est known ex am ple of
fish with pre served colouration is Elonichthys from Permo-Car -
bon if er ous strata of Kan sas (USA). That spec i men shows ev i -
dence of countershading but also pos sesses lat eral stripes to
break up the out line of the body (Gottfried, 1989). This kind of
pat tern is also known from more re cent fos sils of actino -
pterygians from the Eocene of Monte Bolca, It aly (Vinther,
2015). How ever, no ev i dence of chromatophores were noted in
the ma te rial de scribed. Stripes are vis i ble  on the scales with the 
in ner sur face pre served, be ing most prob a bly ridges from the
outer sur face vis i ble through a par tially trans par ent scale. The
darker col our of the stripes is caused by their in creased thick -
ness and such a pat tern of iso lated scales may not cor re spond
to the gen eral colouration pat tern for the fish body.

The sup posed en vi ron ment would nev er the less fa vour dis -
rup tive pat terns of colouration rather than countershading or
multi-col oured de signs. Dis rup tive colouration is use ful for a
spe cies liv ing in more tur bid, murky wa ter with less con spic u ous 
countershading (Fig. 4; Vinther, 2015). A ‘swampy’ en vi ron -
ment was also in ter preted by Schaeffer (1952) as the en vi ron -
ment where Diplurus newarki was the most abun dant (for D.
longicaudatus streams were pro posed as the prob a ble hab i tat). 
The Krasiejów palaeoenvironment is in ferred to be ephem eral
lakes, swamps, and me an der ing rivers (Gruszka and Zieliñski,
2008; Bodzioch and Kowal-Link, 2012; Kowalski et al., 2019;
Jewu³a et al., 2019).

TEETH

The microfossil spec i mens de scribed closely re sem ble the
dentition of pred a tory rep re sen ta tives of the Sarcopterygians.
The dentition of coe la canths and their clos est rel a tives is char -
ac ter ized by a var ied mor phol ogy de pend ing on the lo ca tion of
the tooth-bear ing el e ments. The grasp ing teeth are straight or
slightly re curved, ta per ing mark edly from the base to ward the
apex. The tooth crowns do not flat ten to wards the apex and re -
main cir cu lar or slightly oval in occlusal view along their en tire
length (Fig. 3). A char ac ter is tic fea ture of this dentition is the
pres ence of ra dial or na men ta tion formed by a rel a tively few, but 
most of ten very dis tinct, wrin kles in the enamel run ning par al lel
to the lon gi tu di nal axis of the tooth crown (Fig. 3). These wrin -
kles in the cross-sec tion of the tooth pen e trate in ter nally and
form a plicidentine struc ture. This is a fea ture that de vel oped in
Sarcopterygia dentition as early as the De vo nian and, as a pri -
mary, plesiomorphic fea ture, was pre served in later rep re sen ta -
tives of this group (Szrek, 2012). The grasp ing dentition in coe -
la canths, un like the teeth of am phib i ans known from the Kra -
siejów site, does not have de vel oped edges, and the api cal part
is not flat tened. To the tip, the occlusal shape of the crowns of
teeth in ter preted as be long ing to lobed-finned fish is cir cu lar or
very slightly oval. In the case of spec i mens rep re sent ing the
pre sumed lobe-finned dentition, the grasp ing teeth are al ways
sur rounded on at least one side by a dense mo saic of very low
and slightly pin nate teeth (Fig. 3). The ac ces sory teeth sur -
round ing the main grasp ing teeth are low, mas sive, py ram i dal
and the api ces of their crowns are not so pointed and sharp.
They also lack lon gi tu di nal or na men ta tion and their sur face is
smooth (Clément, 2005; Meunier et al., 2015; Maan et al.,
2017). The dentition de scribed, how ever, is very sim i lar to spec -
i mens from a few other palaeontological sites, be ing most sim i -
lar to the dentition of the ge nus Swenzia (the ectopterygoid of
the holotype spec i men MNHN JRE 47) from the Oxfordian (Ju -
ras sic) de pos its of the Levigny site in France (Clément, 2005).
They also share many fea tures with spec i mens from the Snyder 
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Quarry site in New Mex ico (Heckert and Jenkins, 2005) iden ti -
fied as coe la canth tooth plates. More tri an gu lar teeth ar ranged
on plano-con vex plates in cluded in the third morphotype are
prob a bly gill teeth (Isokawa et al., 1968).

To sum up, the first morphotype could be con sid ered as
rep re sent ing buccal grasp ing toothplates, the sec ond morpho -
type as a frag ment of larger denticulate plates (pterygoid,
prearticular, parasphenoid, etc.), and the third morphotype as
iso lated toothplates cov er ing the gill arches.

PALAEOGEOGRAPHY

The oc cur rence of Diplurus in south ern Po land shows that
this coe la canth ge nus was pos si bly wide spread across the
epicontinental sea be tween the mod ern east ern part of North
Amer ica and Eu rope (see north-cen tral part of Pangea in the
Late Tri as sic – Fig. 5A). Coe la canths have not pre vi ously
been noted from the Tri as sic de pos its of Krasiejów. How
freshwa ter taxa came to oc cur on op po site sides of the sea
can not be de ter mined based on the pres ent ma te rial. Their
an ces tor might have lived in these ar eas be fore the open ing of 
the sea in the Early Tri as sic, or per haps they mi grated along
the coast (see sites with Diplurus on the coast of North Amer -
ica – Fig. 5B). The other pos si bil ity is that the newly opened
shal low sea was brack ish, bor dered by an ocean with sig nif i -
cant freshwa ter in put from the con ti nent, al low ing the mi gra -
tion of euryhaline spe cies. 

CONCLUSIONS

Dif fer ent groups of fish have pre vi ously been known from
the fine-grained Up per Tri as sic de pos its of Krasiejów (south ern
Po land), in clud ing sharks, dip no ans and actinopterygians.
These new dis cov er ies of iso lated scales and teeth add coe la -
canths to the list.

The pre served coe la canth scales pos sess or na men ta tion
of del i cate ridges at the pos te rior field. The pat tern of ridges re -
sem bles that of the Mawsoniid coe la canths and the num ber of
ridges is sim i lar to the scale or na men ta tion of the Me so zoic ge -
nus Diplurus, with some dif fer ences to the pre vi ously known
spe cies D. newarki from the Tri as sic and D. longicaudatus from
the Ju ras sic, both of North Amer ica. This new ma te rial from Po -
land is here as signed to Diplurus sp. More over, this is the first
oc cur rence of Diplurus out side the New ark Group of the east -
ern part of North Amer ica.

The dentition in ter preted here as be long ing to coe la canths
is dis tinctly dif fer ent from that of com mon temnospondyl and
actinopterygian fos sils. The most char ac ter is tic fea tures are:
the type of im plan ta tion, lon gi tu di nal wrin kles of enamel, and
the gen eral ar range ment of teeth. In terms of struc ture and ar -
range ment, this is most sim i lar to the dif fer ent types of dentition
that can be found in the buccal, pal a tal, and branchial re gions of 
coe la canths de scribed from other fos sil sites and ob served on
the ex tant coe la canth Latimeria (Millot and An thony, 1958). 
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Fig. 4. Re con struc tion of the coe la canth fish with striped scales, 
show ing pos si ble place ment of one of the scales

Shaded parts of the scale were cov ered by ad ja cent scales; C – circulli, r – or na men ta tion ridges; re con struc tions 
of the scales of cho sen mawsoniids and Latimerioidei (au thor J. Kowalski)
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Fig. 5. Lo ca tion of Diplurus finds

A – Pangea in the Late Tri as sic with Diplurus lo cal i ties (mod i fied af ter Scotese, 2014); B – re cords of Diplurus
in North Amer ica (https://www.gbif.org/species/8328305)
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