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Amblypteridae are ray-finned fish par tic u larly com mon in late Car bon if er ous and early Perm ian ver te brate as sem blages. We
de scribe a rich new fish as sem blage from the Po land-Czechia bor der land, com posed of only one spe cies of amblypterid:
Paramblypterus rohani. The anal y sis of ar tic u la tion and com plete ness of the in di vid u als un earthed shows that most of them
un der went two, strongly dif fer ent taphonomic his to ries. The first is rep re sented by highly ar tic u lated and com plete spec i -
mens bur ied close to their death site. Their de com po si tion took place mainly at the bot tom of a deep lake with low hypolimnic
tem per a ture and bot tom hypoxia. The sec ond is rep re sented by highly disarticulated and in com plete spec i mens, for which
the bloat and float mech a nism ap pears to be the main driver of de com po si tion. The re sults ob tained sug gest that ther mal
con di tions in the for mer res er voir were sea son ally vary ing. More over, the mass oc cur rence of amblypterids in en vi ron ments
largely touched by hypoxia shows that they were ef fi cient open-wa ter pred a tors, which con trasts with pre vi ous
ecomorphological stud ies of this group. The strati graphic po si tion of the as sem blage stud ied re mains un clear due to con flict -
ing biostratigraphic and field data. The most par si mo ni ous res o lu tion of this am bi gu ity co mes through con sid er ing the oc cur -
rence of var i ous amblypterid spe cies in the Intra-Sudetic Ba sin as con trolled by en vi ron men tal fac tors rather than by
evo lu tion.
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INTRODUCTION

Amblypterids are among the most com mon fish fos sils oc -
cur ring in the up per Car bon if er ous to lower Perm ian fresh wa ter
strata of Eu rope. They are com po nents of most fish as sem -
blages rec og nized from this in ter val in the belt stretch ing to day
from Spain in the west to Czechia in the east (Soler-Gijon and
Moratalla, 2001; Štamberg, 2013a). They are fusiform to
slightly hump-backed, rel a tively small actinopterygians, usu ally
reach ing up to twenty centi metres in length. Spe cies be long ing
to this group show a lim ited interspecific di ver sity, seen mainly
as vari a tions in cra nial bone shape and scale or na men ta tion
(Dietze, 2000; Štamberg, 2021). All are re garded as plankti -

vorous, though some ontogenetic shifts in di etary pref er ences
are in ferred as their dentition var ied with age (Štamberg, 2020).
Amblypterids usu ally oc cur in lac us trine fa cies to gether with
other ver te brates, such as ac an tho dians, chondrichthyans,
sarcopterygians, am phib i ans and other actinopterygians (Zajíc
and Štamberg, 2004; Štamberg, 2021). They dom i nate some
ver te brate as sem blages. An ex am ple of an amblypterid-rich
de posit is the lower Perm ian (Asselian) suc ces sion of the
Saar-Nahe Ba sin, com pris ing sev eral lac us trine lev els from
which hun dreds of amblypterid in di vid u als had been re cov ered
(Dietze, 1999). Be cause of their abun dance, stud ies on
amblypterid di ver sity, palaeo bi ol ogy and eco log i cal pref er -
ences are piv ot ally im por tant for the un der stand ing of late Car -
bon if er ous to early Perm ian fresh wa ter eco sys tems.

Three spe cies of amblypterids from Eu rope have well-rec -
og nized anat omy. The best stud ied is Paramblypterus
duvernoyi for which the ma te rial col lected al lowed for three-di -
men sional body re con struc tions, func tional in ter pre ta tions and
stud ies on intraspecific vari abil ity (Dietze, 1999, 2001), mainly
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known mainly from the Saar-Nahe Ba sin in west ern Ger many.
Two other spe cies come from the Intra-Sudetic Ba sin in
Czechia and Po land: P. rohani and P. vratislaviensis. Param -
blypterus rohani oc curs also in the Krkonoše-Piedmont Ba sin in 
Czechia.

In the spe cies from the Intra-Sudetic Ba sin, the body re con -
struc tions are less com pre hen sive though still based on nu mer -
ous spec i mens (Štamberg, 2021, 2022). A pe cu liar pat tern of
dis tri bu tion oc curs with P. rohani and P. vratislaviensis in the
Intra-Sudetic Ba sin. Paramblypterus vratislaviensis oc curs in
the Ruprechtice lake de pos its, ac com pa nied by abun dant fos -
sils of other ver te brates, such as xenacanthids, temnospondyls
and seymouriamorphs, though no other amblypterids (Štam -
berg, 2021). By con trast, P. rohani oc curs in the Otovice lake
de pos its, con sti tut ing a strongly dom i nant com po nent; other
ver te brates are sig nif i cantly less fre quent. These de pos its in -
clude xenacanthids, aeduellid actinopterygians and rare P.
vratislaviensis spec i mens (Štamberg, 2022). Be sides the
Intra-Sudetic Ba sin, P. vratislaviensis has been re ported from
the North-Sudetic Ba sin (Roemer, 1857; Becker, 1869; Weiss,
1879); how ever, these oc cur rences re quire re in ves ti ga tion in
the light of the re cent re vi sion of this spe cies (see Štamberg,
2021).

Here, we de scribe a new ver te brate as sem blage from the
Intra-Sudetic Ba sin com posed ex clu sively of amblypterids.
Their ut ter dom i nance sug gests that the as sem blage re lates to
an en vi ron ment strongly fa vour able for these an i mals. We use
sedimentological and taphomical data from this as sem blage to
rec og nize the con trols on these amblypterids’ ap par ent abun -
dance and to re con struct the con di tions pre ferred by these
fishes.

GEOLOGICAL SETTING

The Intra-Sudetic Ba sin rep re sents one of the large late- to
post-Variscan intramontane troughs of Eu rope. It is sit u ated at
the north ern mar gin of the Bo he mian Mas sif, as a
fault-bounded synclinorial struc ture. Dur ing the lat est Car bon if -
er ous and ear li est Perm ian the ba sin was filled with dom i nantly
fine-grained de pos its of al lu vial to lac us trine or i gin ac com pa -
nied by vol ca nic rocks. The Lower Rotliegend – Krajanów For -
ma tion (Beèkov Mem ber) and S³upiec For ma tion (Broumov
For ma tion) are in ter preted as two suc ces sive, fin ing-up wards
megacyclothems con sist ing, from base to top, of al lu vial fan,
flu vial and lac us trine de pos its (e.g., Dziedzic, 1961; Wojewoda
and Mastalerz, 1989; Kurowski, 2004; Kowalski and Furca,
2023). The dou ble lithostrati graphic ter mi nol ogy re sults from
the in de pend ent his tory of re search in the Czech and Pol ish
parts of the ba sin. The sed i men ta tion of the S³upiec (Broumov)
For ma tion was in flu enced by vol ca nic ac tiv ity en tail ing em -
place ment of subvolcanic in tru sions, lavas and wide spread ig -
nim brites (Awdankiewicz, 1999; Awdankiewicz et al., 2003) and 
has been in ter preted as an al lu vial fan fring ing cen tral
playa-like, shal low lakes (Kurowski, 2001, 2004). The ex tent of
the lake de pos its in the ba sin cen tre fluc tu ated, prob a bly as a
re sult of cy cli cal cli mate changes, as well as from pos si ble tec -
tonic con trols (Dziedzic, 1961; Wo³kowicz, 1988; Wojewoda
and Mastalerz, 1989; Kurowski, 2004). These pro cesses led to
sev eral lev els of lac us trine de pos its, two of which in the Czech
part of the Ba sin have been dis tin guished as the Ruprechtice
and Otovice ho ri zons (Tásler et al., 1979). The for mer was de -
pos ited ear lier and is sep a rated from the Otovice ho ri zon by a
pack age of volcanogenic rocks. In the Pol ish part, all lac us trine
de pos its are usu ally as signed to the Walchia shales, be ing re -
garded as a sub di vi sion of the S³upiec For ma tion, roughly
equiv a lent to the Olivìtín Mem ber (Awdankiewicz et al., 2003).

The new fish as sem blage co mes from an ex po sure of the
S³upiec (Broumov) For ma tion in the vi cin ity of Janików, be ing
part of the T³umaczów vil lage. The ex po sure is lo cated close to
the Pol ish-Czech bor der, on the south ern bank of the
Bo¿anowicki stream, in the cen tral part of the Intra-Sudetic Ba -
sin (Fig. 1A). The sec tion (Fig. 1B, C) starts with 1.5 m of dark to 
brown tuffs, con spic u ously lam i nated. This is over lain by the
fish-bear ing fossiliferous in ter val com posed of microlaminated,
bi tu mi nous marlstone, ~60-cm-thick. Min er al og i cally, it com -
prises mainly microsparitic cal cite with nu mer ous em bed ded
automorphic crys tals of do lo mite, prob a bly late diagenetic in or i -
gin (Fig. 1D). The hor i zon tal lam i na tion of the rock re flects en -
rich ment in iron ox ides and or ganic mat ter, in ter ca lated in the
car bon ate ma trix. Be side the fish, this pack age is also rich in
plant re mains dom i nated by Lobatopteris, Nemeicopteris and
Dicksoniites (Šimönek and Ploch, 2022). No in ver te brates were 
found. The fossiliferous shale, as well as un der ly ing tuffs, are lo -
cally strongly si lici fied and con tain chalcedonic lenses. The
fossiliferous layer is over lain by a ~10-cm-thick layer of bi tu mi -
nous mudstone. It ter mi nates with a sharp ero sional bound ary,
above which is a ~1-m-thick pack age of a coarse-grained,
cream-col oured tuff. In nearby ex po sures, the fossiliferous se -
quence is suc ceeded by shales with ripplemarks and poorly-
 pre served tetrapod tracks.

MATERIALS AND METHODS

The actinopterygian ma te rial stud ied from Janików com -
prises 100 spec i mens, listed in the sys tem atic palae on tol ogy
sec tion. The ma jor ity of these spec i mens were un earthed dur -
ing field work we con ducted in 2018–2022. An ex cep tion is
MGUWr 6417s col lected by Anna Górecka-Nowak in 1980.
Most of the spec i mens ex ca vated were pre pared via me chan i -
cal meth ods us ing man ual and pneu matic nee dles. In some
cases, the rock ma trix was soft ened us ing a di luted so lu tion of
ace tic acid (~10% w/w).

The com par a tive ma te rial com prises amblypterids,
aeduellids, trissolepidids and paleoniscids from the Czech part
of the Intra-Sudetic Ba sin, Krkonoše Piedmont Ba sin,
Boskovice Ba sin, and west ern Bo he mia bas ins housed in the
Mu seum of East ern Bo he mia in Hrádec Kralove (Neslovicella
rzehaki, N. elongata, Aeduellidae indet., Aeduella sp.
Bourbonella hirsuta) and the Na tional Mu seum in Prague
(Paramblypterus rohani, P. vratislaviensis, P. ziedleri, P.
kablikae, Sceletophorus biserialis, Sphaerolepis kounovensis,
Pyritocephalus sculptus), as well as the amblypterids from the
Saar-Nahe Ba sin housed in the col lec tion of the Geoskop
Urweltmuseum in Thallichtenberg (un num bered, about two
hun dred spec i mens of un de ter mined Paramblypterus spec i -
mens). The an a tom i cal ter mi nol ogy of skull roof and rostral
bones fol lows Štamberg (2022), how ever sev eral ter mi nol o gies 
can be found in the amblypterid lit er a ture. To re tain con sis tency
with pre vi ous work, al ter na tive names of os si fi ca tions used in
the stud ies of Dietze (2001) and Štamberg (2021) are placed in
brack ets in the text.

Es ti ma tions of the ar tic u la tion and com plete ness of spec i -
mens fol low the method de scribed by Beardmore et al. (2012)
and Beardmore and Furrer (2016) though with mod i fi ca tions.
The fish body was di vided to nine re gions, sep a rately scored for 
com plete ness and ar tic u la tion: skull, pec to ral gir dle, pec to ral
fins, pel vic fins, dor sal fin, anal fin, cau dal fin, trunk an te rior to
the dor sal fin edge, and trunk pos te rior to the dor sal fin edge.
Both pa ram e ters were scored us ing a four-level scale. Con sec -
u tive lev els of ar tic u la tion cor re spond to the fol low ing states: (0)
com plete dis con nec tion of the el e ments be long ing to the re -
gion, (1) con nec tion be tween at least part of the el e ments be -
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Fig. 1. Study site

A – map of the Intra-Sudetic Ba sin with fish-bear ing lo cal i ties of the S³upiec (Bromov) For ma tion marked; B – geo log i cal sec tion of the
Janików ex po sure; C – au thors (P.R and W.P) at field work at the Janików site; ar rows in di cate the fish-bear ing part of the sec tion; D – thin
sec tion of a fish-bear ing marlstone (crossed polars) from Janików; ab bre vi a tions: D – do lo mite automorphic crys tals, O – ac cu mu la tions of 
or ganic mat ter and iron ox ides



long ing to the re gion with each other, (2) dis lo ca tion of the el e -
ments with pres er va tion of their gen eral po si tion within the skel -
e ton, dis con nec tion of less than 5% of the el e ments, (3) full an -
a tom i cal ar tic u la tion. For com plete ness: (0) the com plete lack
of the re gion, (1) pres ence of at least part of the el e ments be -
long ing to the re gion, (2) lack of up to 5% of the el e ments, (3)
pres ence of all el e ments. Ob vi ously, es ti ma tion of the pa ram e -
ters is not pos si ble for all spec i mens col lected due to dam age
in curred dur ing ex ca va tion or rock weath er ing. In such cases,
the pa ram e ters were not scored. In case of slight in com plete -
ness of the re gion re sult ing from non-taphonomic causes, we
as sumed that the part lack ing rep re sented a state sim i lar to the
part pres ent. For ev ery in di vid ual stud ied, the av er age com -
plete ness and av er age ar tic u la tion scores were cal cu lated on
the ba sis of nine scores es ti mated for each body re gion. Sta tis -
ti cal anal y sis was per formed us ing PAST 4.10 soft ware.

To es ti mate fre quen cies of the modes of pres er va tion, we
stud ied all spec i mens housed in the MGUWr and spec i mens
col lected in the field, sub se quently housed in the ZPAL. The lat -
ter were un earthed from a vol ume of the fossiliferous shale via
sep a ra tion of par tic u lar laminae, and col lec tion of all fish re -
mains found. Spec i mens too weath ered for re li able scor ing
were ex cluded from anal y sis. Con cern ing the MGUWr col lec -
tion, small (1–2 cm2) rock slabs con tain ing fish re mains were
ex cluded from anal y sis to avoid bias re sult ing from the col lec -
tion of frag mented slabs, pos si bly con tain ing more com plete in -
di vid ual be fore their desintegration. The ex ca va tions re vealed
that iso lated scales or bones are ex tremely rare in the Janików
site while disarticulated spec i mens with scat tered scalation are
rel a tively fre quent, which jus ti fies the ex clu sion ap plied. In all,
29 spec i mens were used in the anal y sis, 26 housed in ZPAL
and 3 in MGUWr.

INSTITUTIONAL ABBREVIATIONS

ZPAL – In sti tute of Paleobiology of the Pol ish Acad emy of
Sci ences, War saw

MGUWr – Geo log i cal Mu seum of the In sti tute of Geo log i cal
Sci ences of Wroc³aw Uni ver sity

RESULTS

SYSTEMATIC PALAEONTOLOGY

Class: Osteichthyes Huxley, 1880
Sub class: Actinopterygii Cope, 1887
Fam ily: Amblypteridae Romer, 1945

Paramblypterus rohani (Heckel & Kner, 1861)

Re ferred ma te rial. – ZPAL V.81/001-044, 046-047,
MGUWr 5822s, 5824s, 5826s-5828s, 5830s, 5833s-5836s,
5839s, 5840s, 5843s-5849s, 6305s, 6416s, 6417s, 6530s,
6536s, 6540s, 6545s, 6549s.

Lo cal ity and age. – Janików, bi tu mi nous marlstone,
Asselian.

D e s c r i p t i o n. – Nu mer ous actinopterygian spec i mens
from Janików rep re sent com plete in di vid u als with well-pre served 
skel e tons ex cept skulls. All spec i mens rep re sent a fusiform sil -
hou ette with slightly con vex back be tween the skull and dor sal fin 
(Fig. 2). Some spec i mens (e.g. MGUWr 6305s, ZPAL V.81/042)
ap pear to have a deep ened body com pared to other in di vid u als,
though this re sults from dorsolateral com pac tion.

The cra nial anat omy is pro vided by five in di vid u als: MGUWr 
6305s, MGUWr 6417s, ZPAL V.81/042, ZPAL V.81/046, and
two iso lated bones: ZPAL V.81/013 and ZPAL V.81/020. The
jaws and circumorbital se ries are the best-pre served parts of
the skull in MGUWr 6417s (Fig. 3A). The maxilla is di vided into
an elon gated an te rior part and deep pos te rior field. Most of the
an te rior part is over lapped, post mor tem, by the infraorbital in fe -
rior and jugal. It bears doz ens of tiny, con i cal teeth. The pos te -
rior field is frag mented and eroded. How ever, its roughly oval
shape, slightly elon gated anteroposteriorly, is vis i ble. Only the
anteriormost part of the pos te rior field ap pears to be tooth-bear -
ing. The dor sal mar gin be tween the an te rior and pos te rior fields
is steep. The lower jaw is nar row, thick en ing pos te ri orly. In the
an te rior part, open ings for the man dib u lar sen sory line are vis i -
ble. The pos te rior part is abraded and par tially cov ered by the
pos te rior field of the maxilla. The jugal is a ro bust bone with con -
spic u ous as cend ing and an te rior pro cesses. Its postero ventral
edge is con vex, re veal ing the shape of the su ture with the
maxilla. The an te rior pro cess is elon gated, and reaches far into
the anteroventral side of the or bit. It ar tic u lates with the nar row,
small and only par tially pre served infraorbital in fe rior (lac ri mal
sensu Dietze, 2001 and Štamberg, 2021). The as cend ing pro -
cess ar tic u lates with the infraorbital pos te rior lo cated pos te ri orly 
to the or bit (sec ond jugal sensu Dietze, 2001; infraorbital sensu
Štamberg, 2021). This infraorbital pos te rior has roughly the
same anteroposterior width as the jugal in the wid est sec tion. It
bears two open ings of the infraorbital sen sory line. This bone
ap pears to have been for merly fused with the jugal in the spec i -
men stud ied, then frac tured post-mor tem, though the state of
pres er va tion does not al low this to be es tab lished with cer tainty. 
The posterodorsal side of the or bit is bor dered by the cres -
cent-shaped dermosphenotic (sec ond dermosphenotic sensu
Dietze, 2001; infraorbital su pe rior sensu Štamberg, 2021),
bear ing nu mer ous open ings of the infraorbital sen sory line. Its
posteroventral end ing is crushed, and a frag ment of the bone is
dis lo cated within the or bit.

The skull roof in MGUWr 6417s is al most com pletely
disarticulated and strongly abraded due to re cent sur face ero -
sion. The best pre served por tion of the roof ing in this spec i men
is the anteriormost re gion, ab sent in other in di vid u als. It shows
a rect an gu lar os si fi ca tion be ing the antorbital. Its lat eral edge is
slightly con vex, form ing the anterodorsal bor der of the or bit.
The an te rior edge is con cave in the me dial sec tion and con vex
in the lat eral part. MGUWr 6417s com prises a poorly pre served
pa ri etal which shows anteroposterior elon ga tion. Com ple men -
tary in for ma tion about the me dial se ries of the skull roof is
shown by MGUWr 6305s, re veal ing the ar range ment of its pos -
te rior part (Fig. 3B, C). Only the pos te rior por tion of the left pa ri -
etal is pres ent in this spec i men. Its pos te rior mar gin forms a si -
nus on the me dial side, a con vex ity in the cen tral sec tion, and
an other si nus on the lat eral side. It is or na mented with con cen -
tric ridges, and bears a sen sory line ca nal run ning antero -
posteriorly through the bone and end ing close to the tip of the
pos te rior con vex ity. Pos te ri orly to the pa ri etal, the me dial and
left extrascapulars are pre served. Both are roughly rect an gu lar, 
but the me dial one forms a wide-based pos te rior pro cess. Bone
frag ments lo cated be tween the pa ri etal and the extrascapulars
are dif fi cult to de ter mine, likely rep re sent ing the eroded left
postparietal. Such an in ter pre ta tion is sup ported by the pres -
ence of sen sory ca nals spread ing in three di rec tions from their
shared or i gin. The el e ments of the lat eral se ries of the skull roof
are pre served in MGUWr 6417s, MGUWr 6305s, and ZPAL
V.81/020. In MGUWr 6417s, the intertemporal (first dermo -
sphenotic sensu Dietze, 2001; dermosphenotic sensu
Štamberg, 2021) is lo cated ven trally to the parietals, par tially
cov ered by the left one. It is sig nif i cantly elon gated anteropo -

4 Wojciech Pawlak et al. / Geo log i cal Quar terly, 68: 12

https://doi.org/10.1002/mmng.20010040109
https://doi.org/10.1002/mmng.20010040109
https://doi.org/10.1002/mmng.20010040109
https://doi.org/10.1002/mmng.20010040109
https://doi.org/10.37520/fi.2021.008
https://doi.org/10.37520/fi.2021.008
https://doi.org/10.37520/fi.2021.008
https://doi.org/10.37520/fi.2021.008


Wojciech Pawlak et al. / Geo log i cal Quar terly, 68: 12 5

Fig. 2. Paramblypterus rohani from the Janików lo cal ity

A – MGUWr 6417s; B – MGUWr 6305s; C – ZPAL V.81/042; D– ZPAL V.81/046



steriorly, with open ings of the tem po ral sen sory line dis trib uted
along the ven tral edge. The dorsalmost sec tion of the an te rior
edge forms a pro cess, for merly in clined be tween the pa ri etal
and the dermosphenotic. The ven tral sec tion of the an te rior
edge has a vis i ble su ture facet for the over lap ping dermo -
sphenotic. ZPAL V.81/020 shows the right intertemporal in lat -
eral as pect (Fig. 3D) with an at tached ru di ment of the
spiracular. The an te rior por tion of the intertemporal forms two
tri an gu lar pro cesses di rected an te ri orly and me di ally. Both
have wide bases con flu ent with the main body of the bone. Be -

tween the pro cesses, the bone mar gin is slightly con cave. Pos -
te ri orly to the me dial pro cess, the bone mar gin forms a deep, tri -
an gu lar in ci sion for the pa ri etal. The posteromedial pro cess is
lo cated more pos te ri orly. It has a dam aged tip, but the pre -
served part has a con stant width. The pos te rior mar gin of the
intertemporal forms an in ci sion for the spiracular, which is about 
two times nar rower than the in ci sion for the pa ri etal. The lat eral
mar gin of intertemporal is par tially cov ered by ma trix, ex cept the 
ante riormost sec tion which runs obliquely and forms the lat eral
mar gin of the an te rior pro cess. The or na ment is pre served only
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Fig. 3. Cra nial fea tures of Paramblypterus rohani from the Janików lo cal ity

A – skull of the in di vid ual MGUWr 6417s; B – skull roof of in di vid ual MGUWr 6305s; C – in ter pre ta tive draw ing of the skull roof of in di vid ual
MGUWr 6305s; D – ZPAL V.81/020; E – dor sal re gion of pec to ral gir dle of the in di vid ual ZPAL V.81/042; F – ZPAL V.81/013; G – re con struc -
tion of the skull of Paramblypterus rohani from Janików; ab bre vi a tions: Ant – antorbital, Bra – branchiostegal rays, Cl – cleithrum, Dhy –
dermohyal, Dsp – dermosphenotic, Ext – extrascapula, Ext.a – ac ces sory extrascapula, Ext.l – extrascapula lat eral, Ext.m – extrascapula
me dian, Gu – gular, If.i – infraorbital in fe rior, If.p – infraorbital pos te rior, It – intertemporal, Ju – jugal, Man – man di ble, Mx – maxilla, Na – na -
sal, Op – operculum, Pa – pa ri etal, Pcl – postcleithra, Pop – preoperculum, Ppa – postparietal, Prs – postrostral, Psc – presupracleithrum, Pt
– posttemporal, Qj – quadratojugal, Rpl – rostro-premaxillo-lac ri mal, Scl – supraclaithrum, Sop – suboperculum, Sp – spiracular, St –
supratemporal, Sub – suborbitals



in the me dial and pos te rior part of the bone. It con sists of merg -
ing ridges, run ning anteroposteriorly. In the mid dle of the bone
length, close to the lat eral mar gin, an open ing of the sen sory
line is pres ent. A small part of the spiracular at ta ches to the
intertemporal pos te rior mar gin and matches with the pos te rior
in ci sion. It is cov ered by a sim i lar rugous or na men ta tion. The
supratemporal (dermopterotic sensu Štamberg, 2021) is
strong ly abraded in MGUWr 6417s but re tains its for mer shape, 
ap pear ing to be elon gated anterposteriorly, about two times
lon ger than wide. The dor sal edge is si nu soi dal with deep in ci -
sions for the postparietal and/or pa ri etal; the an te rior edge is
con vex, whereas the ven tral is roughly straight. The pos te rior
part of bone forms a short pro cess di rected posteroventrally.
The supratemporal is better pre served in MGUWr 6305s. It has
a sim i lar gen eral shape to this in MGUWr 6417s but ad di tion ally 
a grad ual nar row ing to ward the an te rior edge is vis i ble. Its dor -
sal and ven tral edges are roughly straight, while the an te rior
one is con vex with the dor sal sec tion slightly ex tended an te ri -
orly. The pos te rior edge forms the con spic u ous pos te rior pro -
cess.

The opercular ap pa ra tus and gular re gion are par tially pre -
served in MGUWr 6305s. The operculum is a rect an gu lar bone
which ap pears to oc cupy a larger part of the gill cover than the
suboperculum. How ever, the orig i nal pro por tions ap pear to be
dis torted by com pac tion. In the ven tral part of the skull MGUWr
6305s shows im prints of three, rel a tively wide branchiostegal
rays and a delta-shaped gular. They are ac com pa nied by the
im print of the prox i mal sec tion of the lower jaw.

The pec to ral gir dle el e ments are pre served in MGUWr
6305s, MGUWr 6417s, ZPAL V.81/013, and ZPAL V.81/042.
The posttemporals oc cur pos te ri orly to the extrascapulars in
MGUWr 6305s. They are poorly pre served and slightly dis lo -
cated, thus only the gen eral out line of the right posttemporal is
read able. It is an anteroposteriorly elon gated bone with a
rounded posteroventral mar gin. The right posttemporal is pre -
served also in ZPAL V.81/042 (Fig. 3E). It has a mediolaterally
elon gated shape, wid en ing lat er ally. All mar gins of this bone are 
roughly straight, ex cept for the posteroventral one which is con -
spic u ously rounded. The ven tral half of the an te rior mar gin is
prob a bly bro ken but the pre served part sug gests the pres ence
of an an te ri orly ori ented con vex ity. The ganoin cover of the
bone is ex fo li ated and dis lo cated to wards the posterodorsal di -
rec tion. It shows con spic u ous circuli par al lel to the bone edges.
In MGUWr 6417s the supracleithrum is clearly elon gated
dorsoventrally and has a heavy or na men ta tion com posed of
wide ridges and tu ber cles. ZPAL V.81/013 is an iso lated,
posteroventral part of the right cleithrum ex posed in the lat eral
as pect (Fig. 3F). It shows a con spic u ous or na men ta tion com -
posed of dorsoventrally run ning ridges which cover the lat eral
sur face of the lat eral lamina. The ventralmost part of the bone
forms a slight, lat er ally di rected ridge, the ven tral sur face of
which is or na ment-free. Only the pos te rior and ven tral mar gins
of ZPAL V.81/013 are well pre served. Both are straight, but the
pos te rior mar gin forms two con vex i ties, one close to the dor sal
edge of the spec i men, and the sec ond at the junc tion with the
ven tral mar gin.

Scales are de void of or na men ta tion in most of the spec i -
mens stud ied. In MGUWr 6305s about seven anteriormost
rows of the flank scales dis play ser ra tion of the pos te rior mar -
gin, grad u ally fad ing away in more pos te rior rows (Fig. 4A).
Counts of scales are dif fi cult to per form, since most spec i mens
have a more or less weath ered scale cover, with poorly pre -
served an te rior scale rows or ab sent fins. ZPAL V.81/006 has
the best pre served postcranium, al low ing for counts for all fins
ex cept the cau dal one. Based on this spec i men: 27, 12 and 20
scale rows are lo cated be tween the be gin ning of the lat eral line

and the dor sal, pel vic and anal fin, re spec tively. There are 37
pre served scales in the lat eral line. Based on other spec i mens
(ZPAL V.81/003, 011, 042 and MGUWr 6305s) with well-pre -
served postcrania, we es ti mate the to tal num ber of scales in the 
lat eral line at 40-45. In nu mer ous spec i mens (MGUWr 6417s,
ZPAL V.81/006, 011, 003, 042) the rel a tive po si tion of the dor -
sal and anal fin is clearly read able and the dis tance be tween
their an te rior edges equals 5–8 ver ti cal scale rows. The dor sal
keel scales are well-ex posed in ZPAL V.81/046 and MGUWr
5848s (Fig. 4H). The dor sal fin is pre ceded by four en larged
scutes de void of or na men ta tion. The anteriormost scute is rect -
an gu lar, while the rest have an ovoid shape. There are three,
min ute, tear-shaped dor sal scutes lo cated di rectly be hind the
dor sal fin. They are fol lowed by three rows of paired scales,
pos te ri orly to which the un paired scutes con tinue. This sec ond
se ries of un paired scutes is com posed of four scales, sig nif i -
cantly larger than those lo cated di rectly be hind the dor sal fin,
pen tag o nal to tri an gu lar in shape. They are fol lowed by a se ries
of strongly elon gated, paired basal ful cra of the cau dal fin. The
anal fin is pre ceded by three scutes sur round ing the cloacal
open ing. The large un paired scute is fol lowed by a pair of sym -
met ri cal scutes lo cated posterolaterally to it. The lat ter are
poorly pre served in all spec i mens stud ied. In ZPAL V.81/011
the preanal area is well ex posed but disarticulated. It shows a
con spic u ous ser ra tion of the pos te rior mar gins of the preanal
scutes (Fig. 4I).

The num ber of rays in the paired fin is dif fi cult to de ter mine
due to their fold ing and rel a tively high de gree of disarticulation
in the sam ple stud ied. Based on ZPAL V.81/042 and 046, the
num ber of fin rays is at least 12 and 13 in the pec to ral and pel vic 
fin. The dor sal and anal fins are sim i lar in shape and size, lo -
cated vis-´-vis each other (Fig. 4C, D). Both are com posed of
about 30 seg mented lepidotrichia (based on ZPAL V.81/006
and 011). The an te rior edges of all paired, dor sal and anal fins
are margined by the fring ing ful cra and tip seg ments of the
lepidotrichia. In all these fins, the lepidotrichia are reg u larly seg -
mented, and they start to bi fur cate ap prox i mately in the mid dle
of their proximodistal length. The basalmost seg ments are usu -
ally more ro bust and elon gated than the more dis tal ones. The
ra tios of lepidotrichia seg ments vary within and be tween in di -
vid u als. In the pec to ral fin, the seg ments tend be strongly elon -
gated, be ing up to six times lon ger than wide (Fig. 4G). In other
fins they are usu ally about two times lon ger than wide. How -
ever, in some spec i mens, the short ened seg ments of lepido -
trichia oc cur to gether with the elon gated ones in the me dian
fins. The ra tio of anteroposterior width to proximodistal length of 
the most short ened lepidotrichia reaches about 1.5 in MGUWr
6305s and 0,9 in ZPAL V.81/006 and 011. The short ened seg -
ments tend to oc cur close to the fin base and the pos te rior and
an te rior edges (Fig. 4F). More over, the short ened seg ments
are prone to hav ing more com pli cated, si nu soi dal
intersegmental joints, in con trast to the straight joints oc cur ring
be tween the elon gated seg ments (Fig. 4E–G). Be sides their
vari a tion in shape, the lepidotrichia show two dif fer ent pat terns
of or na men ta tion: a smooth sur face and or na men ta tion com -
posed of nu mer ous, min ute, proximodistal ridges (Fig. 4E). We
in ter pret this vari abil ity as intraspecific, pos si bly re lated with late 
ontogenetic changes and com pli ca tion of the lepidotrichia mor -
phol ogy with age. Fields cov ered by rel a tively small, rhomboidal 
scales oc cur at the bases of the pel vic, dor sal, and anal fins.
The cau dal fin is com posed of about 65 bi fur cat ing and reg u -
larly seg mented lepidotrichia (Fig. 4J). The length to width ra -
tios of the lepidotrichia seg ments ap pear to be rel a tively sta ble
and equal about 2. Dor sal and ven tral mar gins of the cau dal fin
are margined by the fring ing ful cra, and (rarely) distalmost seg -
ments of the lepidotrichia.
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Fig. 4. Postcranial fea tures of Paramblypterus rohani from the Janików lo cal ity

A – ser rated scales in the an te rior part of the trunk (MGUWr 6305s); B – scales in the pos te rior part of the trunk (MGUWr 6305s); C – dor sal
fin (ZPAL V.81/011a); D – anal fin (ZPAL V.81/011a); E – mag ni fi ca tion of seg ments of lepidotrichia with the or na men ta tion com posed of
proximodistal ridges in the dor sal fin of ZPAL V.81/42; F – mor pho log i cal vari a tion of the seg ments of lepidotrichia and the intersegmental
joints in the anal fin of MGUWr 6417s; G – pec to ral fin (MGUWr 6417s); H – dor sal ridge scalation pat tern (MGUWr 5848s); I – anal scutes
(ZPAL V.81/011a); J – ven tral lobe of the cau dal fin (ZPAL V.81/011a). Ar rows in di cate the bi fur ca tion spots in the eight ventralmost
lepidotrichia. Ab bre vi a tions: b.f – paired basal ful cra of the cau dal fin, e.ls – elon gated seg ments of lepidotrichia, ff – paired fring ing ful cra of
the cau dal fin, p.as – paired anal scute, po.s – postdorsal un paired scutes, pr.s – predorsal un paired scutes, s – ser ra tion, s.ls – short ened
seg ments of lepidotrichia, t.ls – ter mi nal seg ments of lepidotrichia of the cau dal fin, u.as – un paired anal scute



R e  m a r k s. – The actinopterygian from Janików shows
clear af fin i ties to Paramblypterus with re gard to skull bone ar -
range ment (Fig. 3G) and or na men ta tion, fin po si tion and struc -
ture, body pro por tions, scale mor phol ogy and counts. While
some in di vid u als show ser ra tion in the anteriormost rows of the
scales, the gen er ally smooth ap pear ance of the scales pre -
cludes a re la tion ship with heavily or na mented spe cies of
amblypterids. Unornamented scales with oc ca sional ser ra tion
are pres ent in two spe cies known from the Intra-Sudetic and
Krkonoše Piedmont Bas ins: P. vratislaviensis and P. rohani
(Štamberg, 2021). They dif fer from each other in the mor phol -
ogy of skull bones, which is rather poorly rec og nized in the ma -
te rial ex am ined. How ever, among the prom i nent fea tures of P.
vratislaviensis are a bar-like intertemporal and supratemporal
de void of a pos te rior pro cess, which con trasts with the spec i -
mens from Janików. The rel a tively ro bust intertemporal and the
supratemporal with the con spic u ous pos te rior pro cess strongly
sug gest that the pop u la tion stud ied be longs to P. rohani. An ad -
di tional fea ture is the or na men ta tion of the intertemporal, com -
posed of vermicular ridges, whereas in P. vratislaviensis the
skull roof tends to be or na mented with iso lated tu ber cles. The
va lid ity of P. rohani re mains un sure due to its strong sim i lar ity to
P. duvernoyi (Dietze, 2000; Štamberg, 2022); how ever, un til
more de tailed com par i sons will be per formed, we con ser va -
tively as sign the ma te rial de scribed to P. rohani.

ZPAL V.81/006 and 011 dif fer from other spec i mens in more
com plex joints be tween seg ments of lepidotrichia in the un paired
fins. While they are nearly straight in most spec i mens de scribed,
in these two in di vid u als the dis tal mar gins of the seg ments form a 
con spic u ous si nus. Such si nu soi dal courses of the interseg -
mental joints oc cur widely in aeduellids in which the postcranial
skel e tons can be very sim i lar to those of ambly pterids. How ever,
the scale counts of ZPAL V.81/006 and 011 are con sis tent with
those ob served in other spec i mens from Janików. Ad di tion ally,
the rel a tive po si tion of dor sal and anal fins is typ i cal for
amblypterids and dif fers from that in aeduellids. In the lat ter, the
anal fin is usu ally shifted more pos te ri orly than the dor sal, while in 
the spec i mens dis cussed both fins are po si tioned roughly
against each other. Be cause the skulls of both spec i mens are
ba si cally unpreserved, the postcranial fea tures only help de ter -
mine their af fin ity. ZPAL V.81/006 and 011 may rep re sent an un -
known spe cies of amblypterid, but at this point we in ter pret them
as rep re sent ing mor pho log i cal vari abil ity, pos si bly re lated to an
ad vanced ontogenetic age of these in di vid u als.

TAPHONOMY

All fish spec i mens from Janików share a strong com pac tion
and dark col or ation of the bone and enamel. The lat ter points to
at least par tial car bon iza tion of the re mains af ter burial. A more
ex ces sive car bon iza tion, vis i ble in some spec i mens (e.g., ZPAL 
V.81/016, 042), re sults from the re cent weath er ing of the soft,
fos sil-bear ing shale. The weath er ing strongly af fected the qual -
ity of de tail pre served in these spec i mens, es pe cially in the skull 
and pec to ral gir dle re gions but in some cases also the scale
cover (ZPAL V.81/042). The signs of weath er ing are lesser in
spec i mens pre served in si lici fied slabs, which pro vided the
most in for ma tive spec i mens (e.g., MGUWr 6417s, ZPAL
V.81/046).

A large part of the spec i mens col lected from the Janików
site rep re sents al most in tact in di vid u als at the time of burial. All
ar tic u lated skel e tons are com pacted lat er ally with the ex cep tion 
of sev eral spec i mens show ing slightly ventrolateral or
dorsolateral flat ten ing (e.g., MGUWr 6305s, ZPAL V.81/046).
More over, all fairly com plete spec i mens have a straight ened

body with out signs of bend ing. De spite the high pro por tion of
com plete in di vid u als, more or less disarticulated spec i mens are 
also fre quent in Janików. The sam ple stud ied for ar tic u la tion
and com plete ness dis plays a bi modal dis tri bu tion of the av er -
age scores for both pa ram e ters (Fig. 5B). The non-nor mal dis -
tri bu tion is sup ported by the Shapiro-Wilk test for nor mal ity
(p<0.01 for av er age ar tic u la tion, p<0.001 for av er age com -
plete ness). The bimodality is more stark for the com plete ness.
The most fre quent are in di vid u als show ing very high (2–3) and
very low (be low 0.5) avarage scores of the com plete ness and
ar tic u la tion.

DISCUSSION

TAPHONOMY OF THE ACTINOPTERYGIANS

The de com po si tion of the fish skel e ton re sults from the in -
flu ence of var i ous fac tors, such as pre da tion, scav eng ing, mi -
cro bial de cay and wa ter move ment. Each of these fac tors re -
sults in dif fer ent pat terns of ar tic u la tion, com plete ness, and ar -
range ment of disarticulated el e ments, as was dem on strated on
mod ern ex am ples (El der, 1985; El der and Smith, 1984, 1988;
Smith et al., 1985; Chidami and Amyot, 2008; Iniesto et al.,
2013) as well as in fos sil fish as sem blages (Wil son, 1988; Viohl, 
1994; Ferber and Wells, 1995; Bur row, 1996; Wil son and
Barton, 1996; Bieñkowska, 2004; Barton and Wil son, 2005,
Bieñkowska-Wasiluk, 2010). Pre da tion tends to leave lit tle
trace in the fos sil re cord, since the en tire prey or its sig nif i cant
part is usu ally di gested. The ex cep tion are bromalites, be ing di -
rect ev i dence for con sumed mat ter. More over, pred a -
tor-caused dam age can be sub se quently over printed by other
taphonomic pro cesses (Wil son, 1987). A pos si ble way to in fer
that re mains are pre dated are bite-marks (Randle and
Sandom, 2019) or un usual pat terns of frag men ta tion (Spiek -
man and Mujal, 2023). Scav eng ing oc curs mainly on the bot -
tom of the wa ter body and re sults in the more or less ex ten sive
disarticulation of the skel e ton fol lowed by a re duc tion in its com -
plete ness, and even tu ally may lead to the com plete re moval of
the body. Scav en gers tend to at tack the fish head first, then
other parts of the body, and to move disarticulated el e ments in
all di rec tions (El der, 1985). Ex po sure of the fish body to the
forces gen er ated by wa ter flow is usu ally re lated to its flo ta tion.
It oc curs when a body gains pos i tive buoy ancy fol low ing pro -
duc tion of post-mor tem gases in the body cav ity by mi crobes
(El der, 1985; El der and Smith, 1988). Two types of flo ta tion can 
be dis tin guished. In the case of the full flo ta tion, the body is
raised to the wa ter sur face, where it ex pe ri ences wave ac tion
and sur face cur rents. De pend ing on the du ra tion of full flo ta tion, 
this tends to lead to sig nif i cant disarticulation and in com plete -
ness of the en tire skel e ton (in clud ing the skull and pec to ral gir -
dle), which loses the poorly at tached el e ments when it sinks
and hits the bot tom (El der, 1985; El der and Smith, 1988). In the
case of par tial flo ta tion, the gases ac cu mu lated in a body are
not suf fi cient to lift it to the sur face. This re sults in the pos te rior
part of a body float ing above the bot tom, sub ject to in ten si fied
disarticulation, while the an te rior part of the body is still at tached 
to the ground (El der, 1985; El der and Smith, 1988). The skel e -
tal el e ments are dropped in the prox im ity of the body, and tend
to show a pre ferred ori en ta tion if bot tom cur rents are ac tive.
When a body re sides on the bot tom, mi cro bial de cay can be the 
main fac tor lead ing to de com po si tion. In con trast to the pre vi -
ously men tioned mech a nisms, this rarely leads to loss of skel e -
ton com plete ness, apart from some pos si ble disarti cula tion (El -
der, 1985; El der and Smith, 1988).
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The anal y sis of com plete ness and ar tic u la tion al lowed rec -
og ni tion of three main types of fish pres er va tion in the Janików
site. The first taphonomic type (T1, clus ter 1 in Fig. 5A) is rep re -
sented by car casses dis play ing high lev els of com plete ness
and mod er ate disarticulation. The lat ter is ex pressed mainly by
slight dis lo ca tion of el e ments (mainly scales or lepidotrichia, oc -
ca sion ally skull bones) re main ing in con tact with an a tom i cally
neigh bour ing os si fi ca tions. In rare cases, sin gu lar el e ments are 
strongly shifted out side the body out line. De spite the par tial
disarticulation, most in di vid u als be long ing to this group pre -
serve fully com plete skel e tons. This in di cates that they did not
ex pe ri ence flo ta tion and de cay took place en tirely on the bot -
tom. This also sug gests that scav en gers were not pres ent. The
disarticulation pat tern is con sis tent with calm mi cro bial de cay
with si mul ta neous burial.

The sec ond taphonomic type (T2, clus ter 2 in Fig. 5A) is
rep re sented by strongly in com plete car casses, be ing usu ally
as sem blages of flank and ridge scales as well as fin el e ments
(lepidotrichia, fring ing ful cra). Only one iso lated bone was found 
dur ing the ex ca va tions (cleithrum, ZPAL V.81/013). Since the
pres er va tion mode rep re sented by T1 as de scribed above
shows a lack of scav en ger ac tiv ity in the sec tion stud ied, the
low disarticulation and com plete ness most prob a bly re sult from
the full flo ta tion of the bod ies, which lost most of their el e ments
dur ing pro longed ex po sure at the sur face and on sub se quent
sink ing. This is sup ported by the pre ferred ori en ta tion of some
in di vid u als, which sug gests cur rent ac tiv ity in the wa ter body.

The third taphonomic type (T3, clus ter 3 in Fig. 5A) is char -
ac ter ized by in ter me di ate scores of com plete ness and ar tic u la -
tion be tween the first and sec ond type. In di vid u als be long ing to
this group share a pre ferred ori en ta tion of the disarticulated el e -

ments, as well as the lower com plete ness and ar tic u la tion
scores in the pos te rior part of the body. The best pre served
spec i men is ZPAL V.81/046 which shows an ex ploded ab dom i -
nal cav ity and strong disarticulation of the pos te rior and
posteroventral re gions of the skel e ton, while posterodorsal and
an te rior re gions re main al most in tact. We in ter pret this type of
pres er va tion as re sult ing from par tial flo ta tion, since the higher
ar tic u la tion of the an te rior re gion is con sis tent with the com mon
pat tern of flo ta tion with bot tom-ori ented head.

ZPAL V.81/022 and 008 rep re sent atyp i cal pat terns of pres -
er va tion for the Janików site, pos si bly rep re sent ing rare
taphonomic his to ries. ZPAL V.81/022 is a clus ter of firmly ar tic -
u lated flank scales, sep a rated from any other re mains. If be ing
the prod uct of flo ta tion they are ex pected to be at least par tially
disarticulated or dis lo cated, as well as pos si bly sur rounded by
some other skel e tal el e ments. We re gard this spec i men as a
pos si ble left over from a pre dated in di vid ual, al though the flo ta -
tion sce nario can not be ex cluded. ZPAL V.81/008 is a fairly
com plete in di vid ual but lack ing the skull, the only ex am ple of
such a pat tern in the Janików site. The skull disarticulation may
be re ferred to the ac tiv ity of scav en gers at some phase of the
body’s de cay. How ever, in this case also we can not ex clude
atyp i cal disarticulation via flo ta tion; the spec i men is strongly
weath ered, ham per ing de tailed ob ser va tions.

PALAEOENVIRONMENT OF THE JANIKÓW FISH-BEARING LAYERS

The Janików sec tion is dom i nated by dark-col oured, rhyth -
mic, microlaminated strata, typ i cal of lac us trine de pos its. Un -
dis turbed hor i zon tal lam i na tion in the fossiliferous in ter val, de -
void of ripplemarks or storm de pos its, sug gests that it formed in
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Fig. 5. Taphonomic anal y sis of actinopterygian fos sils from the Janików lo cal ity

A – scatterplot of the av er age ar tic u la tion ver sus the av er age com plete ness scores in the sam ple stud ied; B – fre quency dis tri bu tions
 of the av er age com plete ness and ar tic u la tion scores in the sam ple stud ied



the off shore re gion of the lac us trine ba sin, be low storm wave
base. This in ter pre ta tion is also sup ported by the dom i na tion of
car bon ate sed i men ta tion over de po si tion of terrigenous ma te -
rial, as well as by the mode of pres er va tion of plant re mains,
which oc cur com monly in the fish-bear ing lay ers. These are
rep re sented mainly by strongly frag mented de bris, in di cat ing a
rel a tively large dis tance from the shore (Šimönek and Ploch,
2022). Bed ding planes rich in ripplemarks and with oc ca sional
traces of tetra pods oc cur im me di ately above the fish-bear ing in -
ter val, show ing a shallowing ten dency in the lake’s evo lu tion.
The high con tent of or ganic mat ter, as well as lack of biotur -
bation, clearly point to hypoxic con di tions in the lake sed i ment
and pos si bly in the hypolimnion. This is sup ported by the re sults 
of our taphonomic anal y sis, in di cat ing con di tions al low ing calm
de cay on a bot tom dom i nated by mi cro bial ac tiv ity, un in ter -
rupted by scav en gers need ing aer o bic con di tions.

The flo ta tion of fish car casses is closely con trolled by wa ter
pres sure and tem per a ture, that re late too wa ter depth. On the
ba sis of fea tures spe cific for the off shore zone in this in stance, it 
can be in ferred that the Janików fish-bear ing lay ers formed at
the depth of 30 m or more. This can be re garded as a rel a tively
deep wa ter body, suf fi cient to pre vent fish car cass flo ta tion via a 
sta ble, low hypoliminic tem per a ture and high wa ter pres sure. In
the case of shal low lakes, the low pres sure and rise in tem per a -
ture through the en tire wa ter col umn are strongly fa vour able
fac tors for flo ta tion. The pres ence of in di vid u als clearly stag nat -
ing on the bot tom dur ing their en tire de cay (T1) sup ports the
deep lake sce nario. More over, the lack of ab rup tions in their ab -
dom i nal re gions sug gest that the de cay took place in rel a tively
cool hypolimnic wa ter (pos si bly 5-8°C), which slowed the me -
tab o lism of bac te ria and al lowed slow de gas sing of the car -
casses.

Nev er the less, the taphonomic anal y sis shows that more or
less in tact in di vid u als rep re sent only part of the fish sam ple
stud ied. A very sim i lar num ber of spec i mens rep re sents highly

dis in te grated skel e tons (T3) which have un der gone full flo ta -
tion, while a mi nor ity rep re sents par tially float ing in di vid u als
(T2). This means that at least at times, the hypolimnic tem per a -
ture was high enough for the full flo ta tion of car casses, and at
some points only for the par tial rise of the body and flo ta tion at
the bot tom. Our quan ti ta tive com par i son shows that the as sem -
blage dis plays a bi modal dis tri bu tion of the pres er va tion modes
(Fig. 5B). This sug gests that two tem per a ture re gimes al ter -
nated dur ing the for ma tion of the as sem blage, pos si bly re flect -
ing sea sonal de creases of the lake strat i fi ca tion, re lated to a
tem po rary in creases in bot tom wa ter tem per a ture. The fluc tu a -
tions of the hypolimnic tem per a ture may have been re lated to
the pre ferred ori en ta tion of some fish spec i mens which ex pe ri -
enced par tial or full flo ta tion, sug gest ing the pres ence of weak
cur rents, and pos si bly in di cat ing mix ing of the wa ter masses.

MODE OF LIFE OF AMBLYPTERIDS

The mor pho log i cal di ver sity of amblypterids is rel a tively nar -
row, thus it can be as sumed that all ex hib ited a sim i lar life style,
lim ited by their body plan. All spe cies share a sim i lar body
shape, fin po si tion, scale cover, dentition, and skull ar range -
ment (Dietze, 2000; Štamberg, 2013b, 2020). The sil hou ette of
amblypterids is fusiform, flat tened from the ven tral side and
con vex in the dor sal as pect, mak ing their out line slightly
hump-backed. The anal and dor sal fins are shifted to ward the
tail and po si tioned vis-´-vis each other, dis play ing a pat tern
some times called a ‘sec ond tail’ ar range ment (Weihs, 1989).
The cau dal fin is mod er ately in cised. On the base of body
shape and fin ar range ment, Dietze (2001) re garded P. du -
vernoyi a mod er ately fast swim mer, adapted to rapid ac cel er a -
tion and a demersal life style. There is some di ver sity re lated to
the rel a tive size of the fins, which in Amblypterus tend to have a
larger sur face area rel a tive to body size than in Paramblypterus 
(see Štamberg, 2013b), most prob a bly in flu enc ing the lo co mo -
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Fig. 6. Re con struc tion of Paramblypterus rohani in life pre dat ing on a conchostracan in the pe lagic zone
 of the Janików lake (art work by Tetiana Kozyk)
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tion of these fishes. In most spe cies scales are rhomboidal, with 
smooth ex ter nal sur faces and no to slight ser ra tion of the pos te -
rior mar gins. If it oc curs, the ser ra tion is pres ent in sev eral scale 
rows at the deep est point of body, be tween the pec to ral and
pel vic fins (cf. Dietze, 2001; Štamberg, 2021), in di cat ing their
func tion as turbulators in fast swim ming (Fletcher et al., 2014).
In some cases (e.g., P. decorus, P. gelberti), the ser ra tion of
scales is more ex ten sively dis trib uted over the body (Dietze,
2000). Such di ver sity in scale or na men ta tion sug gests dif fer -
ences be tween spe cies in swim ming ve loc ity or ex po si tion to
wa ter cur rents. The dentition of amblypterids is sig nif i cantly dif -
fer ent from that of other actinopterygians, ex cept for the
Aeduellidae (Schultze et al., 2021). The teeth lo cated on the
jaw mar gins are strongly elon gated and nar row, hav ing a “tu bu -
lar” mor phol ogy and form ing to gether a brush-like struc ture.
The teeth of the sec ond type are lo cated on the coronoid and
palatoquadrate. They are low, con i cal with wide bases. These
den tal char ac ters were de scribed for the first time in P. decorus
by Blot and Heyler (1963), and later in P. duvernoyi by Dietze
(2001), Paramblypterus. cf. rohani and Paramblypterus sp. by
Štamberg (2020). The dentition of amblypterids ap pears to be
spe cial ized to feed on small ben thic or plank tonic in ver te brates
as sug gested by Dietze (2001), for ex am ple on conchostracans 
(Štamberg, 2020). Feed ing on larger or gan isms (such as small
fish) seems un likely, since no teeth dis play the shape typ i cal for
seiz ing such prey, or the in clined ori en ta tion ham per ing its es -
cape.

The new oc cur rence of Paramblypterus rohani in Janików
shows that it was well-adapted to live in the pe lagic zone,
contrastingly to the pre vi ous in ter pre ta tion of amblypterids as
bot tom-dwell ers (Fig. 6; cf. Dietze, 2001). The com par a tive
taphonomic study shows that deep parts of the lake were in ca pa -
ble of sus tain ing ben thic or hyperbenthic fauna. At the same
time, the mode of fish pres er va tion ex cludes dis tant trans por ta -
tion for most of the bur ied car casses. There fore, the main source 
of food for the amblypterids un earthed was open-wa ter plank ton. 
More over, P. rohani ap pears to be by far the most dom i nant fish
in the Janików as sem blage, sug gest ing that it was strongly com -
pet i tive against other planktivorous spe cies. In the light of the
cur rent re sults, amblypterids ap pear to be ef fec tive open-wa ter
pred a tors, though this does not con tra dict pre vi ous in fer ences
about their demersal life style. We rather lean to the in ter pre ta tion 
that amblypterids were strongly op por tu nis tic fish adapted to var -
i ous con di tions, which par tially ex plains their suc cess in the late
Car bon if er ous and early Perm ian.

STRATIGRAPHIC POSITION OF THE JANIKÓW SITE

The re la tion be tween the Janików fos sil-bear ing sec tion
and the two lac us trine pack ages usu ally dis tin guished in the
S³upiec (Broumov) For ma tion – Ruprechtice and Otovice – is a

fun da men tal ques tion from the strati graphic per spec tive. Usu -
ally, the clas sic fos sil-bear ing de pos its of the Ruprechtice Ho ri -
zon are rep re sented by pale cream to pink lime stones with red -
dish to dark brown fish fos sils. Mean while, the fos sil-bear ing de -
pos its of the Otovice Ho ri zon, rec og nized near Janików, are
rep re sented by dark marls with black fish re mains sim i lar to the
pre vi ously known Otovice Ho ri zon out crops. Šimönek and
Ploch (2022) as signed the Janików sec tion to the Ruprechtice
Ho ri zon, on the ba sis of map ping by Tásler (1966), in which the
Ruprechtice and Olivìtín lime stones are rep re sented by a sim i -
lar li thol ogy in the Otovice and Janików area. In fact, the com po -
si tion of fish as sem blage from Janików re sem bles those known
from the Otovice Ho ri zon due to the strong dom i nance of P.
rohani (see Štamberg, 2021). There fore, the fau nal data con tra -
dicts the re sults of Tásler (1966) as noted by Šimönek and
Ploch (2022). If the out crop in Janików truly  rep re sents the
Ruprechtice Ho ri zon it is the first as sem blage from this stra tum 
dom i nated by P. rohani intead of P. vratislaviensis. The occu -
rence of both spe cies may be con trolled by yet un known en vi -
ron men tal fac tors.

CONCLUSIONS

The Janików fish-bear ing beds be long ing to the S³upiec
(Broumov) For ma tion formed in an lac us trine off shore zone.
Pres er va tion of the fish fos sils can be at trib uted to bot tom
hypoxia, which pre vented scav eng ing. The main fac tors re -
spon si ble for de com po si tion of the fish bod ies was flo ta tion and
mi cro bial de cay at the bot tom of the res er voir. The as sem blage
com prises a nearly equal ra tio of fully ar tic u lated and highly
com plete in di vid u als ver sus ones that are strongly in com plete
and disarticulated. Such a bi modal taphonomic com po si tion
sug gests vari a tions in wa ter tem per a ture, be ing in ter mit tently
warm enough to in duce flo ta tion of fish car casses. The only
spe cies iden ti fied in the as sem blage is P. rohani. The tapho -
nomic his tory and sed i men tary fea tures sug gest that this spe -
cies was an ef fec tive pe lagic pred a tor, de spite its mor pho log i cal 
fea tures clearly in di cat ing ad ap ta tions to bot tom-dwell ing. Con -
tra dic tory data on the strati graphic po si tion of these strata in
Janików sug gest that the oc cur rence of amblypterids in the
Intra-Sudetic Ba sin was con trolled by en vi ron men tal fac tors.
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A C A C A C A C A C A C A C A C A C
ZPAL V.81/046 3 3 - - 2 3 - - 2 3 0 1 1 1 0 1 1 1
ZPAL V.81/001 - - - - - - - - 3 3 - - 3 3 2 3 - -
ZPAL V.81/002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
ZPAL V.81/003 - - - - - - - - 3 3 3 3 3 3 3 3 3 3
ZPAL V.81/005 - - - - - - - - - - - - 2 3 - - 2 3
ZPAL V.81/006 - - - - 3 3 1 2 2 3 2 3 - - 2 3 3 3
ZPAL V.81/008 0 0 0 0 0 0 - - 2 3 2 3 - - 2 3 2 3
ZPAL V.81/011 - - - - - - - - 2 3 2 3 3 3 2 3 2 3
ZPAL V.81/013 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ZPAL V.81/014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
ZPAL V.81/015 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
ZPAL V.81/016 - - - - - - 2 3 - - 3 3 - - 2 3 2 3
ZPAL V.81/017 - - - - - - - - 3 3 - - - - 2 3 - -
ZPAL V.81/018 - - - - - - - - - - 3 3 3 3 - - 3 3
ZPAL V.81/019 - - - - - - - - - - 3 3 - - - - 2 3
ZPAL V.81/020 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
ZPAL V.81/021 - - - - - - - - - - - - - - 2 3 - -
ZPAL V.81/022 - - - - - - - - - - - - - - - - 1 1
ZPAL V.81/026 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
ZPAL V.81/029 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
ZPAL V.81/032 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
ZPAL V.81/036 - - - - - - - - - - 2 3 2 3 - - 2 3
ZPAL V.81/037 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
ZPAL V.81/039 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ZPAL V.81/042 - - 2 3 - - 3 3 3 3 3 3 3 3 3 3 3 3
ZPAL V.81/043 - - - - - - - - - - - - 1 2 - - 1 2
MGUWr 5848 - - - - 2 3 1 1 3 3 1 1 1 1 2 3 2 3
MGUWr 6305 3 3 3 3 3 3 - - - - 3 3 - - 3 3 3 3
MGUWr 6417 1 3 2 3 3 3 - - 3 3 1 2 2 3 2 3 2 3

A - articulation C - completeness

Cataluge number
caudal fin

scales 
anterior

scales 
posterior

skull
pectoral 

girdle
pectoral fins pelvic fins dorsal fin anal fin


