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Od Redakcji

Wojewodztwo opolskie jest jednym z najbogatszych w paleontologiczne skarby wojewodztw
Polski. Nagromadzenie skamieniato$ci poznotriasowych kregowcoéw w Krasiejowie, szczatki
kregowcoOw z dolnego triasu w Gogolinie, morskie bezkregowce triasu srodkowego, jurajskie
skamieniato$ci z Faustianki, kredowe z Opola, czy szczatki plejstocenskiej megafauny, to
tylko cze$¢ z nich, ktorg mozna wymieni¢ na samym poczatku. Do tej pory nie wiadomo, ile
jeszcze niespodzianek zawiera w sobie opolska ziemia, czego dowodem jest migdzy innymi
niniejsza praca. Zaktad Paleobiologii Uniwersytetu Opolskiego razem ze Stowarzyszeniem
Dinopark, przy wsparciu Stowarzyszenia Delta i Urzedu Marszatkowskiego Wojewddztwa
Opolskiego, zorganizowal konferencje dla uhonorowania blisko dziesigcioletniej wspotpracy
w zakresie rozwoju badan paleontologicznych na Opolszczyznie. Zostaty na niej
przedstawione nie tylko najnowsze osiggni¢cia badan na unikatowym materiale ze stanowiska
w Krasiejowie, ale rOwniez innych, wynikajacych w znacznej mierze z poszukiwan
zainspirowanych tym wtasnie stanowiskiem i zwigzanych z wielkim potencjalem
paleontologicznym wojewodztwa opolskiego. Monografia zawiera tylko czg$¢ materiatow
zaprezentowanych na konferencji. Trzy pierwsze rozdziaty sg napisane w jezyku polskim,
poniewaz dotycza historii Stowarzyszenia Dinopark, odkrycia warstw kostnych w
Krasiejowie oraz rozwoju badan naukowych, i sg przeznaczone dla szerokiego kregu
odbiorcow. Pozostate rozdziaty, napisane po angielsku, prezentuja wyniki biezacych badan i
sa skierowane do miedzynarodowej spotecznosci naukowe;.

From the Editorial board

The province of Opole ranks amongst those regions in Poland that are richest in
palaeontological treasures. Late Triassic bone accumulations at Krasiejow, early Triassic
vertebrate fossils from Gogolin, mid-Triassic marine invertebrates from the wider Opole area,
Jurassic fossils from Faustianka, Cretaceous fossils from the Odra quarry in Opole or
Pleistocene megafaunal remains spring to mind here. To date, we have no idea how many
more surprises the earth around Opole has to offer. The Laboratory of Palaeobiology of the
University of Opole, together with the “Dinopark™ Society supported by “Delta” Society and
the Opole City Administration, organised a conference in celebration of nearly ten years of
collaboration in developing palacontological research in the Opole region. There not only the
latest research of the unique material from Krasiejoéw were demonstrated, but also other
projects were presented as a result of studies inspired by this locality and linked to the great
palaeontological potential of the province of Opole. The present monograph contains only a
selection of the conference presentations. The first three chapters are in Polish, because they
relate to the history of the “Dinopark™ Society, the discovery of the Krasiejow bone beds and
the development of scientific research there, and are intended for the general public in Poland.
The remaining chapters, all in English, focus on results of current studies and are addressed to
the international scientific community.



Stowarzyszenie ,,Dinopark” 2003-2012

Society ,,Dinopark” 2003-2012

Tomasz Kostus$

Przewodniczqcy Stowarzyszenia ,, DINOPARK ™
Chairman of ,, Dinopark”™ Society

Z inicjatywy wtadz wojewddztwa opolskiego, gminy Ozimek oraz gminy
Kolonowskie, utworzono w 2003 roku Stowarzyszenie ,,DINOPARK”. W sktadzie komitetu
zatozycielskiego znalezli si¢: Ryszard Galla, 6wczesny wicemarszatek wojewodztwa
opolskiego, zastepca burmistrza Ozimka Marek Korniak oraz burmistrz gminy Kolonowskie
Jozef Kotys. W tym okresie, jednym z gtéwnych zadan Stowarzyszenia byto doprowadzenie
do zagospodarowania i1 przeznaczenia do uzytkowania terenu wykopalisk paleontologicznych
z uwzglednieniem funkcji naukowo-badawczej, rekreacyjnej i muzealno-wystawienniczej,
oraz rozwoj infrastruktury technicznej. Ze wzgledu na wielkos¢ i range odkrycia, w celu
zabezpieczenia kos$ci triasowych zwierzat ladowych, w 2004 roku podjeto si¢ budowy
pawilonu paleontologicznego w Krasiejowie.

Pomimo wielu przeszkod i1 trudnosci przy budowie pawilonu w tak trudnym terenie, w
sierpniu 2006 roku zakonczono budowe 1 udostgpniono pawilon dla zwiedzajacych. Ze
wzgledu na ponadlokalny charakter tego przedsigwzigcia oraz wieloptaszczyznowy zakres
dziatah Stowarzyszenia, duzym znaczeniem dla rozwoju i promocji bylo w tym czasie
nawigzywanie nowych kontaktow krajowych i zagranicznych. Miejsce odkry¢
paleontologicznych coraz cz¢sciej odwiedzali naukowcy, ktorzy od 2000 roku podjeli na
terenie krasiejowskiej niecki systematyczne prace wykopaliskowe. Pionierem odkry¢ stat si¢
prof. Jerzy Dzik z Polskiej Akademii Nauk z Warszawy, ktory w 1993 roku dokonat
pierwszego odkrycia w Krasiejowie. Od roku 2002, nadz6r merytoryczny nad stanowiskiem
przejeli pracownicy Katedry Biosystematyki Uniwersytetu Opolskiego z prof. Adamem
Bodziochem na czele.

W latach 2006-2007, z inicjatywy zarzadu Stowarzyszenia ,,DINOPARK” i gminy
Ozimek, uzyskano dofinansowanie do projektu budowy szlaku pieszego oraz $ciezki
dydaktycznej na terenie wykopalisk. Stowarzyszenie ,,DINOPARK” rozpoczgto w pawilonie
paleontologicznym dziatalno$¢ gospodarcza i powotalo biuro Stowarzyszenia z siedzibg w
Urzedzie Gminy Ozimek. Zatrudniono takze kadr¢ dydaktyczng do obstugi pawilonu.

Pawilon, jako gtowna atrakcja Krasiejowa, byl udostepniony dla zwiedzajacych przez siedem



dni w tygodniu. Stowarzyszenie zainicjowato takze przygotowanie i uruchomienie strony
internetowej oraz oznakowanie drog dojazdowych 1 miejsc parkingowych.

Od 2008 roku, gtbwnym zadaniem Stowarzyszenia bylo przygotowanie terenow
wykopalisk w Krasiejowie do wydzierzawienia potencjalnym zewnetrznym inwestorom.

W celu zintensyfikowania dziatan, majacych na celu stworzenie w Krasiejowie miejsca
realizacji zamierzen naukowych, wystawienniczych, edukacyjnych i promocyjnych regionu,
postanowiono powierzy¢ zagospodarowanie terenu podmiotowi zewnetrznemu.
Stowarzyszenie Delta, wtasciciel parkdw jurajskich w Battowie 1 Solcu Kujawskim, wygrato
przetarg na zagospodarowanie terenu wokot pawilonu paleontologicznego. Zrealizowana
przez Delte inwestycja doprowadzita do powstania najwickszego w Polsce JuraParku .
Kolejnym waznym dokumentem, wyznaczajacym funkcjonowanie Stowarzyszenia
,DINOPARK?”, byla strategia dzialania na lata 2009-2014. Zasadnicze cele dotyczyty
obszarow promocji, dydaktyki i nauki. Gtéwnym celem w sferze promocji byta chec dalsze;j
dobrej wspolpracy z samorzadem gminy Ozimek oraz samorzagdem wojewodztwa opolskiego.
Stowarzyszenie "DINOPARK” postanowilo rowniez wspotpracowac¢ z gming Opole oraz
Opolskim Ogrodem Zoologicznym w zakresie dziatan promocyjnych. Wspodtpraca dotyczyta
wspotorganizacji imprez kulturalnych, mozliwo$ci umieszczania na terenie objetym
dzialalnoscig partnera banerow, dystrybuowania materiatdéw promocyjnych oraz ekspozycji
gabloty prezentujacej sylwetke pradinozaura Silesaurus opolensis.

Szczegblng uwaga objeto szereg dziatan edukacyjnych skierowanych do dzieci i
mtodziezy szkolnej oraz do studentéw. Obejmowaty one m.in. organizowanie warsztatow
paleontologicznych i pleneréw plastycznych na terenie wykopalisk w Krasiejowie, objetych
patronatem Uniwersytetu Opolskiego.

W dziedzinie nauki, gtéwne zadania dotyczyly: zabezpieczenia ekspozycji, prac
badawczych w pawilonie, prac w obszarze chronionym, organizacji obozéw naukowo-
badawczych oraz organizacji konferencji naukowych. Dzigki wspolpracy z Uniwersytetem
Opolskim, ko$ciono$ne poklady w Krasiejowie otrzymaty najwyzszy stopien ochrony.

W zwiazku z faktem, iz zrealizowane zostato gtowne zadanie, jakie postawito sobie
Stowarzyszenie Dinopark, samorzad wojewodztwa, gminy Ozimek i Kolonowskie podjety
decyzje¢ o rozwigzaniu Stowarzyszenia oraz zdecydowaty, iz pawilon paleontologiczny oraz
domek letniskowy zostang przekazane Uniwersytetowi Opolskiemu. W odpowiedzi na t¢
propozycje, 26 stycznia 2011 r. Senat Uniwersytetu Opolskiego podjat uchwate w sprawie
nieodptatnego nabycia pawilonu paleontologicznego, stuzacego rozwojowi terenowe;j stacji
paleontologicznej. Od tego momentu, zespot ds. rozwigzania Stowarzyszenia ,,DINOPARK?”,

w ktorego skltad wchodzili przedstawiciele wszystkich trzech samorzadéw oraz przedstawiciel
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Uniwersytetu Opolskiego, prowadzit dziatania, w efekcie ktorych podpisano akt notarialny

przekazujacy nieodptatnie pawilon paleontologiczny na rzecz Uniwersytetu Opolskiego.

Summary

In 2003, the province of Opole and the municipalities of Kolonowskie and Ozimek, took the
initiative to found the "Dinopark" Society. In those years, one of the principal tasks of the
society was to determine land use and to earmark areas for palaeontological excavations,
inclusive of research, recreation and museum and exhibition space, as well as the
development of technical infrastructure. In 2004, the construction of the palacontological
pavilion was started on the quarry grounds near the village of Krasiejow. In August 2006, the
building was ready to be opened to the public. Since 2000, scientific (palacontological)
excavations have been carried out here by a range of scientific and educational organisations.
Professor J. Dzik of the Institute of Palacobiology (Polish Academy of Sciences) played the
pioneer role in these investigations. From 2002 onwards, excavation work has been provided
by the Laboratory of Palacobiology at the Department of Biosystematics of the University of
Opole, headed by Professor A. Bodzioch. In 2006-2007, the “Dinopark” Society initiated
business activities at in the palaeontological pavilion which — being the main attraction at
Krasiejow — is open to the public seven days a week. The society also commenced design of a
website and had driveways and parking places built.

Delta Society, the owner of Jurassic parks at Battow and Solec Kujawski, won the
tender for development of the area surrounding the palaeontological pavilion. Their
investments led to the realisation and creation of the largest JuraPark in Poland. "Dinopark"
Society also decided to co-operate with both the municipality of Opole and Opole Zoological
Garden in promotional activities. This co-operation concerns jointly organised cultural events,
opportunities to place banners of partners’ activities, distribution of promotional materials,
and an exhibition showcase presenting a reconstruction of the pre-dinosaur Silesaurus
opolensis.

Thanks to the co-operation with the University of Opole, the unique bone beds have
been receiving the highest level of protection. On January 26, 2011, the Senate of the
University of Opole passed a resolution to acquire the palacontological pavilion on a free-of-

charge basis, to serve the development of a palaeontological field station.



Od zelaza do silezaura. Historia gornictwa i odkrycia kregowcow

triasowych w Krasiejowie

From iron to Silesaurus. The discovery of a Triassic tetrapod graveyard

and the history of mining at Krasiejow

Robert Niedzwiedzki

Instytut Nauk Geologicznych, Uniwersytet Wroctawski, pl. M. Borna 9, 50-204 Wroctaw; e-mail:

rnied@ing.uni.wroc.pl

Abstrakt

Dolina Matej Panwi ma bogate tradycje gornictwa odkrywkowego, zaczynajace si¢ w okresie
rzymskim wydobyciem rud darniowych. Eksploatowano je takze w §redniowieczu oraz
szczegoblnie intensywnie w Renesansie 1 w XVIII w. lfowiec gornotriasowy w Krasiejowie
pozyskiwano od pierwszej dekady XX w., poczatkowo do produkcji cegly, a od 1974 do 2002
jako surowiec niski dla cementowni w Strzelcach Op. Trias rejonu Krasiejowa wykartowat
Roemer juz w 1870 r., ale warstwy ko§ciono$ne odstonity si¢ tutaj dopiero w trakcie
eksploatacji na przetomie lat 70/80. XX w. Odkrycie skamieniatosci kregowcow, ktore
zainicjowalo opracowanie krasiejowskiej fauny i flory kopalnej przez zespot prof. Dzika,
nastapito w 1993 r. Dotychczasowym efektem tych badan jest ustanowienie 14 nowych
taksonow, publikacja 29 artykutéw naukowych, w tym 22 w czasopismach $wiatowych oraz
19 rozpraw doktorskich i magisterskich. Ranga odkrycia doprowadzita takze do wielkiej
promocji wioski 1 calego regionu oraz przyciggnela znaczny kapital, dzigki ktéremu
przeksztalcono teren wyrobiska gorniczego w nowoczesny obiekt edukacyjno-rozrywkowy,

odwiedzany corocznie przez kilkaset tysigcy turystow.

Wstep

Pozny trias to epoka fundamentalnych przemian $§wiata krggowcow ladowych. Dominujace
dotad gady ssakoksztattne (synapsydy) stopniowo podupadaja, a ich miejsce przejmuja,
ulegajace bujnej radiacji, inne taksony gadow, gldwnie archozaury. Powstato wtedy wiele
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linii ewolucyjnych, w tym dinozaury, ktore wkrotce obejma panowanie na lagdach na prawie
150 min lat. Poznanie gatunkow z pierwszych etapow rozwoju tych linii jest kluczowe dla
odtworzenia ich filogenezy. Jednocze$nie schytek triasu to ostatnia faza prosperity
labiryntodontéw, najwazniejszej grupy pierwotnych ptazéw mlodszego paleozoiku i
poczatkdéw ery mezozoicznej. Dlatego tez kazde bogate stanowisko paleontologiczne
dokumentujace 6w odcinek czasu jest cenne naukowo. W przypadku Krasiejowa (Fig. 1 pkt.
K.) znaczenie to potgguje fakt, iz zespot skamieniatosci jest tam zréznicowany
taksonomicznie i zawiera szkielety sporej liczby osobnikéw z poszczegdlnych gatunkow, w
dodatku o znacznej kompletnosci. Pozwala to na bardziej wiarygodne i doktadne
rekonstrukcje zwierzat niz w przypadku znalezisk pojedynczych kos$ci szkieletu, a takie

zazwyczaj znajduje si¢ w odkrywkach.

Odkrycie jednego z najciekawszych punktow na paleontologicznej mapie $wiata triasu
nie byloby mozliwe bez odstonigcia poktadéw kostnych przez goérniczg eksploatacje itowcow
w Krasiejowie. Przemyst cementowy wsparl takze finansowo pdzniejsze wykopaliska. Z tych
powoddéw zdecydowatem si¢ przedstawic nie tylko dzieje znalezienia tego eldorado
skamieniatosci 1 jego znaczenie dla nauki i promocji Krasiejowa, ale tez omowic

wielowiekowe, a dzi$§ zapomniane, tradycje wydobywcze catego regionu.

Gornictwo w rejonie Krasiejowa

Poczatki pozyskiwania surowcow mineralnych na tym terenie zwigzane sg z wydobyciem rud
zelaza, tzw. darniowych. Wystgpowaly one obficie w czwartorzedowych osadach
podmoktych odcinkéw dolin Matej Panwi 1 jej doptywdw. Wspotczesne kraje rozwinigte nie
eksploatuja rud darniowych ze wzgledu na zbyt niskg zawarto$¢ zelaza (ponizej 50%, zwykle
ok. 30% Fe), znaczng ilo$¢ szkodliwych domieszek (siarka i fosfor) i za male, jak na
dzisiejsze zapotrzebowanie, ztoza zalegajace w cienkich soczewach (migzszosci zazwyczaj
ponizej 0,5 m i powierzchni do paruset m?), rozdzielonych osadami ptonnymi (dane z:
Ratajczak & Rzepa 2011). Jednak przed epoka industrialng taka wielko$¢ ciat rudnych
odpowiadata 6wczesnym mocom produkcyjnym piecéw hutniczych, zwlaszcza ze rudy te sa
samoodnawialne — przy zachowaniu flory glebowej 1 stosunkéw wodnych wyeksploatowany
poktad odtwarza si¢ po kilku — kilkunastu latach. Rudy te ceniono wowczas ze wzgledu na
tatwos¢ wydobycia (lezg na glebokosci pargdziesigciu centymetréw), mato pracochtonng
preparacje przed wsadem i niskg temperature topnienia, co byto istotne, gdyz w dymarkach

trudno osiggna¢ temperaturg konieczng do wydajnego wytopu rud wysokogatunkowych. Tak



o gornoslaskich rudach darniowych (btotnych) pisat do§wiadczony hutnik Walenty
Rozdzienski w 1612 r.:

... na blociech najdujg jej dosci;

Lezy w wodzie, pod razem zowg ja blotnica

A moglby ja — prze cnote jej — nazwac ztotnica.
Harzo spieszna na decie, nie trzeba jej pali¢

Tylko wyplokawszy ja z piasku na piec wali¢;
Przechodzi w swej plennosci rud wszytkich rodzaje.
Jeno ize Zelazo barzo krewkie daje."

Istotng wade stanowita wspomniana krewkos¢, czyli krucho$¢ metalu. Wynika ona z
nadmiaru fosforu, cechujacego rudy opolskie. Poktadow matopanewskich nie zbadano dotad
szczegotowo, ale przez analogie do pobliskich rud z Przylesia DIn. (por. Muszer 1998) mozna

je uznac za ubogie, zawierajace ponizej 30 % Fe.

[ ] N

Kluczbork

.28

Czestochowa B

Fig. 1. Mapa lokalizacyjna dorzecza Matej Panwi z miejscowosciami opisanymi w tekscie. Sketch
map of the central part of Opole Silesia, with localities described in the text. K. — Krasiejow; 1 —
Dobrzen Maty; 2 — Czarnowasy; 3 — Krzanowice; 4 — Kotorz Maty; 5 — Turawa; 6 — Dgbska Kuznia; 7
— Dg¢bie; 8 — Walidrogi; 9 — Tarnéw Op.; 10 — Daniec; 11 — Szczedrzyk; 12 — Ozimek; 13 — Krzyzowa
D.; 14 — Rozmierz; 15 — Szymiszoéw; 16 — Osiek; 17 — Kadtub; 18 — Staniszcze Mate; 19 — Zawadzkie;
20 — Lubliniec; 21 — Kalety; 22 — Lubsza; 23 — Wozniki; 24 — Kozieglowy; 25 — Grodziec; 26 —
Dobrodzien; 27 — Lisow; 28 — Olesno.



Najstarsze piece dymarskie lub inne dowody hutnictwa zelaza w dolinie Matej Panwi
(Fig. 1) udokumentowano archeologicznie w 10 stanowiskach kultury przeworskiej (pdzny
okres rzymski, II-IV w. n.e.). Kolejne znaleziska tego samego wieku lezag w dorzeczu tej
rzeki, w tym 15 wzdhuz dolnej Chrzastawy (Jemielnicy, np. Daniec, Fig. 1 pkt. 10; dane w:
Madera 2002) oraz, jak wynika z prac prof. Kostrzewskiego, kilka nad Stotg (Rybng). W tym
czasie eksploatacja 1 wytop matopanewskich rud darniowych koncentrowaty si¢ glownie w
strefie dolnego odcinka Matej Panwi (Czarnowasy, Krzanowice, Kotoérz Maty, Turawa,
Szczedrzyk, Fig. 1 pkt.: 2-5, 11; zestawienie w: Madera 2002 i inf. ustne). Zdecydowanie
najwickszy osrodek hutniczy (9 szybowych piecoOw kotlinkowych i jedyny napotkany w
Polsce piec staly, koputowy, stuzacy do wielokrotnego wytopu) znajdowat si¢ na pdinoc od
ujscia Matej Panwi do Odry w Dobrzeniu Matym (teren obecnej elektrowni Odra; Fig. 1 pkt.
1), pozostate osrodki produkowaty okresowo i na mala skale (Tomczak 2002; Madera, inf.
ustne). Najblizej Krasiejowa $lady hutnictwa znajduja si¢ w Szczedrzyku (8 km) i Dancu (9,5
km).

Wydobycie 1 wytop prowadzono w niewielkim zakresie 1 w §redniowieczu, cho¢ ten
etap jest stabo poznany. Zuzel pohutniczy i ceramike z XIV — XV w. wykryto w trakcie badan
powierzchniowych w dolinie Chrzastawy w De¢bskiej Kuzni, Debiu, Osieku 1 Kadtubie (Fig. 1
pkt. 6, 7, 16, 17; dane uzyskane z zestawien archeologicznych od dr. Madery z Muzeum
Archeologicznego we Wroctawiu). Oprocz tego, jak wynika z dzieta Rozdziefiskiego (1612),

przynajmniej dwie kuznice dziataty w péznym Sredniowieczu w gornym biegu Matej Panwi.

Do rozkwitu wydobycia rud darniowych w dorzeczu tej rzeki doszto dopiero w
Renesansie. Wiemy o tym z unikatowego, bo pisanego wierszem, traktatu o historii 1 technice
slaskiego hutnictwa 1 gornictwa rud zelaza ,,Officina ferraria abo huta 1 warstat z kuzniami
szlachetnego dzieta Zzelaznego™ autorstwa wspomnianego Rozdzienskiego (1612). Duzo
miejsca poswigca on produkcji zelaza ze zt6z doliny Matej Panwi, wymieniajac 7 kuznic (hut)
tam dzialajacych oraz kolejne dwie nad jej doptywem — Stolg (Fig. 1). Nastapito jednak
wyrazne przesunigcie centrow eksploatacji — wczesniej rudy darniowe wytapiano w dolnym
odcinku Matej Panwi 1 tamtejszych doptywow, a w XVI/XVII w. wszystkie kuznice byty w
dorzeczu gornego biegu omawianej rzeki (rejon Kalet, Fig. 1 pkt. 21). W tych czasach
dymarki wznoszono koto ztoza, nie przywozono surowca z innych lokalizacji, wiec przejawy
hutnictwa sg jednoczesnie dowodami wydobycia rudy w danym miejscu. Bardzo je zresztg

mistrz Walenty cenit, skoro pisat:



»Wszakoz w ksiestwie opolskiem nad te wszytkie szlgskie

Kuznice nastawniejsze juz s3 matpadewskie”

W samym Krasiejowie odkryto niewydatowane $lady wytopu zelaza (Juros, inf.
ustna), a poniewaz Rozdzienski i pozostale zrodla z epoki nie wspominajg kuznic z tej wsi, to

zapewne znalezisko pochodzi ze $redniowiecza lub okresu rzymskiego.

Matopanewskie hutnictwo upadto podczas wojny trzydziestoletniej i odrodzito si¢
dopiero w potowie XVIII w. W przypadku Krasiejowa przetomem stato si¢ otwarcie w 1754
r. huty w Ozimku (Fig. 1, pkt. 12), od poczatku bazujacej na m.in. krasiejowskich rudach
darniowych (Juros 2012) lezagcych w dnie doliny rzecznej. By zmniejszy¢ koszty transportu,
w 1767 r. wzniesiono w Krasiejowie wysoki piec i dwie fryszerki (Juros 2012), dzigki czemu
do Ozimka dostarczano juz odtad potsurowiec. Huta krasiejowska i fabryka karabinow
dziataly do 1851 r., ale miejscowe poktady wyczerpaty sie po 2-3 dekadach i od schytku
XVIII w. rude przywozono z innych rejonéw Goérnego Slaska (Juros 2012 i inf. ustna).

Z hutnictwem zwigzana jest takze inna krasiejowska kopalina — kwarcowe piaski
formierskie, stuzace do wykonywania form odlewniczych. W 1964 r. z mysla o hutach w
Ozimku i1 Zawadzkiem (Fig. 1 pkt. 19) udokumentowano w terasie Matej Panwi w
Krasiejowie zloze tych piaskdéw, o zasobach 470 tys. ton 1 migzszosci 8,3 m (Koztowski 1979;
Przeniosto 1997). Pomimo bardzo dobrej jako$ci surowca (temperatura spiekania 1400 ° C;
patrz Koztowski 1979) nie doszto do rozpoczecia eksploatacji, zapewne z powodu zbyt matej
zasobnosci. Oprocz tego drobne ilosci piaskow 1 zwirdow rzecznych wydobywano w
Krasiejowie na potrzeby gospodarskie oraz w wyrobisku migedzy Krasiejowem a Staniszczami
Matymi, blizej tego drugiego (znane z mapy z 1942 r., fig. 1 pkt. 18). Triasowe itowce z
Krasiejowa przez diugi czas nie byly eksploatowane 1 nie stanowity obiektu zainteresowania
uczonych. Na najstarszej geologicznej mapie Opolszczyzny autorstwa Bucha z 1797 r.
(wydanie: Buch 1802) catg doling Matej Panwi zajmuja wapienie, tworzac rozlegla, ciagla
pokrywe siegajaca prawie do Kedzierzyna i Kozla. W rzeczywisto$ci w regionie Ozimka —
Zawadzkiego zadnych wapieni nie ma na powierzchni czy tuz pod nig. Badania osadéw
gornego triasu pétnocno-wschodniej Opolszczyzny 1 lezacych na wschod od niej Ziem
Lublinieckiej oraz Zawiercianskiej zainicjowat w 1822 r. Oeynhausen monografia
poswigcong geognozji Gornego Slaska i krain oéciennych. Na mapie geologicznej Grn. Slaska
(Fig. 2) zamieszczonej w tej publikacji, odnotowano fabryke broni w Krasiejowie, ale
geologicznie prawie cate dorzecze Malej Panwi jest tam ,,biatg plama” — jedyne odstonigcie w
poblizu wykartowano w D¢biu (bazalty), a kolejne dopiero w rejonie Opola, Walidrog,

Tarnowa Op., Rozmierza i Olesna (Fig. 1, pkt. 7, 8, 9, 14, 28).
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W tym czasie nie stosowano jeszcze nazw systemow (np. trias), totez Oeynhausen stosuje

wydzielenia litologiczne, tylko czasami wprowadza tez rozrdznienia chronologiczne, np.

starsze/mtodsze poktady gipsu, wapienia. Kolejna mapa geologiczna, Carnalla (1844), cho¢

znacznie doktadniejsza (Fig. 3, m.in. zaznaczyt zaliczane dzi$ do gornego triasu wychodnie

wokot Debia i na wschod od Dobrodzienia, Fig. 1 pkt. 7, 26), w dalszym ciggu nie

odnotowuje w strefie dolnej 1 srodkowej Malej Panwi wychodni.

Nie wspomina si¢ tez o tamtejszych odstonigeciach w dwczesnych publikacjach - Pusch

(1836) i Carnall (1846) dos¢ obszernie omawiaja wychodnie gérnotriasowe, ale lezace

znacznie na wschod wzgledem Krasiejowa — od Lublinca i Lisowa po Wozniki oraz

Koziegtowy (Fig. 1 pkt. 20, 27, 23, 24). Z kolei Goppert (1844, 1846) opisat flore okolic

Kluczborka (Fig. 1).
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Fig. 2. Wycinek mapy geologicznej Oeynhausena (1822) ukazujacy doling Malej Panwi. Zielona

barwg oznaczono ity zelaziste, zottym (nr 10) —

,.starszy poktad wapienia”, a siwym (nr 16) bazalty.

Fragment of the geological map of Oeynhausen (1822). Green: ferruginous clays; yellow: “older

limestone layer”; grey: basalts.
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Autorzy ci uznali badane utwory za jurajskie. Prawidlowy, podznotriasowy wiek
wickszosci tych skat, udowodnit dopiero Roemer (1862, 1863, 1867, 1870). Rozbudowat on
tez charakterystyke paleontologiczng i litologiczng tych wydzielen, dzielac tutejszy trias
gorny na kajper i retyk. Roemer (1870) jest takze autorem pierwszej mapy, na ktorej

przedstawiono geologie okolic Krasiejowa.

Oprdcz dominujacych osadéw dyluwium (plejstocenu) 1 wystepujacych w dolinie Matle;j
Panwi i jej doptywach utworéow aluwium (holocenu) wykartowat liczne, drobne odstonigcia
itow triasu (opisanych jako dolny kajper), w tym cztery w granicach samego Krasiejowa (Fig.
4), jedno z nich w obrebie wspolczesnego wyrobiska pokopalnianego. Jednakze brak
wzmianek o krasiejowskich itowcach w tekscie monografii Roemera (1870), w poswigconej
kajprowi §laskiemu pracy Ecka (1863) i w pdzniejszych artykutach niemieckich, sugeruje, iz
w tym czasie nie byto tam zadnych odkrywek eksploatacyjnych. Potwierdza to fakt, iz na

mapach topograficznych z 1883 1 1904 r. nie ma w Krasiejowie glinianek czy cegielni.
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Fig. 3. Wycinek mapy geologicznej Carnalla (1844, zbiory Bibl. Uniw. Wroc.) ukazujacy doling Malej
Panwi. Zielong barwg (nr 2) oznaczono wapienie kredy; r6zowa (nr 4b) — jurajskie ity czerwone,
jasnoszarg (4c) jurajskie ity z zelazem, szaroniebieska (nr 4c) wapienie jurajskie; jasnoniebieska (nr 5)
wapien muszlowy, a ciemnoniebieska dolomity wapienia muszlowego; szary kolor k. Debia (nr 9)
oznacza bazalty.

Fragment of the geological map of Carnall (1844). Green: Cretaceous limestones; pink and grey:
different types of Jurassic clays and limestones; blue: Muschelkalk; dark grey: basalts.
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Fig. 4. Wycinek mapy geologicznej Roemera (1870) ukazujacy rejon Krasiejowa. R6zowa barwa
opisano ity dolnego kajpru, tososiowa - osady dyluwium, a kremowa - utwory aluwium.
Fragment of the geological map of Roemer (1870). Pink: Lower Keuper clays; salmon: diluvium;
cream: alluvium.

Fig. 5. Cegielnia w Krasiejowie w trakcie budowy w 1910 r. (52) i po ukonczeniu (5b). Autor
nieznany, fragment pocztowki wydanej przez Stowarzyszenie Mitosnikow Krasiejowa.
Brickyard at Krasiejow in the construction in 1910 (5a) and after finishing (5b).

Jak wynika z opracowan Stowarzyszenia Mito§nikow Krasiejowa cegielnia bazujaca na
miejscowym ztozu powstata w 1910 r. (Fig. 5a,b), lecz juz w pierwszej dekadzie XX w.
eksploatowano it i wypalano cegly w prowizorycznych piecach (S. Widawska, inf. ustna).
Zachowane zdjecia migdzywojenne wskazuja, ze surowiec przewozono do cegielni kolejka

waskotorowg konnymi wagonikami (Fig. 6). Relacje mieszkancow, analiza map i pozostatosci
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terenowych dowodza, iz kopaling pozyskiwano z kilku wyrobisk na wschod od wsi, przy
czym w roznych odcinkach czasu jedne porzucano, a inne uruchamiano. W 1942 r. gtdwna
odkrywka, dlugosci 200 m zaczynata si¢ 800 m na wschod od cegielni, na terenie obecnego
zachodniego skraju JuraParku i hald pokopalnianych (Fig. 7). Sukcesywnie rozbudowywana
w latach powojennych, w momencie zamknigcia kopalni w 1967 r. mierzyta 290 x 290 m i1 do
8 m glebokosci, a roczny uzysk itu siegat blisko 27 tys. ton (dane z dokumentacji kopalniane;j
i z Tokarskiego et al. 1964). Produkowana cegla byta dobrej jakosci i cho¢ przeznaczano j3 na
rynek lokalny, to w czasie Il wojny $wiatowej wysytano na odbudowe Berlina niszczonego
przez alianckie bombardowania, a w latach 50. XX w. do Warszawy, m.in. dla wznoszonego
Patacu Kultury 1 Nauki (S. Widawska 1 potomkowie wtascicieli zakladu, inf. ustna).
Wytwarzania cegiel zaprzestano po pozarze cegielni 25 XI 1967 r. (S. Widawska, inf. ustna,
za kronikg OSP; bledne sg podawane w literaturze daty 1965 i 1966).

Chociaz zasoby bilansowe itu byty wciaz olbrzymie (11 mln ton wg dokumentacji z
1964 r.) zdecydowano si¢ zamkna¢ zaklad, a ztoze przeznaczy¢ na potrzeby planowanej
cementowni w Strzelcach Op. (Fig. 1), gdzie it stanowit surowiec niski w procesie produkcji
cementu. Planowano eksploatacje w 5 poziomach eksploatacyjnych do gigbokosci 33 m, gdyz
glebiej, zazwyczaj na 34-35 m, zaczynaja si¢ niepozadane w cementownictwie wkladki gipsu
(dane z dokumentacji kopalnianej). W takim charakterze wznowiono wydobycie w 1974 r.
prowadzac je do 2002 r., gdy w zwiazku z likwidacja cementowni ilowiec przestat by¢
potrzebny. W migdzyczasie dzigki udokumentowaniu przylegtych do wyrobiska obszarow
zwiekszono wielko$¢ ztoza, tak ze w momencie wykreslenia z ewidencji (2003 r.) zasoby
bilansowe itu siggaly juz prawie 34 mln ton, a wielko$¢ wyrobiska (obecnie znajduje si¢ w
nim ekspozycja modeli dinozaur6w JuraParku) wyniosta 450x350 m i do 23 m giebokosci (3
poziomy eksploatacyjne; dane z dokumentacji kopalnianej). Rocznie pozyskiwano 236 tys.

ton itu w 1996 r. (Przeniosto 1997).

Odkrycie kregowcow triasowych w Krasiejowie

W marcu 2000 r. ukazuje si¢ w Przegladzie Geologicznym pierwszy artykut naukowy (Dzik
et al. 2000) informujacy o odkryciu w Krasiejowie bogatego, gornotriasowego cmentarzyska
wielkich ptazow 1 gadow. Prezentuje wyniki badan wykonanych przez pracownikoéw Instytutu
Paleobiologii PAN i Uniwersytetu Wroctawskiego pod kierunkiem prof. Dzika. Opinia
publiczna w Polsce juz wie o tym wydarzeniu z Gazety Wyborczej, ktora 10 II 2000 r. pod
frapujacym tytutem ,,Cement z dinozaurow” umiescita obszerny tekst pidra J. Dzika
popularyzujacy krasiejowskie kregowce. Od tego momentu mata miejscowos¢ staje si¢ stynna

nie tylko w Polsce, ale i na $wiecie.
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Fig. 6. Transport itu z wyrobiska do cegielni w Krasiejowie, okres migdzywojenny, autor nieznany,
uzyskane od p. J. Anderwalda i S. Widawskie;j.
Transport of clay from the pit to the brickyard in Krasiejow (photograph before 1939).

Historia ta nie zaczyna si¢ jednak w roku 2000, bowiem do odkrycia inicjujacego
program badawczy zespotu prof. Dzika i ratujacego setki szkieletow od zgbow koparki doszto
w czerwcu 1993 r. W ramach pracy doktorskiej poswigconej morskim utworom triasu
penetrowalem rozlegly kamieniolom w Strzelcach Op., gdy jeden z robotnikoéw rzucit ,,Pan tu

")’

muszelki zbierasz, a w Krasiejowie cate kosci leza!”. Wiadomos¢ ta, wbrew pozorom, nie
wzbudzita u mnie szczegdlnego entuzjazmu. Byto to juz szoste doniesienie o skamieniatych
kosciach, ktore ustyszatem od kogos, kto widziat je na wlasne oczy w jakiej$ odkrywce.
Poczatkowo sprawdzatem je z wielkimi nadziejami, ale zawsze okazywato sig¢, iz informator,
nie bedac zawodowym geologiem, uznat za kos¢ wydtuzony krzemien, gruzet wapienny, a w
dwach przypadkach istotnie napotkalem pokazne zebra czy szczeki, tyle Ze nie stworzenia
sprzed milionéw lat, a wspotczesnej, cho¢ zdechtej krowy. Dhugo zastanawiatem si¢ wigc czy

warto weryfikowa¢ kolejng informacj¢. W koncu zdecydowalem si¢ pojecha¢ po uzyskaniu

zgody kierownictwa kopalni itu. Obawy w petni si¢ potwierdzaty — ani w dominujacych
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czerwonych i szarych itowcach, ani w pojedynczych tawicach piaskowcodw wapnistych nie
bylo nie tylko szczatkow kregowcow, ale jakichkolwiek skamieniatosci. Bez rezultatu
obszedtem poludniowg i zachodnig $ciang, spenetrowatem $rodek odkrywki, a nawet hatdki
materialu spadajacego z tasmociagu. I dopiero na samym koncu, zblizajac si¢ do duzej
koparki wielonaczyniowej pracujacej pod potnocng krawedzig spostrzegtem, ze u podstawy
$ciany zaczyna si¢ istne osypisko kostne. Na odcinku 200 m dostownie szto si¢ po kosciach,

wsrdd ktorych dominowaty trzony kregow. Pojawity si¢ takze o$rodki malzy.

% .Sy(lmnh I?Q}\om’

1 ()nhm !»’[3'?111

Fig. 7. Fragment mapy Messtischblatt, ark. Malapane, 1942 r. Widoczne: wyrobisko (Schp.) cegielni
(Zgl., oba na SE od centrum wsi) i mtyn wodny na miejscu dawnej huty (w NW czeéci mapy) w
Krasiejowie.

Fragment of the sheet with Krasiejow, map sheet Malapane, 1942. The clay pit (Schp.), brickyard
(Zgl.) and watermill (former ironworks) are seen.

Wsrdd zebranych tego dnia 40 kg materialow (byta to drobna czes$¢ lezacych okazdw:
trzonow 1 sporadycznych catych kregow, fragmentow pokaznych kosci dtugich, zeber, zgbow,
z ktorych najwigkszy miat 4 cm, elementéw pasa barkowego) tylko ptyty kostne byty na tyle
charakterystyczne, ze juz wowczas wiedziatem, iz trafitem na labiryntodonty. Jeden kawatek
wydtuzonego pyska z do$¢ cienkimi zgbami ewidentnie nie pasowat do labiryntodontow, ale
nie mogtem przyporzadkowac go do innej grupy (dzis wiadomo, iz byt to utamek
Paleorhinus, podobnie jak dwa kregi 1 pare zebow, reszta zbioru nalezata do Metoposaurus).
Cho¢ niezwykle liczne, to wszystkie znajdywane w osypisku u podstawy $ciany

skamieniatosci krggowcow byty fragmentaryczne i brakowato cho¢by czesciowo
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kompletnych szkieletow. Zidentyfikowatem w $cianie horyzont z ko§¢mi stwierdzajac, ze jest
to jedyna taka warstwa (pozniej zespot prof. Dzika odkryt jeszcze jeden, wyzszy horyzont
kostny), lecz proba pozyskania bardziej kompletnych czesci szkieletu zakonczyta sig
niepowodzeniem, gdyz odstaniany element plaza okazat si¢ niezwykle kruchy. Poza tym

warstwe z kos¢mi przykrywat gruby nadktad itowca utrudniajacy prace.

Nastepnego dnia wrocitem do kamieniotomu w Strzelcach Op., gdzie przypadkiem
spotkalem 6wczesnego studenta Uniwersytetu Warszawskiego Andrzeja Kaima i jego
promotora prof. Dzika. A. Kaim miat prowadzi¢ tu badania morskiej fauny w ramach pracy
magisterskiej. W trakcie spotkania poinformowatem rozméwcoOw o wystepowaniu ,,ptazow
tarczogtowych” w Krasiejowie, co wzbudzilo ich wielkie zainteresowanie i w ten sposob
jeszcze tego samego dnia powtornie znalaztem si¢ w odkrywce itowca. Profesor Dzik wsrod
szczatkdw plazoéw odnalazl w $cianie 1 zidentyfikowat czaszke gada, okazalo si¢ wiec, ze
oprécz pospolicie wystepujacych labiryntodontéw sa tez inne grupy kregowcdéw. Co wigeej,
w ciggu paru dni doprowadzil w wyniku rozméw z kierownictwem Goérazdze Cement S.A.
(6wczesnym wiascicielem zaktadu) 1 samej kopalni do zaprzestania eksploatacji §ciany z
warstwa kostna, ratujagc w ten sposob stanowisko paleontologiczne. Wtedy tez rozpoczat, przy
finansowym 1 organizacyjnym wsparciu Gorazdze Cement S.A., zdejmowanie nadktadu
tfowca przykrywajacego horyzont z czworonogami. Umozliwilo to odstonigcie 1
zabezpieczenie calych zespotéw kostnych w pozycji, w jakiej zostaty pogrzebane przed ponad
200 mln lat, a w konsekwencji wydobycie 1 opracowanie nie tylko systematyczne, ale i
tafonomiczne czy biostratonomiczne tego materiatu. Bylo to tym bardziej kluczowe, ze
szkielety krasiejowskie cechuje silne spekanie 1 gromadzace si¢ u podnoza $ciany kawatki
odpadle z warstwy ko$cionos$nej, cho¢ spektakularne kolekcjonersko, sa zbyt
fragmentaryczne, by posiada¢ istotng wartos¢ naukowa. Prof. Dzik stworzyt tez zespot
zlozony ze specjalistow paleozoologii, paleobotaniki 1 geologii, niezbedny do wszechstronne;j
analizy roznorodnego zespotu fauny Krasiejowa i jej geologicznego kontekstu. Od 2002 duza
role w badaniach pehnit zespot prof. Bodziocha i prof. Jagt-Yazykovej z Uniwersytetu
Opolskiego. Do wspotpracy wlaczyli si¢ naukowcy z uniwersytetow: Jagiellonskiego,
Slaskiego, Warszawskiego, Wroclawskiego i UAM oraz innych placowek badawczych.
Wielkie znaczenie miato takze zaangazowanie dziesigtkéw studentow — wolontariuszy w
ramach obozoéw poszukiwawczych prowadzonych od 2000 r. do dzi$. Ich wktad byt
niezbe¢dny do osiggni¢cia sukcesoOw w eksploracji ztoza kostnego, jednoczesnie za$
praktyczne zajgcia w Krasiejowie i liczne kursy szkoleniowe organizowane przez Instytut
Paleobiologii PAN oraz wspotpracujgce instytuty stanowity dla tych studentow znakomita

lekcje paleontologii i zachecity wielu z nich do zawodowego zaangazowania si¢ w t¢ nauke.
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Warto podkresli¢, ze chociaz odkrycie skamieniatosci w Krasiejowie w 1993 r. bylo
poczatkiem ratowania triasowego cmentarzyska przed dalsza przemystowa eksploatacjg, a
takze doprowadzilo do naukowego opracowania tego stanowiska paleontologicznego, to jak
si¢ pozniej okazato materiat kostny z miejscowego kamieniotomu znalazt juz w 1985 r.
owczesny uczen, a dzis doktor botaniki, Krzysztof Spatek. Zebrang kolekcje przekazat do
Zaktadu Paleozoologii Uniwersytetu Wroctawskiego, gdzie zostata poszerzona. Niestety, z
r6znych przyczyn nie doszto do jej opublikowania. Jeszcze wczesniej, na poczatku lat 80.,
pojedynczy obojczyk metopozaura trafit do kolekcji Instytutu Paleobiologii PAN, ale bez
doktadnej lokalizacji, tak wigc dopiero obecnie wiemy, ze jest to okaz krasiejowski (Dzik &
Sulej 2004, 2007). Istotne jest wigc pytanie, kiedy doszto do odstonigcia warstw

ko$ciono$nych w Krasiejowie?

Fragmenty kregowcow gornotriasowych z potnocnego Gornego Slaska po raz
pierwszy przedstawit Roemer (1867, 1870), opisujac i ilustrujac kawatki ptyt kostnych ptaza
Mastodonsaurus oraz pojedyncze, niekompletne zeby gadow Termatosaurus i Megalosaurus
cloacinus (s3 to oznaczenia Roemera, w istocie tak szczatkowego materiatu nie da si¢ okresli¢
do poziomu rodzaju). Znaleziska te pochodzity z Lubszy, Czarnego Lasu k. Woznik i Lisowa,
a wigc z obszarow znacznie oddalonych od Krasiejowa (Fig. 1, pkt. 22, 23, 28). Z tej wsi nie
opisano zadnych skamieniatlo$ci zwierzgcych w artykutach przedwojennych, podobnie jak 1 w
czasie szczegotowych prac kartograficznych do arkusza mapy geologicznej Strzelce Op.
(Kotlicki 1973), obejmujacej wyrobisko cegielni krasiejowskiej. Szczatki kostne nie
odstaniaty si¢ takze w 1978 1., gdy powtdrnie penetrowano tamtejsza, powigkszong juz
kopalni¢ itowca (Kotlicki, inf. ustna). Badajacy paleontologicznie osady triasu z Krasiejowa
Bilan (1975) opisat stad wytacznie mikroskamieniato$ci roslinne. Jedynie Witzmann (2009;
na problem jego pracy zwrécita mi uwage dr Konietzko-Meier) podat, ze Gross (1934)
zamiescit fotografie ptytki cienkiej z kosci metopozaura z Krasiejowa. Jest to jednak
informacja bledna, bowiem Gross nie wymienit Krasiejowa, dyskutowany okaz opisat
»Metopias? Aus Oberschlesien”, nie wskazujac doktadnej lokalizacji, za$ labiryntodonty sg
znane od 1867 r. z innych miejscowosci Gérnego Slaska. Poniewaz obie warstwy
koscionosne zapadaja ku NE to nie wystepowaly one bynajmniej na catym obszarze ztoza
ifowcow, a jedynie w jego NE cze$ci. Nalezy wiec uznac, ze warstwy te odstonita

eksploatacja gornicza dopiero miedzy 1979 a pierwszymi latami lat 80. XX w.
Naukowe i gospodarcze rezultaty paleontologicznych prac w Krasiejowie

Efektem naukowym wieloletnich badan, jakie nastgpity po odkryciu cmentarzyska

krasiejowskiego jest: 29 artykuléw naukowych, w tym 22 w czotowych §wiatowych
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czasopismach (liczby te uwzgledniaja tylko geologiczne lub paleontologiczne publikacje
recenzowane, niekonferencyjne i poswigcone w catosci lub znacznej cze¢sci materiatom z
Krasiejowa), 1 monografia, 2 ksigzki popularnonaukowe (jedna z nich takze w wersji
anglojezycznej), stala wystawa w Muzeum Ewolucji PAN oraz par¢ czasowych wystaw w
roznych polskich placowkach naukowych. Kolejne artykuty sg w druku w prestizowych
pismach. Opublikowano kilkadziesigt artykutow w materiatach konferencyjnych i1 drugie tyle
popularnonaukowych. Skamieniatosci krasiejowskie umozliwity ustanowienie 14 nieznanych
dotad nauce taksonow: 2 rodzajow, 4 gatunkow i 1 podgatunku kregowcoOw oraz 3 rodzajow i
4 gatunkow bezkregowcow (Tab. 1). Znaleziono tez kilka innych nowych taksonéw, ktore sg
w trakcie opracowywania. Na bazie tutejszych materiatow powstaty 3 doktoraty 1 16 prac

magisterskich (nie liczac obecnie realizowanych).

Tab. 1. Lista nowych taksonéw ustanowionych na bazie materiatow z Krasiejowa.
List of new taxa established on the basis of fossils from Krasiejow.

Nowy takson
Kregowce
Silesaurus opolensis Dzik, 2003 Rodzaj 1 gatunek | Gad, dinozauromorf
Polonosuchus silesiacus Sulej, 2005 Rodzaj i gatunek | Gad, teratozaur
Stagonolepis olenkae Sulej, 2010 Gatunek Gad, aetozaur
Cyclotosaurus intermedius Sulej & Majer, 2005 | Gatunek Ptaz, labyrintodont
Metoposaurus diagnosticus krasiejowensis Podgatunek Ptaz, labyrintodont
Sulej, 2002
Bezkregowce
Krasiestheria parvula Olempska, 2005 Rodzaj i gatunek | Skorupiak
Menucoestheria bocki Olempska, 2005 Gatunek Skorupiak
Opolanka decorosa Dzik, 2008 Rodzaj 1 gatunek | Skorupiak
Silesunio parvus Skawina & Dzik, 2011 Rodzaj 1 gatunek | Malz stodkowodny
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Odkrycia krasiejowskie staly si¢ szansg na turystyczng i medialng promocj¢ Krasiejowa, a w
konsekwencji na gospodarczy rozwdj wsi i catego regionu. Od chwili ujawnienia przez nas
stanowiska paleontologicznego (Dzik et al. 2000) corocznie na teren wykopalisk przyjezdzato
kilka tysiecy zwiedzajacych (do 6 tys., wielko$¢ oszacowana wg danych z: Ksigzkiewicz &
Majer 2003 i niepubl. danych Ksigzkiewicza), chcacych osobiscie ujrze¢ miejsce
wystepowania wielkich drapieznych ptazow 1 gadow (najwigksi krasiejowscy przedstawiciele
tych zwierzat mieli odpowiednio 2,5 m i 4 m dtugosci) 1 nade wszystko silezaura,
opisywanego wowczas jako najstarszy na §wiecie i pierwszy w Polsce dinozaur (obecnie
zalicza si¢ go do dinozauromorfow). Znaczacy wzrost liczby turystow do kilkunastu tysiecy
rocznie (Hanszke 2012) nastapil po otwarciu dwdoch muzedw paleontologicznych: zalozonego
przez Stowarzyszenie Milosnikow Krasiejowa i Muzeum Slaska Opolskiego w centrum
wioski w 2005 r. oraz o rok p6zniejszego pawilonu eksponujacego oryginalny, pozostawiony
w miejscu znalezienia, fragment ztoza kostnego w samej odkrywce. Pawilon ten wraz z
dlugim pomostem widokowym (Fig. 8) prowadzacym przez srodek wyrobiska zbudowato
niebagatelnym naktadem blisko 6 mln z} Stowarzyszenie Dinopark, bedace wspdlnym
przedsigwzigciem samorzadow: wojewodztwa opolskiego, gmin Ozimek i Kolonowskie.
Prawdziwym przetomem w ruchu turystycznym stalo si¢ jednak przejecie terenu bytej kopalni
przez Stowarzyszenie Delta i wzniesienie tu JuraParku - wielkiego kompleksu edukacyjno-
rozrywkowego, obejmujacego m.in. ,,Tunel Czasu” prezentujacy dzieje Ziemi od Wielkiego
Wybuchu do konca ery paleozoicznej, ekspozycje naturalnej wielkosci modeli
mezozoicznych plazow 1 gadow oraz oceanarium z trojwymiarowymi inscenizacjami
morskich kregowcodw mezozoiku. Obiekt ten otwarty w VI 2010 r. i sukcesywnie
rozbudowywany kosztowat dotad 46 min zt (stan na jesien 2012 r.), ale tez spowodowat
gwattowny wzrost liczby zwiedzajacych (278 tys. turystow w sezonie IV - X 2011 r.,aw
2012 r. liczba ta bedzie przypuszczalnie znacznie wigksza; dane o ruchu turystycznym 1
kosztach — Hanszke 2012). Powazne inwestycje planowane sg na nastepne lata. Jednocze$nie
caty czas prowadzi si¢ na tym obszarze prace badawcze, pozyskujac nowe okazy triasowej

fauny 1 flory, co zwigksza atrakcyjnos¢ turystyczng obiektu.

Kolejnym etapom odkrywania miejscowego stanowiska paleontologicznego oraz jego
zagospodarowania turystycznego towarzyszyty dziesiatki artykutléw w prasie, audycje

radiowe 1 telewizyjne. Sprzyjato to upowszechnieniu wiedzy o Krasiejowie.
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Fig. 8. Pawilon z ekspozycja fragmentu ztoza kostnego i pomost widokowy w Krasiejowie.
Wooden gangway and palacontological pavilion in the Jura Park at Krasiejow.

Rolg stanowiska paleontologicznego i jego wtasciwego zagospodarowania dla promocji
Krasiejowa pokazuje analiza najpopularniejszej $wiatowej wyszukiwarki internetowej
Google. Chociaz wsrod wszystkich odniesien do stowa ,,Krasiejow” tylko 15% wiaze si¢ w
Google z dinoparkiem lub skamieniato$ciami, to jesli przeanalizujemy 10 i 100 pierwszych
pojawiajacych sie stron (czyli tych najtatwiej dostepnych dla czytelnika), to okaze sie, iz
odpowiednio 80% 1 59% z nich odnosi si¢ do paleontologii i JuraParku. Jeszcze dobitniej
trend 6w wida¢ w wyszukiwarce grafik Google, gdzie obrazy dinoparku lub skamieniato$ci to
94% z pierwszych 50 grafik i 84% z pierwszych 200 grafik po§wigconych Krasiejowowi.
Dodatkowe informacje wnosi porownanie ogladalno$ci w polskojezycznej Wikipedii hasta
Krasiejow wzgledem innych matych miejscowosci Opolszczyzny. Hasto o Krasiejowie ma
prawie pigciokrotnie wigkszg ogladalnos¢ od hasta ,,Szymiszow” — wioski (Fig. 1 pkt. 15) o
podobnej wielkosci, atrakcyjniejszych zabytkach i rowniez posiadajgcej potaczenie kolejowe.
Wzgledem innych wiosek z tej samej gminy (Krzyzowa D. 1 Grodziec, Fig. 1 pkt. 13, 25)
hasto Krasiejow ma ogladalnos¢ wigksza 6 do 9 razy i mniejsza, ale o podobnym rzedzie
wielkosci, ogladalno$¢ niz znacznie wicksze miasto Ozimek, bedace w dodatku siedzibg

sporej huty, szkot srednich oraz wiadz gminy (Fig. 9).
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Fig. 9. Wykres ogladalno$ci w polskojezycznej Wikipedii hasta Krasiejow wzgledem wybranych
miejscowosci Opolszezyzny (za okres VI — VIII 2012).

Number of hits of the article "Krasiejow" in the Polish Wikipedia versus similar localities in Opole
Silesia (June-August 2012).

Ozimek Krasiejow Grodziec Krzyzowa D. Szymiszow

Fig. 10. Wykres ogladalnosci w polskoj¢zycznej Wikipedii hasta Krasiejow w poszczegdlnych
miesigcach 2011 r.
Number of hits of the article "Krasiejow" in 2011 (by month) in the Polish Wikipedia.
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Podobne wyniki otrzymamy badajac trzymiesi¢czng ogladalnos$¢ haset w
angielskojezycznej Wikipedii: Ozimek 876 wejs¢, Krasiejow 526, Szymiszow 128. Z kolejnej
figury (Fig. 10) wida¢, ze radykalny wzrost ogladalnosci hasta ,,Krasiejow” ma miejsce od
kwietnia do sierpnia, co doktadnie pokrywa si¢ z tendencjami w rocznym rozkladzie liczby
zwiedzajacych JuraPark (dane o ruchu w parku uzyskane od dyrekcji; w kwietniu, a
zwlaszcza w maju ma tam miejsce silny przyrost wycieczek szkolnych, latem duzy ruch
generuja turysci indywidualni, raptowny spadek nastepuje we wrzesniu). Zbieznos$¢ ta
sugeruje, iz ogladalnos¢ hasta ,,Krasiejow” w Wikipedii jest w znacznym stopniu generowana
przez osoby zainteresowane edukacja i rozrywka paleontologiczng zwigzang z odkryciem i

zagospodarowaniem stanowiska skamieniato$ci triasowych.
Podzi¢ckowania

Wyrazy wdzigcznosci za cenne informacje oraz udostgpnione dane nt. historii rejonu
krasiejowskiego chciatbym przekaza¢ Panstwu: Jozefowi Jurosowi, Pawtowi Maderze 1
Sylwii Widawskiej. Dostep do mapy von Oeynhausena byt mozliwy dzigki uprzejmosci
pracownikow biblioteki Panstwowego Instytutu Geologicznego PIB w Warszawie. Korekte
jezyka angielskiego zawdzigczam dr. Johnowi Jagtowi. Dzigkuj¢ tez recenzentom za prace
nad ostatecznym ksztattem artykutu. Materiaty do niniejszej publikacji zgromadzitem w

ramach grantu 1017/S/ING/11-1V/m.
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Summary

The start of exploitations in the region of the River Mata Panew has been dated as the latter
stage of the Przeworsk culture (i.e., Roman period, second to fourth centuries AD), with finds
at the villages of e.g. Czarnowasy, Krzanowice, Kotorz Maly, Turawa and Szczedrzyk (see
Fig. 1); during that time, layers of bog ore (iron ore) near the surface were excavated (Madera
2002). Opencast mining of bog ores and smelting in bloomeries reached a peak in
development at the turn of the 16th and 17th centuries. The Polish metallurgist Walenty
Rozdzienski described some bloomeries along the M. Panew River in his poem (1612) on the
location and technology of Silesian bloomeries. After a period of decline in the 17th and the
first half of the 18th centuries, mining activities revived for a short time when new ironworks
were built at Ozimek (1754) and Krasiejow (1767); however, merely two to three decades
later, mining at Krasiejow ceased due to a lack of bog ore (Juros 2012; J.T. Juros, pers.

comm., 2012).

Upper Triassic clays had been excavated at Krasiejow since the first decade of the
20th century. Originally, the clays were used for the production of bricks. A brickyard was
built here in 1910 and this operated until it was destroyed in a fire on November 25, 1967
(Figs. 5-7). Bricks made at Krasiejoéw were used to rebuild buildings in Berlin after bombing
raids during World War II and to construct the Palace of Culture and Science at Warsaw (all
data regarding brickyards are taken from documents of Stowarzyszenie Mito$nikow
Krasiejowa). From 1974 to 2002, the clay was mined for the cement industry in Strzelce
Opolskie. The annual clay production was 27,000 tonnes in 1960s (pit size 290 x 290 m;
depth 8 m) and 236,000 tonnes in 1990s (pit size 450 x 350 m). Clay extraction in 2002 took
place at three levels with a total depth of 23 m. Clay reserves were estimated at 34 million
tonnes in 2003 (all data regarding this period are extracted from geological documentation
and Przeniosto 1997). A limited occurrence of high-quality Quaternary moulding sands was
discovered in 1964. However, these sands have never been exploited, probably due to its
small size (470,000 tonnes, arecal extent 4.8 ha, thickness 8.3 m; see Koztowski 1979;
Przeniosto 1997).

Krasiejow ranks amongst the few localities in the world where mass occurrences of
articulated skeletons of Late Triassic terrestrial tetrapods can be observed. However, the
earliest papers on the geology of Upper Silesia and the oldest geological maps of Silesia did
not record any Upper Triassic deposits in the Mala Panew region (Figs. 2, 3). The Triassic

clays and geological buildup of Krasiejow were depicted for the first time in a map by
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Roemer (1870; see Fig. 4). Both beds with tetrapod skeletons at the Krasiejow claypit
probably were exposed only between 1979 and 1985. Extensive palacontological and
geological studies at the pit started after R. Niedzwiedzki discovered the bone-bearing horizon
with labyrinthodonts in June 1993. The first scientific paper on tetrapods from Krasiejow was
published in 2000 (Dzik et al. 2000). The main investigations were conducted by scientists of
the Institute of Paleobiology of the Polish Academy of Sciences (since 1993, team of Prof. J.
Dzik) and of Opole University (since 2002, team of Prof. A. Bodzioch and Prof. E. Jagt-
Yazykova). Results of studies of the palacontological site at Krasiejow (1993-2012) appeared
in print in 29 scientific papers (except for non-peer reviewed papers, conference materials and
abstracts), one monograph and two popular science books. Fourteen new taxa (2 genera, 4
species and 1 subspecies of vertebrates; 3 genera and 4 species of invertebrates) have been
erected on fossil material from Krasiejow (Table 1). Three doctoral theses and 16 master

theses have been based on palacontological and geological materials from Krasiejow.

Palaeontological excavations at Krasiejow are important not only for their scientific
significance; they are also valuable for science popularisation, promotion of the Krasiejow
region and stimulation of tourism. Since 2000, when the palaeontological site was first
described, two palaeontological museums (founded in 2005 and 2006) and a large dinopark
(2010) have been established at Krasiejow. Rehabilitation of a former clay pit is a costly
affair; 1.4 million Euro was spent on the construction of a wooden gangway and of a
palaeontological pavilion in the northeastern corner of the abandoned pit (Fig. 8). At the
pavilion, part of the level with accumulations of labyrinthodont skulls is visible under a glass
floor. 12 million Euro was spent to construct the so-called Jura Park, inclusive of a dinopark
with life-size models of Triassic, Jurassic and Cretaceous dinosaurs and other Mesozoic
tetrapods, a palaeo-oceanarium, a recreational area and a cinema. As a result, the number of
tourists visiting the former clay pit at Krasiejow has been growing rapidly during the last few
years, from about 6,000 people per annum in 2003-2004 to about 15,000 per annum after
opening of the palaeontological pavilion in 2006 and to 278,000 tourists in 2011 after opening
of the Jura Park (all data regarding cost and number of visitors are taken from Ksigzkiewicz &
Majer 2003; Hanszke 2012). An analysis of data from Google and Wikipedia (Figs. 9, 10)

also confirms the growing popularity of Krasiejow among tourists.
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Rozwoj i aktualny stan badan nagromadzen kosci z Krasiejowa

Genesis and current state of knowledge of bone accumulations at Krasiejow

Adam Bodzioch
Uniwersytet Opolski, Katedra Biosystematyki, ul. Oleska 22, 45-052 Opole

e-mail: abodzioch@uni.opole.pl

Systematyczne badania triasowych skamieniato$ci z nagromadzen w Krasiejowie oraz
zawierajacych je osadow rozpoczety si¢ w roku 1993 (np. Niedzwiedzki 2012). Poczatkowo,
byly one prowadzone w $cistym gronie odkrywcow, pod egida Instytutu Paleobiologii
Polskiej Akademii Nauk, az do ukazania si¢ pierwszej publikacji na ich temat (Dzik i in.,
2000). Od tego momentu badania nabraty wigkszego rozmachu, gdyz — z jednej strony —
zaczely sie pojawiac publikacje materiatu juz opracowanego przez osrodki warszawskie, a z
drugiej — w badania coraz silniej zaczely si¢ angazowac inne os$rodki akademickie, gtownie
Uniwersytet Warszawski, Opolski, Slaski, Jagiellonski, UAM i Uniwersytet Przyrodniczy we
Wroctawiu, ktére rowniez rozpoczety publikacje osiagnietych wynikow. Kierunki badan
mozna podzieli¢ w pierwszym rzg¢dzie na paleontologiczne i geologiczne. Wsrdd pierwszych
dominuje rozpoznanie taksonomiczne skamieniatosci, a wérod drugich — stratygrafia i
srodowisko depozycji osadow. Rozpoznanie taksonomiczne stanowi pierwotny i dotad nie
zakonczony nurt badan. Obejmuje on wszystkie grupy skamienialo$ci znalezionych dotad w
itach krasiejowskich: krggowce, bezkrggowce, rosliny i glony.

Badania triasowych kregowcow z Krasiejowa skupialy sie poczatkowo na klasycznej
osteologii, zmierzajacej przede wszystkim do identyfikacji gatunkéw. Przyniosty one
udokumentowanie wystepowania czterech gatunkéw gaddéw (nowy rodzaj 1 gatunek
Silesaurus opolensis Dzik, 2003; nowy rodzaj i gatunek Polonosuchus silesiacus (Sulej, 2005;
Brusatte i inni, 2010); nowy gatunek Stagonolepis olenkae Sulej 2010; Paleorhinus sp.),
dwoch gatunkow ptazow tarczoglowych (nowy gatunek Cyclotosaurus intermedius Sulej 1
Majer 2005; Metoposaurus diagnosticus z nowym podgatunkiem krasiejowensis Sulej 2002)
oraz nie opracowanych jak dotad sfenodontéw 1 dwodch grup ryb (dwudyszne 1 ganoidowe).
Ponadto, w zebranych kolekcjach znajduje si¢ wiele ko$ci o wciaz nie ustalonej
przynaleznosci systematycznej, ktorych zbadanie z pewnoscig powigkszy ilo§¢ rozpoznanych
tutaj gatunkéw. Badania osteologiczne sg kontynuowane zar6wno na gruncie klasycznej
taksonomii (np. Barycka, 2007; Konietzko-Meier i Wawro, 2007; Mazurek 1 Stowiak, 2009;

Piechowski 1 Dzik, 2010; Antczak, 2012), jak i morfologii funkcjonalnej (np. Lech, 2012). W
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ostatnich latach rozpoczety si¢ takze badania osteohistologiczne, obejmujace gtdéwnie
zagadnienia wieku osobniczego 1 wzrostu zwierzat, sposobu poruszania si¢ i pobierania
pokarmu, biomechaniki, oraz funkcji niektorych elementow szkieletowych. Pierwsze wyniki
dotycza wybranych kosci silezaura (Fostowicz-Frelik i Sulej, 2010), fitozaura (Bronowicz,
2009) i metopozaura (Konietzko-Meier i Klein, 2012; Konietzko-Meier i Sander, w druku;
Gruntmejer, 2012; Zalecka, 2012; Gadek, 2012).

Bezkregowce sg licznie reprezentowane tylko przez malze (nowy rodzaj i gatunek
Silesunio parvus Skawina i Dzik, 2011), matzoraczki (2 gatunki; Dzik i Sulej, 2007), i
muszloraczki (3 gatunki, w tym 2 nowe; Olempska, 2004, 2011). Ponadto, wystepuja tu takze
cykloidy (1 gatunek, nowy; Dzik, 2008), sporadyczne $limaki i fragmenty pokryw chrzaszczy
(Dzik i1 Sulej, 2007). Rosliny wystepuja dos¢ obficie (gléwnie skrzypy, paprocie i
nagonasienne), jednak stan ich zachowania nie pozwala na precyzyjne oznaczenia. Mozliwa
jest identyfikacja co najmniej 6 gatunkéw (Dzik 1 Sulej, 2007). Sposrod glonéw opisane
zostaly cztery gatunki ramienic szeroko rozprzestrzenione w kajprze Europy Srodkowej
(Zaton i inni, 2005).

Badania stratygraficzne to przede wszystkim ustalenie, mozliwie jak najbardziej
precyzyjne, wieku osadéw, 1 — co za tym idzie — nagromadzen kostnych. Istnieje tu
podstawowa rozbiezno$¢ pomiedzy ,,szkola” paleontologiczng a sedymentologiczno-facjalng.
Wedlug pierwszej, opierajacej si¢ na trendach ewolucyjnych, warstwy ko$cionosne utworzyty
si¢ w karniku (np. Lucas 1 inni, 2007; Dzik, 2001; Dzik i Sulej, 2007; Majer 1 Lubka 2003),
natomiast wedtug drugiej, opierajacej si¢ na rozwoju litofacjalnym — w noryku (np. Szulc,
2005). Podobna kontrowersja istnieje w przypadku interpretacji srodowiska i sposobu
powstania nagromadzenia tworzacego dolny poziom koscionos$ny. ,,Szkota” paleontologiczna
rekonstruuje jezioro, w ktérym nastepowata powolna, sukcesywna akumulacja szczatkow
martwych zwierzat (np. Dzik i Sulej, 2007). ,,Szkota” geologiczna interpretuje natomiast
wtorng koncentracje kosci, ktora nastgpita wskutek katastroficznej redepozycji z duzego
obszaru rowniny aluwialnej, na przestankach sedymentologicznych (Szulc, 2005) i
diagenetycznych (Bodzioch i Kowal-Linka, 2012). Rdwnoczesnie, toczyta si¢ tez dyskusja na
temat ogolnego rozwoju paleosrodowisk, w ktorej Gruszka i Zielinski (2008) zaliczyli dolny
poziom kosciono$ny do systemu depozycji jeziornej, a gorny — do systemu rzeki
meandrujace;j. Istnieniu jeziora podczas depozycji dolnego poziomu kosciono$nego przecza
wspomniane badania sedymentologiczne 1 diagenetyczne (Szulc, 2005; Bodzioch 1 Kowal-
Linka, 2012).

Wszystkie te geologiczne, paleontologiczne i geologiczno-paleontologiczne

kontrowersje wskazuja, ze istnieje nadal potrzeba prowadzenia intensywnych badan, z
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naciskiem na podejscie interdyscyplinarne, ktore moze pozwoli¢ na petniejszg weryfikacje
wszystkich pogladow.

Z pozostalych badan, nie zwigzanych juz $cisle z paleontologia, pozostaty
opracowania mineralogiczne. Jak dotad, opublikowane zostato w tym zakresie tylko
doniesienie o celestynie (Bzowska 1 inni, 2004), co jest jedynie ulamkiem problematyki
wymagajacej badan. Przede wszystkim, z powodu licznych kontrowersji wokot
paleosrodowiska 1 zachodzacych w nim procesow, konieczne sg badania mineratow
autogenicznych, ktore sg ich niezaleznymi, a nie branymi dotad pod uwage $wiadectwami.

Od samego poczatku badan, troska wszystkich ich lideréw byto wiaczanie w nie jak
najszerszej rzeszy studentow, czego skutkiem byty (i s3 nadal) liczne prace magisterskie i
doktorskie (Tabela 1). Wigkszos$¢ z nich zostato zainspirowanych podczas corocznych
studenckich obozoéw wykopaliskowych organizowanych na stanowisku dokumentacyjnym
,» Irias” w Krasiejowie przez Instytut Paleobiologii Polskiej Akademii Nauk, Uniwersytet
Opolski 1 Uniwersytet Przyrodniczy we Wroctawiu, a znaczna cze$¢ znalazta kontynuacje w
formie dalszych badan prowadzonych przez absolwentoéw. W ten sposob, ,,krasiejowskie”
badania paleontologiczne i geologiczne odgrywajg ogromng role nie tylko w zakresie

poznawczym, lecz takze w zakresie rozwoju mtodej kadry naukowe;j.
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Summary

Systematic studies of Keuper (Late Triassic) bone beds near Krasiejow were initiated in 1993
by Professor Jerzy Dzik (Institute of Paleobiology, Polish Academy of Sciences, Warsaw) and
continued by this team until the first publication in 2000. Later, other scientific institutions
joined in, mainly the universities of Krakow (Jagiellonian), Silesia (Sosnowiec), Opole,
Warsaw, Wroctaw and Poznan, which has resulted in a broad spectrum of both
palaeontological and geological issues. Current palaeontological studies home in on the
systematics, osteology, palaeoecology and osteohistology of vertebrate faunas, and also
consider many aspects of invertebrate, plant and algal assemblages. To date, most of the
species represented have been recognised; however, lots of unidentified remains are in
collections, numerous problems remain unresolved, and quite a lot of interpretations are
controversial, e.g., on the mode of life, feeding and locomotion, intraspecific variability,
functions of some skeletal parts, individual age, ontogeny and taphonomy. Studies og a
geological nature mainly revolve around interpretations of the exact age of the bone-bearing
deposits, of the sedimentary environment, of diagenesis and of the origin of bone
accumulations. Similar to strictly palacontological issues, different opinions have been
expressed, depending of the methodology used, e.g. sedimentological versus diagenetic or
palaecontological data and inference. Contradictory views indicate that more interdisciplinary
studies are called for. Not only are the Krasiejow bone beds studied scientifically, they are
also used for education at any particular level. Research camps at Krasiejow, organised
annually by IP PAN, UO and Wroctaw UP, as well as student conferences and other
activities, serve to promote MSc and PhD theses. In actual fact, a new generation of

palacontologists is trained here.
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Morphology and function of cranial sutures of the Late Triassic
amphibian Metoposaurus diagnosticus (Temnospondyli) from

southwest Poland

Morfologia i funkcja szwow czaszkowych poznotriasowego plaza
Metoposaurus diagnosticus (Temnospondyli) z poludniowo-zachodniej

Polski

Kamil Gruntmejer
Adam Mickiewicz University, Department of Geographical and Geological Sciences, Institute of

Geology, ul. Makow Polnych 16, PL-61-606 Poznan, Poland, e-mail: jango_fett@interia.pl

Abstract

Selected sutures in the dermal skull roof and palate of the Late Triassic temnospondyl
amphibian Metoposaurus diagnosticus have been examined; suture morphology and their
functional role in skull biomechanics are here described along similar previous assumptions
of such a relationship. To date, our understanding of the forces generated during prey capture
and mastication in fossil amphibians is poor; however, the morphology of sutures and
collagen fibres arrangements may help to deduce the type of loading strains. In sutures of
Metoposaurus skull examined for the present paper, the following types of suture morphology
have been found: complexly interdigitated, shallowly interdigitated and overlapping. These
types have different functional manifestations. Complex interdigitated sutures are associated
with compressive strain, whereas a shallow interdigitated ones are adapted to resist tension
forces. The overlapping sutures can absorb and counteract loading of variable strains. This
shows the importance of suture morphology; its properties have a significant impact on the
biomechanics of a Metoposaurus skull. In the present study, suture morphology is correlated
with previous works on the morphology and functional implications of fossil and extant

animals.

Abstrakt

W pracy zbadano wybrane szwy wystepujace pomiedzy kosémi skornymi dachu czaszki
oraz podniebienia. Szwy przeanalizowano pod katem morfologii i ich roli w biomechanice
czaszki przy zatoZeniu istnienia powigzania pomi¢dzy morfologia a funkcja. Obecnie wiedza
na temat naprgzen powstajacych w czaszce podczas tapania i rozdrabniania zdobyczy wcigz
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jest niewielka. Poznanie zr6znicowania morfologii szZwOw moze pomoc w zrozumieniu typu
napi¢¢ powstajacych miedzy ko$¢émi czaszki. Wsrod szwow czaszkowych Metoposaurus
opisywanych w obecnej pracy wyodrebniono nastepujace typy morfologiczne: catkowicie
splecione, ptytko splecione 1 naktadajagce. Wyrdznione trzy typy szwoéw cechujg rozne
wlasciwosci mechaniczne. Caltkowicie splecione szwy przeciwdzialaja sitom S$ciskajacym,
ptytko splecione sa odporne na dziatanie sit rozciggajacych. Szwy naktadajace moga
absorbowac 1 przeciwdziala¢ zréznicowanym obcigzeniom. Przedstawione wyniki pokazuja
waznos¢ budowy szwoOw 1 ich znaczenie dla interpretacji biomechaniki czaszki Metoposaurus.
W pracy opisang morfologi¢ szwéw odniesiono rowniez do wczesniejszych wynikow

znanych dla innych grup kopalnych oraz wspotczesnych zwierzat.

Introduction

Metoposaurids were large (lengths of around 3 meters), Late Triassic amphibians
(Temnospondyli) with a strongly dorso-ventrally flattened body that were adapted to aquatic
life (Schoch & Milner 2000). A specific feature of the skull anatomy of Metoposaurus is the
location of the orbits; these lie in front of its part. It helped this aquatic predator in search of
prey in the murky waters (Sulej 2007). The roof of the skull shows a distinct sculpture which
consists of isometrically arranged pits in the central part of the skull and longitudinal grooves
near the edges.

New histological studies on skull bones of Metoposaurus (Gruntmejer 2012) have resulted
not only in a comprehensive description of their structure, but have also yielded new data on
cranial sutures, i.e., the fibrous joints between adjoining bones. This is important, because
cranial sutures are poorly known in fossil amphibians; to date, merely two papers have
appeared in print on temnospondyls (Kathe 1995, 1997), and their role in cranial
biomechanics amongst fossil and extant vertebrates has been at the centre of attention for
many researches for decades (e.g. Moazen et al. 2008). Palacontological studies of cranial
sutures rely mainly on a comparison of their morphology and function with skulls of modern
animals. Experimental skull analysis of miniature pigs (Sus scrofa) provides many important
data on the relationship between suture morphology and function, on collagen fibre
arrangements and stress distribution during mastication (Rafferty & Herring 1999). Complex
sutures with a high degree of interdigitation are characteristic of skull regions undergoing
strong compression, while sutures with shallow interdigitation and butt-ended sutures (or
abutting) are associated with tension (Jasinoski et al. 2010a). Similar conclusions have been

obtained in studies of morphology and collagen fibre arrangements of cranial sutures in the
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extant fish Polypterus endlicherii (Markey & Marshall 2007b). In addition, Markey &
Marshall (2006) focused also on the relationship between feeding mode and function of
cranial sutures in the Devonian tetrapod Acanthostega, in the osteolepiform fish
Eusthenopteron and in the terrestrial Triassic tetrapod Phonerpeton. Here, particular attention
is paid to Acanthostega, because this amphibian lived in water, similar to Metoposaurus. The
morphology of cranial sutures in Acanthostega suggests that that amphibian captured prey by

biting, rather than by suction; the latter occurred in Eusthenopteron.

Material and methods

The main goal of the present study is to specify the types of cranial sutures in the fossil
amphibian Metoposaurus diagnosticus, to describe their morphology and that of collagen
fibre arrangements and to interpret their functions.

The near-complete, well-preserved skull of Metoposaurus (catalogue number UOPB
01029) used here is housed in the collections of the Laboratory of Paleobiology, University of
Opole (Poland); it is about 400 mm in length (Fig. 1). Cranial sutures were not visible on the
skull surface; they could only be observed after grinding off the external sculpture. The
disappearance of all traces of sutures on the skull surface during ontogeny is a phenomenon
often encountered in adult individuals. This reinforces the internal structure of the skull, but

also led to (near-) immobility between adjacent bones (Moazen et al. 2008).

10 cm

Fig. 1. Skull roof of Metoposaurus diagnosticus skull (UOPB 01029), in dorsal (A) and ventral (B)
views.
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In the present study, I have relied on observations done in histological thin sections, using
a standard petrographic microscope and scanning electron microscope (SEM). Measurements
were made using the computer program Axio Vision Rel.4.8. The cutting of the
Metoposaurus skull and the preparation of histological thin sections was conducted at the
Paleontological Laboratory of the Institute of Geology (Adam Mickiewicz University,
Poznan, Poland). The histological analysis was performed with the use of a microscope in
normal (plane polarised) and cross polarised light, and was supplemented by SEM
observations. Results of skull mechanics are compared with test results of Rafferty & Herring
(1999) and Markey & Marshall (2006, 2007b). Similar to these papers, it was assumed that
sutures with a high degree of interdigitations resist compression forces, whereas shallow
interdigitated sutures and butt-ended sutures are associated with tension. Sharpey’s fibre
arrangements acted in stress distribution in the skull of Metoposaurus; results obtained were
compared with Acanthostega in terms of prey capture method.

The following sutures are described in the present note: maxilla-nasal (MN), two samples
of maxilla-lacrimal (ML), maxilla-vomer (MV), maxilla-palatine (MPL), two samples of
palatine-vomer (PLV), prefrontal-lacrimal (PRFL), frontal-postfrontal (FPF), two samples of
jugal-postorbital (JPO) and two samples of interpostparietal (IPP). Bone cutting along the
course of these sutures was done perpendicular to the long axis of the skull. The location of
these slices is shown in schematic drawings of the skull of Metoposaurus (Fig. 2). In addition,
histological samples of cranial sutures from the external surface of the skull have also been
taken. These samples comprised the following: jugal-postorbital (JPO), parietal-
supratemporal (PST) and interpostparietal (IPP). Unfortunately, the serpentine shape of
sutures on the external surface of the skull called ,,sinuosity” (in contrast to cross sections
called ,,interdigitation’) and its trace do not allow to determine its function (Markey &
Marshall 2007a, b). The cross sectional shape of suture does not reflect its ectocranial trace,
and sutures with the same shape on the skull surface may actually demonstrate a different
morphology in cross section, adapted to resist different types of strains. This suggests that
suture morphology in cross section is a more reliable indicator of function, rather than

ectocranial traces (Markey & Marshall 2007a).
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Fig. 2. Schematic drawings of a skull of Metoposaurus diagnosticus, based on UOPB 01029. Red
lines indicate areas of cross section, while green lines relate to samples from the skull surface. The
grey color indicates bones and the claystone matrix is shown in yellow. Discontinuous red lines
indicate the hypothetical course of the missing bones.

Description of cranial sutures

Cranial sutures are deformable joints between adjacent bones in the skull, bridged by
collagen fibres (Jasinoski et al. 2010a). Their main purpose is to absorb or disperse strain
forces (compression or tension) which act inside the skull or directly on its surface. These
strains occurs most frequently during activities related with feeding — biting, mastication,
holding fighting prey in the jaw, and suction. Moreover, cranial sutures resist stress rise
during birth (mainly in mammals) and during expansion of skull and soft tissues. In some
species, cranial sutures play a role in absorbing impact forces such as head-butting in goats
(Jasinoski et al. 2010a).

Markey et al. (2006) distinguished three types of suture: interdigitated, overlapping (or
scarf) and butt-ended (or abutting) (Fig. 3). Interdigitated sutures occur mainly in areas that
experience compressive forces, while butt-ended sutures are associated with tensile strain

(Jasinoski et al. 2010a,b).
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overlapping

interdigitated abutting:
Compression Variable strains (tension Tension

or compression)

Fig. 3. Schematic drawing of three types of suture morphology (Markey et al. 2006).

However, complex interdigitated sutures (with deep interdigitating processes) function to
resist compression strains, whereas suture with shallow interdigitating processes handle
tensile strains (Rafferty & Herring 1999). The number and arrangement of collagen fibres also
plays a very important role in dissipation of stress (Fig. 4). In sutures with a compression-
resistant role (complex interdigitated), the collagen fibres are oriented obliquely in the
direction of the apex of the interdigitation. In shallowly interdigitated sutures, the fibres
radiate outwards at the apex of the interdigitation, and some fibres have an oblique
arrangement along the straight limbs of the sutural interdigitation (Jasinoski ef al. 2010a). In
tense butt-ended (abutting) sutures, the fibres spam the suture in a straight or crossed
arrangements. In overlapping sutures, where bone surfaces greatly overlap, the sutural contact
area is evenly stressed by compression or tension.

Kathe (1995, 1997) used a different subdivision, by describing three sutural types (Fig. 5):
(1) simple sutures with moderate obliquity - ,,Jamella”, ,,basal lamella”, ,,shelf” and ,,basal
shelf”, (2) simple sutures with extreme obliquity - ,,steep bevel” and ,,vertical wall”, and (3)

complex sutures - ,,groove” and ,,plug-contact” (Kathe 1997).

A B

Fig. 4. Schematic drawing of collagen fibre arrangements in compressed and tensed sutures. A: A
compressed suture with deep interdigitating processes and compression-resistant collagen fibre
arrangement. B: A tensed suture with shallowly interdigitating processes and tension-resistant
collagen fibre arrangement (Rafferty & Herring 1999).
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Fig. 5. Schematic illustration of different sutural types occur in the skull roof of Amphibia, cross-
section (Kathe 1995).

Morphological description of sutures studied

Maxilla-nasal suture (MN).

The histological thin section with the maxilla-nasal suture (m,n-1-1) was prepared from the
left part of the skull. The slice was made perpendicular, behind the lower edge of the nostrils
in the anterior portions of the maxilla and nasal. The maxilla-nasal suture was well preserved.
Its upper part was shallowly interdigitated, whereas its medial part became overlapping

(Fig. 6), where the nasal overlaps ventrally on the maxilla. An isolated, short patch of

Sharpey’s fibres was noted at the bone margins.

.

Fig. 6. Photograph and interpretative line-drawing of the maxilla-nasal suture (MN).
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Maxilla-lacrimal suture (ML).

Two samples of the maxilla-lacrimal suture were analysed histologically. Both thin sections
(m,l-1-1 and m,l-1-2) were prepared in a 2-cm distance from each other in the left part of the
skull. Both sutures are partially incomplete; this first (m,l-1-1) is characterised by complex
interdigitations (Fig. 7), whereas the second (m,l-1-2) reveals shallow interdigitations in its

upper part and becomes more complex in its medial area (Fig. 8). In both samples, distinct

Sharpey’s fibres were found along of the bone margins.

(m,1-1-1).

Fig. 8. Photograph and interpretative line-drawing of the maxilla-lacrimal suture (ML) — thin section

(m,1-1-2).

Maxilla-vomer suture (MV).
A histological thin section (m,v-p-1) was prepared from the right part of the present skull, the
cut being set transversely into maxilla and vomer, behind the lower edge of the anterior

palatal vacuity. Only the lower part of the maxilla-vomer suture is well preserved (Fig. 9).
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The morphology of this suture shows complex interdigitations with long interfingerings of

bone. On the bony edges, isolated clumps of Sharpey’s fibres can be observed (Fig. 10A, B).

Fig. 10A, B. Sharpey’s fibres in polarised light (lower part of maxilla-vomer suture).

Maxilla-palatine suture (MPL).

The sample with the maxilla-palatine suture (m,pl-p-1) was prepared from the right-hand side
of the skull, where the contact between the maxilla and palatine begins. The examined suture
is well preserved. In cross section, it is characterised by complex interdigitations (Fig. 11).

The mineralized Sharpey’s fibres can be observed in some parts along the bony edges.
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Fig. 11. Photograph and interpretative line-drawing of the maxilla-palatine suture (MPL).

Palatine-vomer suture (PLV).

Two samples of palatine-vomer sutures were analysed histologically. Both thin sections (pl,v-
p-1 and pl,v-p-2) were prepared in a 1-cm distance from each other in the right part of palate
(Figs 12, 13). The examined sutures are relatively well preserved. Sample (pl,v-p-2) is only
partially complete. The upper parts of both sutures are characterised by shallow
interdigitations; in deeper parts its morphology becomes more complex. Distinct Sharpey’s

fibres are present along the lateral edges in both palatine-vomer sutures (Fig. 14A, B).

Fig. 12. Photograph and interpretative line-drawing of the palatine-vomer suture (PLV) — thin section
(pl,V'p' 1 )

-. %
PO NG m
Fig. 13. Photograph and interpretative line-drawing of the palatine-vomer suture (PLV) — thin section

(pL,v-p-2).



Fig. 14. The palatine-vomer suture in polarised light. A: Thin section (pl,v-p-1) with distinct
Sharpey’s fibres on the bony edges. B: Sharpey’s fibres in upper part of sample (pl,v-p-2).

Prefrontal-lacrimal suture (PRFL).

The histological thin section (prf,l-p-1) was prepared from the posterior part of the prefrontal
and lacrimal, the cut being located above the edge of the orbit. The very well-preserved
prefrontal-lacrimal suture is characterised by shallow interdigitations (Fig. 15). In polarised

light, dense clumps of Sharpey’s fibres occur along the lateral edges of adjoining bones.

Fig. 15. Photograph and interpretative line-drawing of the prefrontal-lacrimal suture (PRFL).

Frontal-postfrontal suture (FPF).
The histological sample (f,pf-p-1) was prepared from the posterior part of the right frontal and
postfrontal. The well-preserved frontal-postfrontal suture is an overlapping one (Fig. 16), in

which the frontal overlaps ventrally onto the postfrontal. In addition, the latter has a ventral
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hook-like structure that limited reciprocal movement of the bones. Sharpey’s fibres occur on

this ventral hook.

Fig. 16. Photograph and interpretative line-drawing of the frontal-postfrontal suture (FPF).

Jugal-postorbital suture (JPO).

Two samples of jugal-postorbital sutures were analysed histologically. Both thin sections
(j,po-I-1 and j,po-1-2) were prepared in a 1-cm distance from each other in the left part of the
skull examined. In both samples, the jugal-postorbital sutures are characterised by complex
interdigitations (Figs 17, 18, 19C, 19D), with long interfingerings of bone (Fig. 19A). It is
interesting that the morphology of these sutures (and that of the maxilla-lacrimal and palatine-
vomer as well) changes along the length of the skull. Distinct Sharpey’s fibres of 10 um in
diameter (Fig. 19B) occur along the lateral edges of the jugal and postorbital, arranged under
an acute angle in the direction of the apex of the interdigitation. This feature is characteristic

of sutures with a compression-resistant role.

Fig. 17. Photograph and interpretative line-drawing of the jugal-postorbital suture (JPO) — thin section
(i,po-1-1).
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Fig. 18. Photograph (SEM) and line drawing of the jugal-postorbital suture (JPO) — thin section
(j,po-1-2).

15.0kV 13.9mm x25 BSECOMP 30Pa

Fig. 19. The jugal-postorbital suture (j,po-1-2); A. Complex interdigitation process; B. Distinct
Sharpey’s fibres in polarised light; C-D. photomicrographs (SEM).

Jugal-postorbital suture (JPO) (ectocranial trace).
The histological sample (j,po-1-3) was prepared from a rectangular piece of skull, including
the left jugal and postorbital. The ectocranial trace of the jugal-postorbital suture has

a sinuous shape (Fig. 20).
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Fig. 20. Photograph and interpretative line-drawing of the jugal-postorbital suture (JOP) — ectocranial
trace.

Parietal-supratemporal suture (PST) (ectocranial trace).

Only a small fragment of the parietal-supratemporal suture was analysed histologically. The
thin section (p,st-p-1) was prepared from the right part of the skull, with the cut located in the
middle of the parietal and supratemporal. The course of the suture on the skull surface is a
sinuous one (Fig. 21). Unfortunately, it was not possible to prepare a cross-sectional sample

of the parietal-supratemporal suture.

Fig. 21. Photograph and interpretative line-drawing of the parietal-supratemporal suture (PST) —
ectocranial trace.

49



Interpostparietal suture (IPP).

Two samples of interpostparietal suture were use in the histological analysis. Both thin
sections (ipp-1 and ipp-2) were prepared in a 1-cm distance from each other in the medial part
of these bones. In both samples, sutural morphology is characterised by shallow
interdigitations in its upper parts, becoming more complex in the medial area (Figs 22, 23).
Distinct Sharpey’s fibres of 10 um in diameter occur along the lateral edges of the bones (Fig.
24A, B), arranged under an acute angle in the direction of the apex of the interdigitation. This

suggests that the interpostparietal suture played a compression-resistant role.

Fig. 22. Photograph and interpretative line-drawing of the interpostparietal suture (IPP) — thin section
(ipp-1).
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(ipp-2).

Fig. 24A, B. Distinct Sharpey’s fibres in polarised light along the edges of the bone.

Interpostparietal suture (IPP) (ectocranial trace).

Only a small fragment of the interpostparietal suture was subjected to a histological analysis.
The thin section (ipp-3) was prepared from the area where the contact between both
postparietals is situated. The interpostparietal suture on the external surface of the skull has

a strongly sinuous shape (Fig. 25).
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Fig. 25. Photograph and interpretative line-drawing of the interpostparietal suture (IPP) — ectocranial
trace.

Discussion

Most of the sutures examined are characterised by complex interdigitation, and thus
served a compressive-resistant purpose. Sharpey’s fibre arrangements on the bony edges also
provide evidence of this. Complexly interdigitated sutures were observed in both the anterior
(maxilla-vomer suture) and posterior (interpostparietal suture) part of the skull studied. In one
case, a shallowly interdigitated suture (prefrontal-lacrimal suture) occurred; this probably
served a tension-resistant purpose. The maxilla-nasal suture and frontal-postfrontal sutures are
defined as overlapping sutures, where the surfaces of the adjacent bones greatly overlap. This
type of suture is adapted to loading resistant of variable strains (compression and tension).

A schematic representation of hypothetical stress distribution along the sutures studied is
shown in Fig. 26. The presence of sutures in the anterior part of the skull of Metoposaurus
that counteract a variety of strains; these provide the basis for a preliminary conclusion on the
mode of feeding of Metoposaurus. Sutures associated with tension are characteristic of
suction feeding, whereas sutures linked to compression occur in predators that specialise in
biting their prey items. The presence of overlapping sutures in the anterior part of the present
skull may suggest that Metoposaurus could catch prey by suction and subsequent biting. The
frontal-postfrontal suture (overlapping suture) could notably play a tension-resistant role.
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Markey & Marshall (2007a) showed that the posterior part of the skulls of Acanthostega and
Phonerpeton (i.e., interparietal and interpostparietal sutures) counteracted compression forces.
These sutures were described as complex interdigitation. The same relationship has been
observed in the skull of Metoposaurus studied.

Previous studies by Rafferty & Herring (1999) have shown that the morphology of cranial
sutures and collagen fibre arrangements are dependent of loading types of strains (Jasinoski et
al. 2010a). Examples are butt-ended (abutting) sutures. Their morphology may be indicative
of their ability to counteract compression forces. However, collagen fibre in a cross-like
arrangement suggest a tension-resistant role (Jasinoski et al. 2010a). Unfortunately, in fossil
vertebrates soft tissues are not usually preserved. The occurrence of Sharpey’s fibres along
the periphery of sutural bones may be used to deduce the orientation of such fibres in life
(Jasionoski et al. 2010b). In all sutures of the present skull of Metoposaurus, Sharpey’s fibres
occurs along the edges of the bones. Only in jugal-postorbital and interpostparietal sutures has
it proved possible to reconstruct the arrangement of Sharpey’s fibres. In both samples, these
fibres occur in dense clumps, in an oblique arrangement at the apex of the interdigitation. In
living Metoposaurus, the collagen fibres were probably arrangements in the same manner,

i.e., playing a compression-resistant role.

=) ¢== Compression
4= =) Tension
<=><=> Variable strains

Fig. 26. Schematic illustration of the skull of Metoposaurus diagnosticus (UOPB 01029) with hypothetical demonstration of

stress distribution.
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Markey & Marshall (2007a) discussed the mode of feeding in the early Devonian tetrapod
Acanthostega. Despite the fact that Acanthostega and the evolutionarily more advanced
Metoposaurus are widely separated in geological time, their anatomy (i.e., small, weak limbs)
and aquatic habit were identical. A greater number of sutures examined in Acanthostega have
been described as interdigitated with a compression-resistant role. In addition, these sutures
occur in the posterior (interpostparietal suture) and anterior parts of the skull (Markey &
Marshall 2007a). This is interesting, because aquatic animals usually capture their prey by
suction, which means that tension-resistant (butt-ended) sutures should be located in the
anterior part of the skull. However, the anterior part of the skull of Acanthostega revealed the
presence of an interfrontal suture (overlapping suture) that could counteract variable strains
forces. These studies suggest that Acanthostega captured its prey mainly by biting rather than
by suction, meaning that it was adapted to a terrestrial style of feeding (Markey & Marshall
2007a). In the skull of Metoposaurus interdigiteted sutures predominate; as in Acanthostega
these occur both in the posterior and anterior parts of the skull. In addition, in anterior
portions of the skull of Metoposaurus, overlapping sutures occur that counteract variable
strains forces. In the skull examined, tension-resistant sutures (butt-ended), characteristic of
aquatic animals, could not be found. Based on this observation, a preliminary conclusion on
the style of feeding in Metoposaurus diagnosicus can be drawn. Previously it has been
assumed that metoposaurids were ambush predators, lying in wait for their prey at the bottom
of bodies of water. Their broad snout was not adapted to rapid capture of prey items in the
water column (Dzik ef al. 2000); the presence of overlapping sutures (resistant to variable
strains) in the anterior part of the skull of Metoposaurus confirms this hypothesis. However,
the predominance of interdigitated sutures along the entire skull might indicate that
Metoposaurus, like Acanthostega, was adapted to prey capture by biting. It is possible that
Metoposaurus could catch prey in ambush or even lurked in shallow waters and preyed on

terrestrial animals approaching the water’s edge.

Conclusions

In the present paper, the morphology of selected cranial sutures in an adult skull of
Metoposaurus are described, and a hypothesis on their function is put forward. Most of the
sutures studied are defined as complex interidgitations that served a compression-resistant
purpose. This suture type occurs along the whole length and breadth of the skull, e.g. maxilla-

lacrimal, maxilla-vomer, maxilla-palatine, palatine-vomer, jugal-postorbital and
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interpostparietal. In addition, Sharpey’s fibres occur and their arrangement along the edges of
the bones seem to confirm their compression-resistant role. Moreover, in the skull examined
also a shallowly interdigitated suture (prefrontal-lacrimal) was observed, which resisted
tensile strains, and two samples of overlapping sutures (maxilla-nasal and frontal-postfrontal),
which counter variable strains forces. Based on data presented by Markey & Marshall
(2007a), who focused on the feeding mode of the early amphibian Acanthostega, it can be
assumed that Metoposaurus specialised in a terrestrial style of feeding by biting prey items,
even though it was completely adapted to an aquatic life habit. The presence of overlapping
sutures in the anterior part of the skull does not rule out previous assumptions about the
capture of prey by suction. In order to substantiate this hypothesis, it would be advisable to
carry out detailed analyses and statistical modelling of the sutures examined here and to
supplement these data by the outcome of additional histological analyses of other sutures.
This would provide an opportunity for a full reconstruction of the mode of feeding in

metoposaurids.
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Abstract

Twenty fragments of aetosaur skulls from Krasiejow have been studied in detail. Previously,
such remains have been referred to either as the type species of the genus Stagonolepis, S.
robertsoni (based on postcranial skeletal elements) or to a new species, S. olenkae, on the
basis of cranial material. The main purpose of the present note is to provide an osteological
description of these aetosaur skull fragments and to compare them both with skull material
described by Tomasz Sulej in 2010 as S. olenkae and with specimens of S. robertsoni. In
addition, selected anatomical features are interpreted in terms of palaeoecology, taxonomy
and evolution. The most instructive bones in this respect are the dentaries with tooh rows and
teeth, the premaxilla with a tooth row and an expanded anterior portion, typical of aetosaurs,
the braincase and the frontal and prefrontal with a distinctly ornamented dorsal surface.
Starting from Sulej’s observation in 2010 that at Krasiejow a new aetosaur species occurred,
the discussion on the number of aetosaur species represented at that locality, and their
intraspecific range of variation, may be resumed. Features of these fossils also permit the
assessment of some palaeobiological aspects and, based on comparisons with other taxa such
as Neoaetosauroides engaeus, Desmatosuchus haplocerus and Longosuchus meadei, some

conclusions on aetosaur evolution can be drawn.

Abstrakt

Przedmiotem badan byto 20 fragmentoéw czaszek aetozaura pochodzacego ze stanowiska
dokumentacyjnego “Trias” w Krasiejowie. Aetozaur z Krasiejowa na podstawie szkieletu
pozaczaszkowego zostat zakwalifikowany do gatunku typowego dla rodzaju Stagonolepis

robertsoni, natomiast na podstawie analizy kos$ci czaszki wyrdzniono nowy gatunek
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Stagonolepis olenkae. Gtownym celem obecnej pracy jest dokladny opis osteologiczny
fragmentow czaszki aetozaura oraz porownanie tych fragmentdw z S. olenkae 1 S. robertsoni.
Celem posrednim jest interpretacja wybranych cech anatomicznych pod katem ekologii,
taksonomi 1 ewolucji grupy. WSsrdd analizowanego materiatu najwigcej informacji
dostarczaja: kos¢ zgbowa z szeregiem zebowym oraz zachowane zeby, kos¢ przedszczekowa
z szeregiem zebowym oraz charakterystycznie wydluzong czes$cig przednig, kosci
mozgoczaszki, kosci czolowa 1 przedczotowa. Analiza pordéwnawcza badanego materiatu z S.
olenkae 1 S. robertsoni moze przy zaobserwowaniu istotnych roznic da¢ poczatek dyskusji o
zakresie wewnatrzgatunkowej zmiennos$ci cech lub ilosci gatunkow aetozaura wystgpujacych
w Krasiejowie. Na podstawie cech morfologicznych ko$ci mozna réwniez wnioskowac o
paleobiologii gatunku, a poréwnanie z innymi gatunkami takimi jak Neoaetosauroides

engaeus, Desmatosuchus haplocerus, Longosuchus meadei rozszerzy wiedz¢ o ewolucji

grupy.

Introduction

Amongst other large-sized terrestrial vertebrates of Late Triassic age, the aetosaur genus
Stagonolepis Agassiz, 1844 has been discovered at Krasiejow (southeast Poland) in recent years
(Dzik, 2003). Together with skeletal remains of Metoposaurus diagnosticus krasiejowiensis Sulej,
2002, actosaur remains rank amongst the most abundant vertebrate fossils there. Bone material of
recently collected aetosaurs from the ‘Trias’ site at Krasiejow comprise skull fragments and
portions of post-cranial skeletons, including articulated elements, e.g. a foot (Bodzioch A., pers.
comm., September 2011). Most numerous are osteoderms which covered the animals’ bodies.

The present paper discusses some aspects of aetosaur palacoecology, notably its feeding
habits. Conclusions are based on an osteological description of jaw bones, as well as on a dental
analysis and on literature data on other features of the Aetosauria. Such palacoecological issues
are amongst the objectives of my master’s thesis; the bone material analysed here forms a small
portion of that work. Other particulars, e.g. an osteological analysis of other, non-tooth-bearing
skull bones and skeletal features indicative of taxonomic affiliation, will be reported upon at a

later date.

The Aetosauria

Aetosaurs were quadrupedal, armoured reptiles, typical of Late Triassic faunas, that looked more
or less similar to Cretaceous ankylosaurid dinosaurs. Dependent of the species, aetosaurs reached

overall body lengths of ¢. 1 meter (e.g., Coahomasuchus kahleorum (Heckert & Lucas, 1999) to
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over 4 meters, e.g., Desmatosuchus haplocerus (Small, 2002). Their remains have been recorded
from across the world, i.e., from North and South America, Africa, Asia and Europe (Lucas &
Heckert, 1996). The name of the group (Greek for ‘eagle lizards’) reflects the fact that actosaur
skulls are lightweight and have a number of holes, similar to bird skulls.

In the literature the names Aetosauria and Stagonolepididae are often used interchangeably.
However, new cladistic analyses have shown that the genera Aetosauroides, Coachomasuchus and

Neoaetosauroides may actually lie outside the family Stagonolepididae (Desojo et al. 2012).

Referred cranial material

The general morphology of actosaur skulls corresponds to that of other archosaurs, the main
feature distinguishing it from other Triassic reptile skulls being its upturned and laterally
expanded premaxilla. In addition, this bone has either few teeth or is entirely edentulate .

Four aetosaur skull bones from the ‘Trias’ site at Krasiejow form the subject of the present
note; all of these originate from the lower (lacustrine) bone-bearing horizon. Aetosaur fossils from
Krasiejow have previously been referred to as Stagonolepis robertsoni by Lucas et al. (2007), on
the basis of post-cranial bones, and as a new species, Stagonolepis olenkae, by Sulej (2010), on
the basis of cranial material.

Although most bones are incomplete, the material is well preserved, revealing numerous
details such as grooves, ridges and ornament. Due to the fragmentary nature of the material
referred here, some structures cannot be assessed being unpreserved or invisible. All skull bones
analysed here are disarticulated (Fig. 1); they include three dentaries (os dentalis), a premaxilla
(os premaxillare) and a single dentary tooth. No maxilla (os maxillare) is present in this referred
material. These bones belong to at last two individuals (i.e., two right dentaries); mandibles were
collected during exploratory excavations in quadrants 59/32, 63/28 and 59/31 in the summer of

2010.

Methods of preparation

To isolate fossils from the matrix, manual preparatory techniques were used, employing mainly a
set of sharp-edged chisels of various shapes to remove larger chunks of less consolidated rock and
to scrape away more strongly indurated matrix in close proximity to the bones. Tooth and paint
brushes were used to clean bone material during preparation. Some bones were already partially
prepared during the summer digging camps at Krasiejow.

No chemicals, except for cyanoacrylate glues (Chemistik system; also used during
excavatory work at Krasiejow), such as ’Cyjanopan ME’ and ‘Cyjanopan ZTB’, were used for

gluing together bone fragments of bones.
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Osteological description

Premaxilla

In the referred material, the right premaxilla is represented (Fig. 1). Being situated at the frontal
part of the skull, the premaxilla composes the distinctive snout that is such a typical feature of the
Aetosauria. The anterior tip of this bone is upturned and laterally expanded into a triangular
structure the shape of which is often compare to a shovel (Walker 1961; Desojo & Baez 2007;
Sulej, 2010). It is assumed that the upturned premaxilla and the lateral expansion was used to root
in soils (Heckert & Lucas, 2000). The ventral surface of this structure is striated; the dorsal
surface is similarly striated and has a shallow depression. At this point, the premaxilla was
probably overlapped by the nasal (os nasale). Just behind the extension, near the central (inner)
edge of the premaxilla, there is a conical projection which is directed upwards and towards the
inside of the skull. On the dorsal surface of the bone, over the alveoli, there is a small
protuberance. Although it is not preserved in its entirety (or has suffered damage during
preparation), the present fragment allows to document its former position over the second tooth.
The anterior upturned part of the bone lacks teeth; this portion is relatively long in material from
Krasiejow, as already noted by Sulej (2010).

Premaxillae of Stagonolepis from Krasiejow have five teeth, contrary to e.g.
Desmatosuchus haplocerus which has an entirely edentulate premaxilla (Small, 2002). Alveoli
slightly decrease in size towards the front of the skull. At the position of the fourth tooth, the
premaxilla is subdivided into two branches. The lower, inner branch (palatal branch) contacts the
central part of the maxilla and the lower surface of the vomer, but is not fused to these (Walker,
1961). The upper, outer branch contacts the lateral surface of the maxilla. The premaxilla slopes
strongly inwards and is separated from the other premaxilla posterior to the first premaxillary
tooth. They either do not contact again (Sulej, 2010) or meet posterior to the last premaxillary
tooth (Walker, 1961). The narrow vacuity between the premaxillae is called the foramen
incisivium (Small, 2002); it is similar to the one described in crocodiles (Iordansky, 1993) and in
some plesiosaurs (Chatterjee & Small, 1989). The premaxilla in the present material is isolated,

showing no contact with nasal, maxilla, vomer or the other premaxilla.

Dentaries

The aetosaur mandible from the ‘Trias’ site at Krasiejow has the slipper-like shape that is so
typical of this group (Small 2002; Desojo & Béaez 2007). It terminates in a toothless beak, which
during life was probably covered by a horny sheath. All three dentaries (two right: MA15 and MA
18; one left: MA 16) present in the referred material have similar features (Fig. 1) and overall

lengths (Table 1); all three have nine teeth. The posterior portions of these bones are incomplete,
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ending at the height of the last alveolus. The connections with the angular (os angulare) and
surangular (os surangulare) are missing. Specimen MA 18 lacks the anterior tip of the edentulate
part of the bone, with approximately 2.5 cm missing(*), although all alveoli are present. These
dentaries are dorsally concave and slope strongly inwards, as in all other aetosaurs. Posteriorly,
the dentary is divided into two branches. One of them extends over the mandibular fenestra, the

other under it; however, in the present material these are not preserved.

Table 1. Dentary length, from anterior tip to position of ninth alveolus
Preliminary registration Length
number
MA16 130 mm
MA18 142 mm (estimated*)
MAI15 147 mm

The dorsal surface of the toothless part of the bone is slightly concave and ends in a small
transverse ridge which bounds the first alveolus. In the median part of the dorsal surface of the
edentulous part there is a shallow groove, where premaxillary teeth probably fitted in. The
toothless tip is triangular in section; this can be seen in specimen MA18 in which the tip is
missing. In the anterior part, the dentary becomes narrower and rises slightly to form a sharp rim,
similar to the beak. The lateral and medial surface are covered by many small foramina. On the
lateral surface, in front of the first tooth, just under the dorsal edge of the bone, three foramina are
situated; together, they form a shallow groove. These are the foramina of the mandibular branch
(V3) of the trigeminal nerve (nervus trigeminus) (Desojo & Baez, 2007). The fibres of this nerve
are sensory-motor ones (Kardong, 1998). Anterior to these foramina a deep groove can be seen;
this extends from the pointed end of the bone and ends in the centre of the distance to the first
tooth.

Among the numerous foramina on the lateral surface of the dentary, two stand apart. The
first is below the sixth tooth (e.g., in specimens MA16 and MA18) and constitutes a relatively
large elliptical recess. More anteriorly (under the fifth tooth), another, smaller foramen is visible.
Slightly different is specimen MA1S. In this the larger foramen is more elongate, and extends
below the sixth and seventh teeth. The other, smaller foramen is situated slightly more anteriorly
than in the other specimens, i.e., below the fourth tooth. Below the second and third tooth, the
edge of the beak is seen; anterior to this, the bone surface is rough, but posterior to it, it becomes
smoother. The rugose nature, both on the lateral and medial surfaces in specimen MA135, is much
less distinct than in specimens MA16 and MA18. On the dorsal surface of the bones there is a

groove along the tooth row; it is clearly visible, especially in specimens MA15 and MA16.
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According to Sulej (2010), the position of the anterior tooth relative to the end of the
dentary symphysis varies. The symphysis can terminate far anterior to the first tooth or,
alternatively, the distance between the symphysis and the first tooth can be much smaller. In
specimens MA16 and MA18, the dentary symphysis is located about 10 mm from the first tooth,
while in MA15 this distance is much smaller. The differences in the structure of particular
dentaries and features indicative of taxonomic affiliation in the present material will be illustrated

in detail in my MSc thesis.

Fig. 1. Aetosaur jaw bones from Krasiejow; A-C. Premaxilla; D-I. Dentaries (E, F. Left dentary,
MA16; D, 1. Right dentary, MA15; G, H. Right dentary, MA18). A, D, E and H represent lateral
views; B, F, G and I represent medial views and C is a ventral view.
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Dentition

Most pseudosuchian archosaurs were carnivores, with conical or serrated teeth ideal for piercing
the flesh of their prey. However, aetosaurs are an exception, in that their teeth — with typical

thecodont implantation (Small, 1985) — show adaptations to a herbivorous diet.

Tooth count
In the referred material there are two kinds of tooth-bearing bones, i.e. the premaxilla and the

dentaries (Fig. 1). The premaxilla of Stagonolepis has four to five (as in the present material)
teeth, which slightly decrease in size anteriorly. Premaxillar alveoli (and thus teeth) are smaller
than those of the dentaries. The dentaries described here have nine alveoli, all of nearly the same
size; only the first alveolus is smaller than the others.

The maxilla bears eleven or twelve teeth (Walker 1961; Sulej 2010). According to Walker
(1961), Stagonolepis and Desmatosuchus might have had a different tooth count on the left and

right in the same individual.

Alveoli

All aetosaur teeth are of the same shape. Each has long, cylindrical basal portion, which is deeply
embedded in the tooth socket (Walker, 1961). This can be seen in specimen MA18, in which the
fourth tooth is preserved in sifu and a section of the first alveolus is visible. This alveolus is 12
mm in depth, while the part of the fourth tooth above the socket is 10 mm in height. Other alveoli
are of similar depth; in view of the fact that the bone was broken (probably during extraction from
the quarry), the depth of the third alveolus could be measured (13 mm). Although deep, the

alveoli are separated from each other by thin ridges, of about 1 mm in width.

Tooth morphology
Tooth shape in tetrapods is closely related to diet. The tooth preserved in the present material (in
specimen MA18) has a typically aetosaur habitus, with a long root and a constricted base of the
bulbous crown. The tooth crown is slightly laterally compressed and striated towards the tip. The
original leaf-shaped habitus is not preserved; only the general bulbous shape is retained. Its upper
part is rounded, but in view of the faint slope of the tooth and the striation, it might have been
slightly recurved, which is common in Aetosauria (Walker 1961; Murry & Long 1996; Small
2002). Another typical feature of aetosaur dentition is the finely denticulate anterior edge
(Walker, 1961); in the present material this feature is visible only in a small fragment of the edge.
In a paper on the diet of the dinosaur Troodon, Holtz et al. (1998) demonstrated that tooth
width and coarseness of the serration were correlated; the distance encompassing five consecutive

serrations/denticles measured along the central portion of the carina (tooth width and coarness of
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the serration (the distance encompassing five consecutive serrations/denticles measured along the
central portion of the carina) were correlated?. The study by Holtz et al. (1998) shows that teeth
of herbivorous animals have larger denticles than comparably sized teeth of carnivorous species.
Such serrated edges are better suited for piercing and cutting plant material (Barrett, 2002).
Animals that prefer meat (i.e., all theropod dinosaurs, except for Troodontidae and
Therizinosauroidea) have smaller-sized denticles.

Teeth of Stagonolepis display features typical of both plant and meat eaters. The bulbous
shape and the constriction at the base of the crown are representative of herbivores, as in many
ornithischian dinosaurs (Galton 1985; Holtz et al. 1998). The recurvature and small denticles,
visible also in material described by Sulej (2010), are characteristic features of carnivorous
animals. However, they are not the typical teeth of a terrestial predator (i.e., with a strong
recurvature and slight coarseness of serrations), used for cutting meat. This kind of teeth is found
in Komodo dragons (Varanus; see Barrett 2002), but not in Stagonolepis. In addition, aetosaurs
have denticles on both the anterior and posterior edges (Small, 2002) or only on the anterior ones
(Walker, 1961), which is a character more often found in herbivorous animals. Carnivores have
denticles on the posterior tooth edges.

The strongest posterior curvature in teeth is seen in a taxon described from Howard County,

Texas; its sharp, recurved teeth are indicative of a carnivorous diet (Murry & Long, 1996).

Wear facets

Grooves (which are deeper than striae) are visible on the external tooth surface; such structures
may constitute signs of wear, i.e., the result of rubbing against a tooth in the opposing upper jaw.
This arrangement proves that maxillary teeth were situated directly above the corresponding
dentary counterparts; otherwise, wear facets would be found at the front or near the back of the

tooth, as seen in e.g. prosauropods (Galton, 1985).

Teeth replacement

Small projections occur near the teeth, on the central part of the dorsal surface of the dentaries.
They are separated from the edge of the bone by a distinct groove which runs along the tooth row.
They are best seen in specimen MA18. These structures in a way resemble replacement teeth, but
they probably functioned as support for the tooth bases, which have a deeper exposure on the
medial side (Walker, 1961). It is thought that in aetosaurs tooth replacement was rapid, rather than

infrequent, similar to e.g. edaphosaurs (Romer & Price 1940).
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Palaeoecology

The general view is that aetosaurs were predominantly herbivorous (Walker 1961; Parrish 1994)
and used their specialised snouts and forelimbs for digging in soil, in search of roots and bulbs.
Dzik (2003), in early studies devoted to material from Krasiejow, wrote about actosaurs feeding
on leaves and rhizoids, by suggesting that the abundance of Stagonolepis remains was coupled to
its herbivorous diet, reflecting the fact that the biological production of herbivores was ten times
larger than that of predators. However, a great abundance of terrestrial reptiles in lacustrine
deposits can also be explained by redeposition during a catastrophic event. Bodzioch & Kowal-
Linka (2012) proposed floods, on the basis of the sedimentary infill of fossils and geochemical
evidence of early diagenesis at different times and in different microenvironments.

A new dental analysis suggests that actosaurs were well adapted to feed on different kinds
of food. As shown above, a compilation of features typical of herbivores and carnivores enables
the conclusion that the aetosaur diet was diverse. Small (2002) noted a similarity of conical teeth
of Desmatosuchus to those of extant armadillos (family Dasypodidae). The armadillo diet is
varied, but comprises mostly insects. On the basis of this comparison, Small suggested that
aetosaurs were either insectivores or omnivours. Both groups (except for the teeth) have
developed other parallel features which suggest that they led similar lifestyles and had similar

feeding habits.

A well-developed sense of smell

On the basis of an endocast, Sulej (2010) demonstrated that the sense of smell was essential to
Stagonolepis. The animal had large olfactory tracts and bulbs and extremely large nares situated
in front of the skull. Modern omnivorous animals, such as badgers, opossums, wild boar or
armadillos (Nicolle, 1999a-d) also rely on smell when searching for food. Therefore, the aetosaur

snout could well have been used for digging out insects, rather than plant roots.

Shovel-shape snout

Aetosaurs and dasypodids both have elongated snouts, and the structure of the anterior skull
enables them to dig deep into the ground in search of food. Adaptations for this kind of feeding
which are present in the present material from Krasiejow (Fig. 1) are: shovel-shaped premaxillae,
dentaries and premaxillae which taper anteriorly, an edentulate anterior portion of the dentaries
and premaxillae (teeth positioned deeply in the mouth), homodontism (neither in aetosaurs, nor in
armadillos can incisors, canines and molars be differentiated), and a low tooth count (armadillos

have eight teeth in half of the jaw, referred Stagonolepis material has nine teeth) (Small, 2002).
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Limbs

Both aetosaurs and dasypodids have strong, squat limbs with hypertrophied processes for muscle
attachment and fingers ending in claws (Desojo et al. 2012). These features are adaptations for
digging (Hildebrand, 1995). Armadillos use this digging skill not only in search of food, but also
to construct burrows in which they are protected from frost, heat and predators (Nicolle, 1999a)
Big claws are also present in the material from Krasiejow (Opole University collections)

(Bodzioch A., pers. comm., wrzesien 2011).

Armour

Although armour is not directly related to feeding habits, it is worth noting that actosaurs adopted
the same defence strategy as modern-day armadillos. The dasypodid armour differs in details from
that of aetosaurs, but in both groups it consists of osteoderms, i.e. bony plates covered by a horny
epidermal layer. At no point does the skeleton connect with the armour, since osteoderms are
located in the dermal layers. Armour covered the actosaur back, belly and tail. Dasypodids have
an additional plate at the top of the head. Armadillo osteoderms are fused into two large plates,
i.e., the posterior plate, which protects the pelvic section, and the anterior plate, which protects the
shoulders, with and eight or nine transverse bands between these. These bands are separated by
soft skin. This structure allows all armadillos, with the exception of the long-nosed armadillo
(Dasypus novemcinctus) to roll themselves into a ball (Nicolle, 1999a).

In view of their overall body size, actosaurs were unable to use similar tactics. Their armour
consisted of a series of multiple, small, rectangular plates, variable morphologically depending of
the location along the body. Stagonolepis from Krasiejow probably used its armour plates as a
means of defence against the co-occurring rauisuchid Polonosuchus silesiacus (see Dzik & Sulej
2007; Brusatte et al. 2009). However, it appears that Polonosuchus was highly adapted to hunt on
Stagonolepis in that it had a strengthened and laterally elastic skull which allowed its teeth to slide
from hard armour plates and pierce into the flesh between them. If its teeth were placed into a

rigid skull, they would break off (Dzik 2003).

Conclusions

The structure of the aetosaur tooth-bearing bones, its dentition and the similarities to extant
armadillos, in addition to other features such as a well-developed sense of smell, permit the
assumption that the diet of Stagonolepis was diversified, as in armadillos. The diet of these
animals depends of species and environment inhabited, ranging from jungle to savannah and
semi-desert. The main component is formed of beetles and earthworms. Armadillos often prey on
ants and their nymphs, grubs, termites, locusts and fly larvae. In addition to insects, dasypodids

feed on arachnids and gastropods (Kalmbach 1943; Nicolle 1999a). During winter, when there are
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no insects, armadillos attack lizards, snakes, salamanders, frogs and toads that are numbed from
the cold. They can also supplement their diet with plant material such as fruits of Magnoliaceae
and citrus trees, berries and conifer seeds, or mushrooms. Some armadillos are able to feed on
worms that scavenge on carcasses (Kalmbach 1943; Nicolle 1999a).

In view of the fact that fossil material is incompletely preserved, which holds true especially
for terrestrial animals, precludes any firm determination of the diet of Stagonolepis. However,
during the Triassic, the Krasiejow area witnessed a wide array of small animals and plants, on
which the allegedly omnivorous aetosaurs could feed. In the lacustrine deposits at Krasiejow
remains of conifers were found (Stagonolepis might have eaten their seeds) and horsetails (genus
Equisetites) which aetosaurs might well have dug from the ground using their extended snouts
(Dzik 2003; Zdebska 2001). Numerous insects occurred during the Triassic Period, but because of
their delicate structure little is known of insects at Krasiejow. Around the lake it is more than
likely that beetles similar to modern-day Cupedidae lived; their wing covers with complex
ornament are rare finds in these sediments (Dzik 2003; Dzik & Sulej 2004). The woods around
the lake were inhabited by small reptiles and amphibians; frogs similar to Czatkobatrachus (Evans
& Borsuk-Biatynicka, 1998), discovered near Krakow, were probably amongst them. Omnivorous
animals could also diversify their diets with eggs of small vertebrates, including maybe even those

of ancestral mammals.
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Abstract

Abundant remains of reptiles and ganoid fish have been found in the uppermost Rot (Lower
Triassic, Olenekian, ~247 Ma) in the vicinity of Gogolin (Opole Silesia, southern Poland).
These remains occur in two previously undocumented bonebeds. The lower of them is up to 5
cm thick (micritic limestone with bioclastic laminae) and contains larger bones, such as long
and flat bones of up to 3 cm. The upper bonebed is 1-2 cm thick (more marly micritic
limestone with bioclastic laminae) and in it vertebrae, plus smaller long and flat bones prevail.
Initial analyses point to mass occurrences of Dactylosaurus skeletal remains (Reptilia,
Sauropterygia, Eosauropterygia, Pachypleurosauria, Pachypleurosauridae). Dactylosaurus
was an approximately 30 cm-long animal that was secondarily adapted to shallow-marine
environments. To date, Dactylosaurus remains are known only from a few Rét sites. Gogolin
is the third or possibly even the second Rt outcrop within the Germanic Basin, and also the
richest one, in which the remains of Dactylosaurus have been found. Palaeohistological
analysis of the material found will enable future verification of the position of Dactylosaurus

in a phylogenetic tree.

Abstrakt

Bardzo liczne szczatki gadow i ryb ganoidowych zostaty znalezione w najwyzszej czesci retu
(dolny trias, olenek, ~247 min lat) w okolicy Gogolina (Slask Opolski, Polska). Szczatki
wystepuja w dwoch nieudokumentowych wezesniej warstwach kosciono$nych. Dolna
warstwa o grubosci do 5 cm (wapien pelitowy z detrytycznymi laminami) zawiera wigksze
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kosci, m.in. kosci dtugie 1 ptaskie o wielkosci do 3 cm. W gornej warstwie kosciono$nej
(marglisty wapien pelitowy z detrytycznymi laminami) o grubosci 1-2 cm, przewazaja kregi 1
kosci o mniejszych wymiarach. Wstepne analizy wskazuja na masowe wystepowanie
szczatkow gadow z rodzaju Dactylosaurus (Reptilia, Sauropterygia, Eosauropterygia,
Pachypleurosauria, Pachypleurosauridae). Dactylosaurus byl gadem o dlugos$ci okoto 30 cm,
wtornie przystosowanym do zycia w srodowisku morskim. Stanowisko w Gogolinie jest
trzecim lub nawet drugim odstonigciem retu w obrebie basenu germanskiego, w ktorym

zostaly znalezione szczatki Dactylosaurus i najbardziej w nie zasobnym.

Introduction

Remains of fish, amphibians and reptiles (as more or less articulated skeletons, bones, teeth
and scales) have been documented from Opole Silesia (southern Poland) since the nineteenth
century (see von Meyer 1847-1855; Eck 1865; Roemer 1870), being chiefly found in
Muschelkalk deposits (Middle Triassic; late Olenekian-Ladinian), as well as in the Rot
(Lower Triassic, uppermost Buntsandstein; Olenekian; chronostratigraphy after Nawrocki &

Szulc 2000).

Assmann (1933, p. 754) noted the occurrence of remains of several fish taxa, such as
Hybodus, Strophodus, Ceratodus, Saurichthys, Gyrolepis and Nephrotus (mostly small scales
and teeth, rarely imprints of their bodies), bones and teeth of small ‘nothosaurid’ reptiles, and
possibly also a bone of the reptile Cymatosaurus, in the uppermost Rot. Assmann noted that
such remains were collected “quite often”, although he did not describe any bonebed. More
diversified vertebrate assemblages are known from younger Muschelkalk limestones (von

Meyer 1847-1855; Giirich 1884; Kunisch 1888; Schmidt 1928, 1938; Assmann 1944).

Gogolin, Zakrzéw and Krapkowice were the most important localities that yielded
such vertebrates. In the nineteenth and early twentieth centuries, large quarries (up to 40 ha in
total) were active at these places. The Muschelkalk limestone was exploited to produce lime,
which also led to the exposure of the uppermost R6t marly limestones (chiefly dedolomites).

Since the 1940s, Rt vertebrates have not been collected from these sites.

In 2012, the upper and lower bonebeds discussed here were discovered by one of us
(MK-L) in one of the disused quarries in southeastern Gogolin (Fig. 1). The bonebeds must
have been exposed by chance during the last few years. The bonebeds, together with the

intercalating deposits, form the 40-50 cm thick uppermost portion of the Rot sequence (Fig.
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2). The boundary between the Rt and the Lower Muschelkalk (Gogolin Formation; Kowal-
Linka 2008, 2009) is not exposed here.

Cretaceous

Jurassic

BIERT

Keuper

Muschelkalk -Palaeozoic

Buntsandstein - Proterozoic-
Palaeozoic

study area — faults

X

Fig. 1. Geological map of the study area (simplified fragment of a map after Dadlez et al. 2000).

Petrology and depositional environment of the uppermost Rot at Gogolin

The uppermost Rét in the vicinity of Gogolin is composed of micritic limestones, marly
micritic limestones (also dedolomites) and bioclastic limestones, intercalated with marl
laminae. The micritic limestones and marly micritic limestones are commonly beige, dark
yellow and orange in colour. The dedolomites are orange to red in colour and they often show
a porous texture, as well as pseudomorphs after evaporates, remnants of microbial mats, tepee
structures and other phenomena. Ostracod shells and bivalve and gastropod shells are the
main constituents of the bioclastic limestones, along abundant pellets (commonly coprolites).
The limestones are thin- to medium-bedded and usually show horizontal bedding (Bodzioch

& Szulc 1991; Bodzioch & Kwiatkowski 1992; Szulc 2000).

These various types of limestones and their intercalations were deposited mainly in
shallow-marine environment, as well as in supralittoral ponds characterised by increased
salinity. The seawater periodically affected these ponds, leading to erosion of superficial

sediments and the deposition of allochthonous grains (Bodzioch & Kwiatkowski 1992).
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Fig. 2. Schematic lithostratigraphic log of the uppermost part of the R6t and the lowermost part of the
Gogolin Formation in the vicinity of Gogolin (modified after Kowal-Linka 2008; Kowal-Linka &

Bodzioch 2012). The position of the two bonebeds is indicated with arrows.

The bonebeds and their constituents

The lower bonebed is up to 5 cm thick and consists of several micritic laminae intercalated

with wavy-bedded laminae of bioclastic marly limestone (Figs. 3-5). The latter laminae

contain a non-continuous rusty film of micrite mixed with iron oxides and hydroxides, which

are probably the only sign of the earlier presence of microbial mats (Fig. 6). The bioclastic

laminae contain ostracod shells, gastropod and bivalve shell fragments, as well as micritic

casts of shells (Fig. 6). The upper bonebed is only up to 2 cm thick and of a build which is

similar to the lower (Figs. 7, 8).
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Fig. 3. The lower bonebed exposed in a disused quarry in the vicinity of Gogolin. Photograph by M.
Kowal-Linka.

All the vertebrate remains found are disarticulated. Remains from the lower bonebed
are larger than those from the upper. Numerous vertebrae (ranging from several millimetres to
1.5 cm in width), long and flat bones up to 2 cm long, a few humeri up to 3 cm long and two
bones up to 4.5 cm (a fragment of fish skull and an unidentified bone) have been collected
from the lower bonebed to date. Abundant fish scales and teeth occur with the bones. Smaller
vertebrae (up to 5 mm wide), fish scales and teeth, and also long bones (ribs and limb bones

usually up to 1.5 cm long) have all been excavated from the upper bonebed (Fig. 9A-F).
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Fig. 4. Close-up of the top surface of the lower bonebed with numerous bones (indicated by arrows)

and scales. Photograph by M. Kowal-Linka.

Marine reptiles of the Early Triassic

Although at least ten groups of marine reptiles (i.e., taxa feeding in the marine environment;
their food including fish, other vertebrates and hard-shelled invertebrates) lived during the
Mesozoic, only Ichthyopterygia and Sauropterygia are known from the Lower Triassic
(Motani 2009). Ichthyopterygians preferred open-marine settings, while sauropterygians
favoured shallow-marine environments. With regard to the coastal to shallow-marine
character of the R6t sedimentary environment near Gogolin, sauropterygian remains are more
likely to be found there. Within the Sauropterygia, only two Early Triassic genera are known
from the Germanic Basin: Dactylosaurus (small animals with skulls up to 2-3 cm long) and

Cymatosaurus (larger animals with skulls about 10 cm long; Rieppel 1997, 1999).
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2cm

Fig. 5. The lower bonebed visible in cross section (arrows indicate vertebrate remains). Photograph by

M. Kowal-Linka.

Dactylosaurus and its diagnostic features

The first analyses of the new finds point to a mass occurrence of Dactylosaurus remains
(Pachypleurosauria, Pachypleurosauridae; taxonomy after Rieppel 1999, 2000) and probably
also of other, larger reptiles, which is demonstrated by a 1.5 cm-wide vertebra occurring in
the lower bonebed. The only species known in the genus is Dactylosaurus gracilis Giirich,
1884 (see Rieppel & Kebang 1995). Dactylosaurus was a small animal up to 30 cm long

(including the tail), which was secondarily adapted to live in shallow-marine environments.

The humerus of Dactylosaurus gracilis, the most commonly found bone of this
animal, shows several diagnostic features. It has a well-developed deltopectoral crest which
distinctly stands off the diaphysis. The plesiomorphic humeri show a clear entepicondyle, an
entepicondylar foramen and an ectepicondylar ridge. Differences in the forms of humeri

indicate sexual dimorphism (Rieppel & Kebang 1995).
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Fig. 6. Microphotograph of the upper bonebed showing intercalating micritic and bioclastic laminae: b
— bone fragment; rml — rusty lamina consisting of micrite and mixture of iron oxides and hydroxides;
ost — ostracod test; gc — micritic cast of gastropod shell; pell — pellets. Photograph by M. Kowal-Linka.

Fig. 7. The upper bonebed exposed in a disused quarry (indicated by an arrow) in the vicinity of
Gogolin. Photograph by M. Kowal-Linka.
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Fig. 8. Fragment of the upper bonebed with numerous bones (indicated by arrows) and the imprint of a
rib (rb). Photograph by M. Kowal-Linka.

Stratigraphic and geographic ranges of Dactylosaurus

Dactylosaurus is known from the upper Olenekian and the lower Anisian of the Germanic
Basin. Prior to the present find, Dactylosaurus remains were known only from the Upper
Silesia region at Michatkowice, Kamien Slaski and Gogolin (all found during the nineteenth
and early twenties centuries). The remains from Michatkowice and Kamien Slaski were
assigned to Rot (Rieppel & Kebang 1995), although the age of the specimen from the second
locality is not certain, because Rot is in fact not present there. The bones from Gogolin were
found in Lower Muschelkalk strata (Rieppel & Kebang 1995). Gogolin is thus probably the
third or even the second Rot site within the Germanic Basin, and the richest one so far, where

Dactylosaurus remains have been found.
Significance of the new finds

Apart from extending the geographic range of Dactylosaurus, the recent finds will
enable new research in palaeohistology, as well as in other disciplines. The material collected
prior to the new find was insufficient to carry out such studies (e.g., Klein 2010).

Additionally, bones kept in museums are commonly not available for invasive methods of
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research. Palaeohistological analysis will enable the position of Dactylosaurus in the

phylogenetic tree to be verified.

This new find also confirms the need to keep old outcrops accessible. We can expect

that many outcrops still contain valuable scientific material.
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Abstract

Marine deposits of late Maastrichtian age (67.8-65.5 Ma) in the study area have yielded rich
vertebrate faunas in recent decades. First in line are mosasaurs, or marine lizards, of which
some seven species are on record. Some of these, e.g. Carinodens belgicus, preferred shells
and crustaceans, while others were voracious top predators, such as Mosasaurus hoffmanni,
Plioplatecarpus marshi, Prognathodon sectorius and Prognathodon saturator. Of large-sized
turtles, Allopleuron hofmanni is the commonest, while of other taxa (Glyptochelone
suyckerbuycki, Platychelone emarginata) we have only limited material. Small, isolated
marginal carapace plates suggest the presence of another form. Not primarily inhabiting the
shallow, subtropical waters of the study area, were elasmosaurid plesiosaurs — they occupied
oceanic niches and drifted into shallower waters as floating carcasses. Only isolated vertebrae
and a few tooth crowns are known. The same goes for land-living reptiles such as hadrosaurid
dinosaurs, the ‘cows of the Cretaceous’, of which merely fragmentary limb bones, some teeth
and a partial lower jaw have been recovered. An isolated limb bone of a carnivorous species is
the sole example of that group. Avian dinosaurs (i.e., birds) comprise both toothed forms,
which probably fed on fish, and others. Diversity is low, but this most likely is a taphonomic
issue, bird skeletons being fragile and prone to destruction. Of small-sized mammals, a single

form is known to date; this shows affinities to North American opossum-like taxa and is thus
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indicative of the existence of a land bridge between that continent and northern Europe during

the latest Cretaceous.
Abstrakt

Osady morskie pdznego mastrychtu (67,8-65,5 milionéw lat temu), pochodzace z badanego
terenu, sg w ostatnich latach Zrodtem bogatego materiatu fauny kregowcoOw. Najwazniejsza
grupe, liczaca siedem gatunkow, stanowig mozozaury, inaczej zwane morskimi jaszczurkami.
Niektore z nich, np. Carinodens belgicus, preferowaty jako zrodto pokarmu malze i
skorupiaki, podczas gdy inne byly czolowymi drapieznikami w ekosystemie, jak np.
Mosasaurus hoffmanni, Plioplatecarpus marshi, Prognathodon sectorius czy Prognathodon
saturator. Sposrdd duzych zotwi najezestszy jest Allopleuron hofmanni, podczas gdy inne
taksony (Glyptochelone suyckerbuycki, Platychelone emarginata) znane sg tylko
fragmentarycznie. Mate, pojedyncze, krancowe ptytki z karapaksu sugeruja obecno$¢ rowiez
innych form. Wtornym elementem ptytkich, subtropikalnych wod badanego rejonu sg
zamieszkujace oceaniczne glebie plezjozaury, ktére do strefy szelfu przydryfowaty jako
padlina. Zachowaty si¢ one w postaci pojedynczych kregdéw i zgbow. To samo dotyczy
gadow ladowych, takich jak hadrozaury (“kredowe krowy”), z ktorych odkryto zaledwie
fragmenty kosci konczyn, kilka zebow 1 cz¢$¢ zuchwy. Sporadycznie wystepuja tez
pojedyncze kosci konczyn dinozauréow drapieznych. Dinozaury pierzaste (np. ptaki)
reprezentowane sg zaro6wno przez formy uzgbione, ktore prawdopodobnie zywity si¢ rybami i
innymi gatunkami zwierzat morskich, jak 1 przez inne. Ich r6znorodnosc¢ jest niewielka, ale
wynika to prawdopodobnie z przyczyn tafonomicznych — szkielety ptasie sg kruche i tatwo
ulegaja zniszczeniu. Sposréd matych ssakow znane sg pojedyncze kosci form podobnych do
ponocnoamerykanskich oposéw, co wskazuje na wystepowanie ladowego mostu tgczacego w

kredzie kontynent amerykanski z europejskim.
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Introduction

Ever since the first records of mosasaur and turtle remains in the second half of the eighteenth

century, the fully marine, shallow-water deposits of late Maastrichtian age (67.8-65.5 Ma) in

the study area (Fig. 1) have been yielding relatively rich vertebrate faunas,
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Fig. 1. Map of the study area in southern Limburg (the Netherlands) and contiguous areas in Belgium
and Germany, with the most important localities noted, inclusive of the stratotype of the Maastrichtian
Stage at the ENCI-HeidelbergCement Group quarry, south of Maastricht (after Jagt & Jagt-Yazykova

2012).

inclusive of avian and non-avian dinosaurs and mammals. In recent years the list of taxa on

record has grown steadily, which in particular demonstrates the keen interest that amateur

palaeontologists take in vertebrate fossils from the Maastrichtian type area. A team of a dozen

collectors, all well versed in local stratigraphy (Fig. 2) and with a good eye to detail, are in

close co-operation with museum staff and allow their finds to be assessed properly, described

scientifically and placed in public collections. This brief paper is a tribute to them.
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Fig. 2. Local lithostratigraphy, bioclast ecozones (I-VI) and cycles and supercycles for the Uper
Cretaceous (Santonian-Maastrichtian) (after Jagt & Jagt-Yazykova 2012). The Maastricht Formation
comprises, from bottom to top, the Valkenburg, Gronsveld, Schiepersberg, Emael, Nekum and
Meerssen members — only the latter is shown here, because the Cretaceous-Paleogene (K/Pg)
boundary is situated in its uppermost metres.

Institutional abbreviations. MND, Museum Natura Docet-Wonderryck Twente, Denekamp;
NHMM, Natuurhistorisch Museum Maastricht, Maastricht; NHMUK, The Natural History

Museum, Department of Palacontology, London.

Mosasaurid squamates

The first finds of mosasaur skeletal remains from the underground galleries at the St.

Pietersberg, south of Maastricht, were documented in the second half of the eighteenth
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century, with at least two partial skulls and numerous post-cranial elements on record.
Although not the first to have been discovered, the skull which ultimately found its way to
local clergyman Canon Godding, and which was subsequently seized by the French
revolutionary army in 1794 and put on transport to Paris the following year, became the type
specimen of Mosasaurus hoffmanni Mantell, 1829. For details of this act of looting, reference
is made to Bardet & Jagt (1996) and Pieters ef al. (2012). In later years, this species of marine
lizard turned out to be both the largest (up to 14 metres or more) and commonest voracious
top predator in the area. Most material referred to M. hoffmanni is from the middle and upper
part of the Maastricht Formation (Emael and Nekum members). However, its range has
recently been extended downwards, into the middle part of the Lanaye Member (Gulpen
Formation), on the basis of individuals collected in the Eben Emael area (northeast Belgium)
(Cornelissen et al. 2011). The most recent find, made in September 2012, is of a partial
skeleton, with most of the skull associated (Fig. 3), from the upper Lixhe 3 Member (Gulpen
Formation). If conspecific with M. hoffimanni, this specimen (nicknamed ‘Carlo’) would
represent the earliest record of this species in the area, dated at ¢. 67.8 Ma. Of comparable
overall length is a ‘heavy-build’ mosasaur, Prognathodon saturator Dortangs, Schulp,
Mulder, Jagt, Peeters & de Graaf, 2002 (Fig. 4), the holotype of which was collected from the
upper Lanaye Member (Gulpen Formation) by Rudi W. Dortangs. Only last year was it
realised that a jaw element (PMU, post mandibular unit) contained in the collections of the
Institut royal des Sciences naturelles de Belgique (Brussels) actually represented an even
larger individual of the same species. This would indicate a more extended stratigraphical
range of that species in the area and possible competition with co-occurring M. hoffmanni,
although massive jaw bones and crushing-type dentition suggest a preferred prey of turtles,
similar to Prognathodon overtoni (Williston, 1897) from the upper Campanian of Alberta,
western Canada (Konishi ef al. 2011). Smaller-sized and more gracile species, which probably
fed on fish and squid, include Prognathodon sectorius (Cope, 1871), of which a fragmentary
jaw from the Lanaye Member (Gulpen Formation) at the Marnebel quarry complex (Eben
Emael) is known (Jagt et al. 2002; Schulp et al. 2008), collected by Louis Verding, and
Plioplatecarpus marshi Dollo, 1882. The latter ranges from the Lanaye Member to the
uppermost Meerssen Member, to within a few metres of the Cretaceous-Paleogene (K/Pg)

boundary.

85



Fig. 3. The most recent addition to the mosasaur faunas from the Maastrichtian type area: ‘Carlo’
(NHMM 2012 072; photograph courtesy of Roger Sliepen, ENCI-HeidelbergCement Group,
Maastricht); total jaw length (as preserved) is 58 cm.

Recently, a partial skull with a handful of post-cranial elements (NHMM 2012 173),
nicknamed ‘Kristine’, has been collected from the uppermost Emael Member at the ENCI-
HeidelbergCement Group quarry by Kristine Marién. Although not yet documented in detail,
the general belief, until recently, was that these two species were deeper divers and thus did
not directly compete for food with the larger-sized M. hoffmanni and P. saturator which
cruised the upper water levels. Recent isotope ('°C) data, as well as additional insights from
avascular necrosis and sclerotic eye rings, indicate that the picture is less clear cut than
previously thought. The sole ¢ bottom-dwelling’ mosasaur species, and the smallest at that,
was Carinodens belgicus (Woodward, 1891) (= Globidens fraasi Dollo, 1913), which was
fully durophagous and preferred hard-shelled food such as bivalve and gastropod molluscs
and crustaceans (Schulp 2006, 2012). In the study area, this species ranges from the Lanaye
Member to just below to the K/Pg boundary, but is comparatively rare, which is surprising
given the common occurrence of hard-shelled prey, especially in the upper Maastricht

Formation (Emael, Nekum and Meerssen members).
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Fig. 4. The holotype (NHMM 1998 141) of Prognathodon saturator Dortangs, Schulp, Mulder, Jagt,
Peeters & de Graaf, 2002, discovered by Rudi W. Dortangs in August 1998, shown here in its special
glass house (‘Mosaleum’) on the inner square of the Natuurhistorisch Museum Maastricht, de
Bosquetplein, Maastricht.

Current research focuses on traces of microwear on mosasaur tooth enamel, stable carbon and
oxygen isotope composition of such and a re-evaluation of the systematics of species of

Plioplatecarpus.
Cheloniid turtles

First recognised in the second half of the eighteenth century, but then — in part —
misinterpreted as antlers of deer, plastron and carapace remains of medium- to large-sized
marine turtles belonged to the prized objects on display in diverse cabinets in the city of
Maastricht. At least three species have so far been described, although the status of one of
these, Platychelone emarginata Dollo, 1902, is still in doubt. The commonest turtle is
Allopleuron hofmanni (Gray, 1831) (see Mulder 2003; Janssen et al. 2011); this shows a lot of
paedomorphic traits (Fig. 5). It has usually been associated with sea grass ‘meadows’ in the

lower and middle portions of the Maastricht Formation (which would have been its primary
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food source), but recent isotope data (Renée Janssen, Remy van Baal and co-workers)
indicate that its menu would have included a meaty component as well. The third species,
Glyptochelone suyckerbuycki (Ubaghs, 1879), is very rare; in addition to the holotype, we
know of the remains (NHMM collections) of at least one other individual. Small, isolated
marginal carapace plates from various levels within the Maastricht Formation suggest the
presence of yet another, diminutive (?juvenile) form, the affinities of which are still unclear.
Current research focuses on refinement of the stratigraphic ranges of the various species, on

analyses of scratch/radular marks (and other traces, possibly gastropod homing scars) and on

CT scans of braincases of A. hofmanni.

Fig. 5. A fully-grown male individual of Allopleuron hofmanni (Gray, 1831) (NHMM 000001) from
the Cannerberg, southwest of Maastricht. Total carapace length is 143 cm.

Elasmosaurid plesiosaurs

To date, only a handful of isolated teeth and cervical and pectoral/sacral vertebrae (Fig. 6) of
long-necked elasmosaurids are known from the study area (Mulder ef al. 2000), all from the
lower/middle Maastricht Formation but apparently not extending upwards into the Meerssen
Member. In fact, plesiosaur remains are even rarer than those of non-avian dinosaurs, despite
the fact that the type Maastrichtian strata are fully marine. Preservation of individual
specimens varies widely; from near-completely abraded (see e.g., Mulder et al. 2002, fig. 2),

to more or less pristine. The main reason for the paucity of plesiosaurs would appear to be
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their preferred colder-water, oceanic habitat (upwelling areas). The isolated bones and
dissociated teeth from the shallow, subtropical waters of the study area, might represent
remains of floating carcasses, although it cannot be excluded entirely that animals did at times
venture into such settings from the southern Tethys (North Africa) where plesiosaurs occurred
in abundance. In view of the poor material and the general absence of diagnostic skeletal
remains, identification at the generic or specific levels is spurious. We know of no recently
collected material, except for an isolated vertebra from the middle portion of the Maastricht

Formation at Sibbe near Valkenburg aan de Geul.

Fig. 6. Isolated tooth (A, B - MND K 20.01.082; original length 32 mm) and pectoral/sacral vertebra
(C-E - NHMM 1985 141; original width 77 mm) of elasmosaurid plesiosaurs (modified after Mulder
et al. 2000).

Eusuchian crocodiles

Even rarer than plesiosaurs and avian and non-avian dinosaurs are remains of marine
crocodiles; to date, a single cervical (MND K 20.01.882; see Fig. 7) and two lumbar vertebrae
(MND K 20.01.883 and 885) are on record. These specimens, collected in 1960 and 1969,

respectively, originate from the higher portion of the Maastricht Formation (Nekum or
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Meerssen members) at the ’t Rooth-Ankerpoort quarry (Bemelen). Mulder (1998) compared
these specimens to Thoracosaurus neocesariensis (DeKay, 1842), the sole late Maastrichtian
eusuchian crocodile currently known from North America. In view of the close relationships

between North American and Dutch/Belgian mosasaur taxa, such attribution would not come

as a surprise.

Fig. 7. Isolated cervical thoracosaurine vertebra (MND K 20.01.882), in various aspects, from the
upper Maastricht Formation at Bemelen, southern Limburg (after Mulder 1998). Scale bar equals 20
mm.

90



The same species, or closely allied forms, became commoner after the demise of mosasaurs at
the K/Pg boundary. From the Geulhem area, a few kilometres east of Maastricht,
thoracosaurine tooth crowns (collected by Math van Es) are known from the lower-middle
Danian (lower Paleocene) Geulhem Member (Houthem Formation), but no articulated
material is currently available. Thoracosaurines appear to have occupied the higher (?top)
positions in the food chain during the early Paleocene, with records from the study area,

eastern Denmark, southern Sweden and eastern Poland.
Non-avian dinosaurs

Having been inhabitants of terrestrial settings, non-avian dinosaur remains in fully marine
strata can only be considered to have either been introduced by rivers or by temporary
inundation of lower-lying land masses during transgressive phases (Weishampel ef al. 1999).
Naturally, remains of herbivorous taxa are commoner than those of meat-eating forms,
reflecting natural populations at any one time. Hadrosaurids, the ‘cows of the Cretaceous’, are
documented merely in the form of fragmentary limb bones (Fig. 8), a few dissociated teeth
and a partial lower jaw, all from the Maastricht Formation (Weishampel et al. 1999; Jagt et al.
2003; Mulder ef al. 2005). An isolated, incomplete femur (NHMUK R42997), the type of
‘Betasuchus’ bredai (Seeley, 1883), is the sole example known to date of a carnivorous
species from the study area. Unfortunately, the exact level of provenance within the
Maastricht Formation is unknown; to make matters worse, affiliation of this specimen has
varied widely, ranging from ornithomimid, to ceratosauroid (?abelisaurid) or closely
comparable to Dryptosaurus (see Carpenter ef al. 1997). Weishampel et al. (2004) listed it as
‘basal tetanuran’. The four isolated (a fifth, from the K/Pg boundary interval at Vroenhoven,
northeast Belgium, has just been noted in the E. Nieuwenhuis Collection) maxillary and
dentary teeth are all typically hadrosaurid, but relationships within this large clade remain
unresolved. Two dentary teeth (NHMM RD 214, NHMM RN 28; see Jagt et al. 2003) appear
assignable to the Euhadrosauria, but cannot be identified in more detail. Of note is that
preservation of teeth varies widely, from fragmentary and abraded to near-pristine (Fig. 9).
Precisely from where these non-avian dinosaur remains originated is unknown, but it is highly
likely that they stem from populations that inhabited the central European landmass (i.e., to
the southeast). Some post-cranial elements remained on the seafloor for a considerable length
of time, judging from radular scratches, adnate bryozoans and bivalve borings of

Gastrochaenolites morphology (see Jagt et al. 2003).
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Fig. 8. A selection of hadrosaurid dinosaur appendicular skeletal elements, all from the Maastricht
Formation (after Mulder ef al. 2005) and from various institutional collections. Scale bar equals 50
mm.
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Fig. 9. Isolated maxillary tooth (NHMM 1997 274) of a hadrosaurid dinosaur, from the ?Emael
Member (Maastricht Formation) of Valkenburg aan de Geul, southern Limburg (the Netherlands)
(modified after Weishampel ef al. 1999). Scale bar equals 5 mm.

Avian dinosaurs

Only in recent years have avian dinosaurs (i.e., birds) been noted from the Maastrichtian type
area. The sparse material available includes the associated remains (NHMM RD 271) of an
ornithurine bird, collected by Rudi W. Dortangs at c. 40 metres below the K/Pg boundary, at
the CBR-Romontbos quarry (Eben Emael; see Fig. 10). This is the youngest non-modern
(non-neornithine) bird to date; the individual preserves a right humerus, a right ulna, a
scapular blade, a proximal tarsometatarsus, portions of mandible, two jugals(?) and a
?quadrate, as well as a right coracoid, three thoracic vertebrae, a proximal tarsal and a single

tooth.
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Fig. 10. Ornithurine bird remains of a single individual (NHMM RD 271), from the basal Maastricht
Formation (late Maastrichtian) of Eben Emael (CBR quarry) (modified after Dyke et al. 2002). Scale
bars equal 5 mm.

Most elements are fragmentary, which is not surprising in view of the hollow nature of the
bones and the presence of pneumatic fossae in the lateral surfaces of the vertebrae (Dyke et al.
2002). This type of bird, the phylogenetic links of which are difficult to determine on the
basis of what is currently exposed (prior to further preparation), probably was piscivorous and
tied to land masses nearby. Another ornithurine of unresolved relationship is represented by a
single, fragmentary left tarsometatarsus (NHMM K 4925), and a proximal left radius (NHMM
K 4101) constitutes a possible enantiornithine (Dyke et al. 2008). Although diversity is low,
various avian clades are represented in this lot; all material stems from the lower and middle
portion of the Maastricht Formation in the Eben Emael area. No recently collected material is
known, but detailed screening of private collections of vertebrate skeletal elements (teeth,
post-cranial elements) that are demonstrably of a non-fish (teleost, shark, ray) nature, is

planned for the near future. In addition, concentrations of bony material in burrows and other
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bioerosional structures which has been more or less routinely identified as ‘fish’, mostly in the

field, is in need of closer perusal.
Mammals

As a byproduct of wet sieving of large quantities of sediment (in search of shark, ray, teleost
and mosasaur teeth and tooth crowns), a single right upper molar (M2) of a herpetotheriid

marsupial, Maastrichtidelphys meurismeti Martin, Case, Jagt, Schulp & Mulder, 2005 is

known to date from the very base of the Maastricht Formation (Fig. 11). This diminutive

Fig. 11. Isolated right upper molar (M2), in anterior and oblique-occlusal view, respectively (NHMM
2002 063), the holotype of Maastrichtidelphys meurismeti Martin, Case, Jagt, Schulp & Mulder, 2005.
Original size (greatest length) is 1.36 mm.

tooth (NHMM 2002 063) shows clear affinities to North American opossum-like taxa and is
thus indicative of the existence of a land bridge between that continent and northern Europe
during the latest Cretaceous (Martin et al. 2005). Such a dispersal route had previously been
assumed on the basis of close ties between North American and northwest European
hadrosaurid and theropod dinosaurs as well as boid snakes. More mammal material may lie
unrecognised in sets of small vertebrate remains in numerous private collections. A thorough

screen of these is called for, as noted above for possible avian remains.

95



Conclusion

From the overview presented above, it is clear that assemblages of marine reptiles in the type
area of the Maastrichtian Stage are predominated by mosasaurs, of which five taxa have now
been identified. These top predators characterise the late to latest Maastrichtian shallow-water
setting in the study area as a genuine ‘mosasaur park’, which has subordinate numbers of
other marine reptiles (cheloniid turtles, thoracosaurine crocodilians and elasmosaurid
plesiosaurs) associated. Terrestrial vertebrates, washed in via rivers into this shallow-marine
setting during regressive phases, or resulting from inundations of lower-lying land masses
during transgressive episodes, are rare. With the planned stop to quarrying activities at the
ENCI-HeidelbergCement Group quarry by the summer of 2018, the input of amateur
palaeontologists becomes even more important and urgent. Thorough screening of ‘left-over’
vertebrate remains (i.e., other than shark, ray and teleost teeth) in private collections is also

called for, in search of additional material of avian and mammalian skeletal material.
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