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Struény vytah obsahu predkladané DSc. disertace

VZTAH SUB,STRz"STfJ A AKTIVITY ORGANISMU
VE FOSILNIM ZAZNAMU:
POSOUZENI ZMEN BEHEM FANEROZOIKA

Od pocatku fanerozoického eonu (ptiblizné pted 540
miliony let) aZ po sou€asnost vznikaji v biosféte nové
substraty (materidly, ve kterych nebo na kterych Zziji
organismy) pievazné ¢innosti samotné bioty nebo jsou
jejich vlastnosti biotou ovlivnény. Na pocatku
fanerozoika byla v biosféte k dispozici nezpevnéna sypka
nebo konsolidovana klastika a malo vyuzivana skalnata
motska dna; dalsi substraty mély mizivy podil.

V geologickém Case nasledné ptibyla mékka
bioturbovana dna (softgroundy a souproudy), dievité
substraty (woodgroundy) a nejriiznéjsi typy bioklastii
(schranky bezobratlych, kosti, listy aj.). Expanze biosféry
do suchozemskych prostiedi tuto plejadu dale rozsitila.
Biologické vlivy se podilely i1 na diverzifikaci jiz
existujicich materialt motského ¢i sladkovodniho dna a
povrchu suché zemé¢. K témto vliviim patii naptiklad
specificky ptinos zivin do prostiedi.

Ptitomnost novych substratli pfinesla a nadale
pfinasi nové moznosti zivotnich strategii. Mezi
objevenim novych substrati a novych forem chovéni tak
existuje pozitivni zpétna vazba, kterad se projevuje
v ¢asech velkych geologickych méfitek (eont a ér).

K uvédomeéni rozsahu této zpétné vazby znacné
napomohly studie, které jsou soucasti predlozené
disertace. Byly motivovany snahou popsat a interpretovat
dosud nerozpoznané formy geologického zdznamu spjaté



praveé s vySe zminénymi substraty. Tykaji se zejména
suchozemskych (subaerickych) prostiedi se skalnimi
povrchy a ¢asteCné zpevnénymi klastickymi povrchy,
prostiedi s prevladajicim dfevitymi materidly a riznych
specifickych motskych prostiedi.

Poznatky téchto studii byly zabudovany do Siroce
akceptované a stale se vyvijejici koncepce ichnofacii.
Tam, kde to bylo mozné a zadouci, byly zobecnény téz
formou nové¢ stanovenych ichnotaxonti — morfologickych
se opakujicich fosilnich stop v substratu vzniklych
aktivitou bioty.

Dfevité substraty byly studovany v holocennich
fi¢nich néplavech Labe. ZjiStény v nich byly ¢etné stopy
larev hmyzu, stopy enzymatické aktivity hub a také stopy
¢innosti ¢loveéka, ¢imz doslo k ojedinélému piekryvu a
soborem archeologie. Byly rozpoznany tfi faze vyuziti
dfeva jako substratu: 1. na zivych stromech, 2. na
odumfielych stromech pied jejich pohibenim v sedimentu
a 3. na znovu odkrytych semi-fosilnich kmenech. Pomér
téchto tii typl ukazuje, Ze naprosta vétSina dfevni hmoty
uloZené v nivnich sedimentech pochazela z Zivych
luZnich lesti zasaZenych extrémnimi povodnémi.
Nalezené stopy podporuji myslenku stanoveni nejméné
jedné terestrické ichnofacie na dievitych substratech;
holocenni material vSak pro tento ucel nelze pouZit.

Suchozemské skalni povrchy jsou pomérné ¢asto
vyuzivany organismy a mohou se na nich ¢i v nich
dochovat specifické stopy. Jedna se o endolitické stopy
hub, fas a liSejnikti, o stopy opakované lokomoce savcu
(ohlazy hran v krasovych oblastech) ¢i o kofenovou
korozi vyssich rostlin. Zachovani téchto stop
Vv geologickém zdznamu (jinak fec¢eno, pfekonani



fosiliza¢ni bariéry) je vzacné, neni vSak vylouceno.
Podobné se zachovavaji i povrchy caste¢né zpevnénych
hornin (jilovce, slabé tmelené jemnozrnné piskovce) s
doupaty hmyzu a s plejadou dalsich stop. Geologickou
udalosti, ktera povrch nedestruktivné pohibi, mize byt
napf. sopecna erupce, zavati sprasi, prekryti
chemogennim sedimentem ¢i povrchové zpevnéni skalni
ktirou a nésledny opad této kiiry do osypu. Pevné a
castecné zpevnéné terestrické substraty predstavuji
(podobé jako suchozemské dievité substraty) material
pro budouci stanovovani mocnych ichnofacii.

Koprinisférova ichnofacie (Coprinisphaera
Ichnofacies) je stanovena pro terestrické pedologické
(pudni) substraty. Naprosta vétSina dosud popsanych
ptikladl pochazi z jihoamerického kontinentu, ktery je
specificky geologicky dlouhodobym vlivem
andezitového vulkanismu. Sopecny popel periodicky
prekryva ptidni profily se stopami po €innosti bioty a
vytvaii jedinecny fosilni zaznam. Autorem disertace byla
koprinisférova ichnofacie popséana z oligocénu
Doupovskych hor, které ptedstavuji oblast s bazaltovym
vulkanismem. Ten je obvykle charakteristicky Casto se
opakujicimi slabSimi erupcemi, mezi nimiz vznikaji
pouze rand sukcesi stadia rostlinnych a ZivociSnych
spolecenstev. Bylo navrzeno zobecnéni téchto poznatki
vy€lenénim pod-kategorii koprinisférové ichnofacie
andezitovych oblasti a koprinisférové ichnofacie
bazaltovych oblasti.

V moftskych prosttedich bylo napt. zjiSténo, ze
v zésad¢ mélkovodni a vysokoenergeticka skolitova
ichnofacie (Skolithos Ichnofacies) mize byt prostorem
pro masivni uplatnéni chemosymbiontni potravni



strategie, dosud pokladané za béznou zejména
Vv dysoxickych podminkach.

Nasledujici nové stanovené ichnorody jsou
diagnostikovany s vyuzitim morfologickych a
substratovych kritérii: Lamniporichnus Mikulas, Dvotak
& Pek 1998, Nihilichnus Mikulas, Kadlecova, Fejfar &
Dvotak 2006, Machichnus Mikulas, Kadlecova, Fejfar &
Dvorak 2006, Circolites Mikulas 1992, Tombownichnus
Mikula$ & Genise 2003 a Lazaichnus Mikulas & Genise
2003. Tyto navrhy byly citovany a akceptovany dalSimi
autory. Autor vytvofil fadu akceptovanych nazvi i na
ichnodruhové urovni, zpravidla na zakladé dosud
nezpracovaného materialu.



Abstract of the DSc. Thesis

FOSSIL BEHAVIOUR RELATED TO SPECIFIC
SUBSTRATES: A REVIEW OF THE
PHANEROZOIC FOSSIL RECORD

From the beginning of the Phanerozoic Eon (ca.
540 My) to the present, new substrates exploited by biota
originated mostly by the life activity itself. Alternatively,
mineral substrates were strongly modified by biota. At
the onset of the Phanerozoic, shifting or rapidly
consolidating clastic bottoms were colonized; the
proportion of other substrates, including rockgrounds,
was negligible. Through geologic time, soft bioturbated
bottoms (firmgrounds and rockgrounds) appeared, being
followed by woodgrounds, lithic and firm bioclasts
(invertebrate shells, bones, leaves etc.). The spread of the
biosphere to terrestrial settings broadened the variety of
substrates more than anything else. Moreover, the already
existing materials of marine or freshwater bottoms were
diversified by biogenic processes, e.g., by specific
regimes of organic nutrient influx.

The appearance of new substrates brought, and
still brings, new possibilities of life strategies. Therefore,
a positive feedback between new substrates and new
behavioural patterns can be traced, however, only within
the largest geologic timescale (eons and eras). The
studies collected in this thesis helped to analyse the
degree of this feedback. They were motivated by the
effort to recognize, describe and understand the as yet
overlooked forms of the fossil record related to the
understudied substrates. They concern, among others,



subaerial rockgrounds and firmgrounds, settings rich in
xylic substrates and various specific marine
environments.

The knowledge brought by these studies was
incorporated into the broadly accepted but still
developing concept of ichnofacies. Whenever possible
and desirable, this knowledge also resulted in the erection
of new ichnotaxa, i.e., morphologically recurring fossil
traces of life activity.

Xylic substrates were studied, e.g., in the
Holocene fluvial sediments of the Labe River. Numerous
traces of insect larvae, of fungal enzymatic activity, and
also man-made substrates were recognized. This suite has
interconnected ichnology and archaeology in an unusual
way. Three phases of the use of wood as substrate were
recognized: 1, on living trees; 2, on dread trees before
their burial in the sediment; 3, on exhumed semi-fossil
tree trunks. Circumstances and proportions of the three
types showed that most of the wood mass deposited by
the river had been derived from live, “healthy” floodplain
forests affected by extreme floods. The recognized and
interpreted traces support the idea of erecting at least one
terrestrial ichnofacies for xylic substrates; however, the
Holocene material cannot be used for this purpose.

Terrestrial/subaerial rock surfaces are commonly
used by organisms and can preserve specific traces.
Among them, endolithic microborings of fungi and algae,
macroborings made by lichens, traces of repeated
locomotion of large mammals (e.g., polished surfaces in
karst caves) and several varieties of root corrosion of
higher plants are the most frequent examples.
Preservation of these traces in the fossil record (i.e.,



passing the fossilization barrier) is rare but not
impossible. With a comparable frequency, terrestrial /
subaerial firmgrounds (claystones, marls or weakly
cemented sandstones) bearing trace fossils of insects,
mammals and plants can be preserved in the geologic
record. Both the rockgrounds and the firmgrounds can be
buried, e.g., by volcanic ash, loess, travertine or tufa, or
through surface hardening (rock crust formation)
followed by the fall of the crust to talus sediments. Hard
and firm terrestrial substrates have (similarly to terrestrial
woodgrounds) a potential for erecting a new ichnofacies.

The Coprinisphaera Ichnofacies is established for
terrestrial soil substrates. Majority of the so far described
examples come form the South American continent
which has a specific, long-lasting regime of andesite
volcanism. Volcanic ash periodically buries soil profiles
with traces of organisms, leaving a unique fossil record
of terrestrial settings. The author of the thesis recognized
the Coprinisphaera Ichnofacies in the Oligocene of the
Doupov Mts. built by basaltic ashes and lavas. Basaltic
volcanism is generally characterized by frequent,
relatively weak eruptions. In the intervals between them,
only early succession stages of plant and animal
assemblages can usually develop. The author proposed to
generalize these data through a subdivision of the
Coprinisphaera Ichnofacies (C.1.) to the C.I. of andesite
areas and C.1. of basalt areas.

Among the numerous observations and
interpretations of trace fossil assemblages in marine
settings, it was ascertained that the essentially high-
energy and shallow-water Skolithos Ichnofacies can
support massively used chemosymbiotic feeding strategy



that has so far been considered available chiefly in low-
energy dysoxic settings.

The following ichnogenera proposed by the
author have been diagnosed with regard to substrate
criteria: Lamniporichnus Mikulas, Dvoiak & Pek 1998,
Nihilichnus Mikulas, Kadlecova, Fejfar & Dvotak 2006,
Machichnus Mikulas, Kadlecova, Fejfar & Dvotak 2006,
Circolites Mikulas 1992, Tombownichnus Mikulas &
Genise 2003 and Lazaichnus Mikulas & Genise 2003.
These proposals were cited and accepted by subsequent
researchers. The author proposed also numerous new
ichnotaxa on the ichnospecific level, usually from the
material resulting from the fieldwork appropriate to the
grant projects he himself coordinated.



Vztah substratii a aktivity organismii ve fosilnim
zaznamu: posouzeni zmén béhem fanerozoika

Otazky studia ichnologie (= studium biogennich
sedimentarnich textur, zejména fosilnich stop, zahrnujici
jejich popis, klasifikaci a interpretaci) se témét vzdy
dotykaji také substratu (nej¢astéji horninového, ale
Casto také organického a n¢kdy i materidlu vytvofeného
¢loveékem), ve kterém vznikly a v némz jsou
konzervovany. Je-li biogenni sedimentarni textura,
bioerozivni textura nebo néktery z dalSich méné
obvyklych typt ichnologického zaznamu post-
pleistocénni, poklada se konven¢éné za recentni ¢i
moderni; je-li pfed-holocenni, poklada se za fosilni.
Hranice je arbitrarni a v nékterych ptipadech ani
neni mozné stari textury datovat a tim zatfadit do jedné ze
dvou jmenovanych skupin. Déleni stop na fosilni a
moderni ma svlij vyznam napf. v ichnotaxonomii.
Z praktickych ditvodi neni Ginosné stanovovat nova
nomenklatoricky fixovand jména pro stopy po ¢innosti
organismu na geologicky soucasném ¢i témét soucasném
materidlu — ziejmé by doslo k zahlceni nomenklatury
velkym mnozstvim jmen bez praktického vyznamu
(Bertling et al. 2006). Z paleobiologického hlediska je
vSak vzdy vhodnéj$i mit k dispozici fosilni material a
jeho predpokladané recentni analogie (cf. Bromley 1996)
a formalni hledisko fosilni/recentni neni vyznamné.
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Obecné poznamky o vlivu substratu na ichnologicky
Zaznam

Stopy jako zdznam chovani jsou velmi zavislé na
substratu, v némz vznikly a dochovaly se. Tato zavislost
je v podstaté dvojiho typu: 1. z hlediska chovani
vicemén¢ pasivni; substrat hraje roli pamét'ového média,
Vv némz je chovani zaznamenano. Typickym piikladem
jsou Slépéje drobnych Zivocicht, jejichz zplisob
lokomoce se pfilis nelisi, at’ uz k nému dochézi napt. na
mékkém dné (softgroundu) nebo pon€kud ztuzeném dné
(stiffgroundu). Zachované stopy se vsak lisit mohou. 2.
Zavislost ptima, nebot’ k samotné akci (chovani)
organismu doslo zcela nebo ¢astecné uvnitf substratu a
samotna pritomnost dan¢ho chovani je bud’ pfitomnosti
substratu urcitych fyzikalnich a chemickych vlastnosti
podminéna, nebo uréité chovani vykazuje specifické
varianty zavislé pravé na typu substratu (korys napf.
buduje doupata jinak v sypkych substratech
(shiftgroundech) a jinak v tuhych substratech
(firmgroundech), ackoliv zakladni rysy aktivity jsou
shodné) (kupt. Bromley 1996).

Zmény ichnologicky vyznamnych substrata
Vv geologickém case

Substraty pritomné v biosféie (a tedy ptipadajici v
uvahu pro ¢innost organismil) se v geologickém case
meéni. Je to zplisobeno nasledujicimi faktory: 1.

Vv rangjSich stadiich vyvoje Zivota expanzi biosféry do
novych prostor; 2. interakci/koevoluci nezivych substrati
a organismu (intenzivni kolonizace motského dna in-
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faunou zpusobila kratce po pocatku fanerozoika ubytek
mélkomotskych stiffground, ,,substratovou revoluci*
(Bottjer et al., 2000) ; 3. postupnym vyvojem bioty,
objevovanim novych typi tkani a pevnych schranek ¢i
koster (organismy velmi Casto uzivaji jako
substratu/svého docasného ¢i trvalého ptirodniho
prostiedi zivé tkan¢ ¢i odumielé zbytky jinych organismi
—na tom je zalozena vétSina potravnich vztaha

Vv biosféte). Zmeéna substratli (v podstaté jde zejména o
zvySovani jejich rozmanitosti, ackoliv tbytek nékterych
typt substratii je také evidentni) je zfejmée jednim

z nejvyznamnéjsich faktorti evoluce chovani (cf. Mikulas
a Dronov 2004).

Vyvoj chapani role substratu v oboru ichnologie

Role substratu se v oboru ichnologie (resp.

v lidskych ¢innostech, které zaloZeni tohoto védniho
oboru predchdzely) vyrazné menilo; v pomérné dlouhych
obdobich historie oboru byly substraty zcela stranou
pozornosti (Osgood 1975).

V poslednich zhruba 25 letech se chapani role
substratu v ichnologii podstatné prohloubilo. Ptispély
k tomu zejména:

1) Zmény v porozuméni konceptu ichnofacii, tedy
opakujicich se (rekurentnich) spolecenstev stop,
umoziujicich (predevsim v motskych usazeninédch)
usuzovat na riizné faktory prostiedi vzniku. Zmény
nastaly ve dvou fazich: nejprve na trovni ,,piekresleni’
klasického seilacherovského schématu (Seilacher 1967)
do realn¢jsiho obrazu motskych prosttedi (Frey et al.
1990; Bromley and Asgaard 1991); posléze pak doslo k

(3
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rezignaci na grafické znazornéni hloubky moiského
prostiedi (Buatois et al. 1998, Genise et al. 2000).
Namisto toho se objevilo schéma ichnofacii v podobé¢
tabulky, na jejiz pravolevé ose je posloupnost substratii
woodground — hardground — firmground — softground.
Prace s koncepci ichnofacii tedy vyzadovala na autorech
ichnologickych studii daleko vétsi pozornost vici
substratu nez doposud.

2) Koncepce ichnostavby (Ekdale and Bromley
1983), ktera zaméftila pozornost badatelii na obraz
bioturbace a bioeroze ve vertikalnich fezech
geologickymi vrstvami a podala napt. uzite¢né indicie
pro ptitomnost firmgroundi a hardgroundl v sekvencich
s prevladajicimi softgroundy.

3) Snaha o jednotny pfistup k pojmenovani
ichnofosilii (Bertling et al. 2006). Cilem Sirokého
kolektivu autort vySe citované prace bylo najit obecné
akceptovatelné podklady pro stanovovani ichnotaxond,
tzv. ichnotaxobdze (a vyloucit podklady
neakceptovatelné). V tomto smyslu byl substrat jako
ichnotaxobaze velmi dikladné proveéfovan a nakonec
Vv urcitych mezich mezi ichnotaxobéze zatazen.

Tento, v predeslych tfech bodech shrnuty posun
Vv ichnologii nutné vedl k poloZeni zcela novych otazek
(naptiklad teoretické a praktické provétovani existence
novych, dosud nestanovenych ichnofacii, u kterych je
Vv tabulkach publikovanych Buatoisem et al. 1998 Genise
et al. 2000 zatim prazdné pole; relevance nékterych
ichnotaxonomickych navrhii apod.).
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Substrat v ichnologii — charakteristika praci, které
jsou soucasti disertace

Autor pfedlozené disertace se snazil od pocatku
svého profesionalniho piisobeni na védeckém pracovisti
zvladnout ichnologii v co nejvétsi ¢asti Site oboru. Bylo
dano nesystemati¢nosti ¢i v mnoha piipadech spise
absenci minulého ichnologického vyzkumu na uzemi
Ceské Republiky, Ze nachazel velmi rychle témata
K popisnym a pozdé&ji stale vice i interpretatnim pracim
Z raznych prostiedi v nejriiznéjSich kontextech. Pozdéji
vyuzil zkuSenosti ziskanych v geologicky mimotadné
pestrych podminkach Ceské Republiky k pracim
zalozenym na zahrani¢nim (napf. ruském, Spanélském,
argentinském) materialu. Predlozeny vybér je zalozen na
substratu jako na jednom z hlavnich faktort
posuzovaného problému. Takovyto vybér je jen jednim
z n¢kolika moznych — obdobné by bylo mozZno poskladat
prace ichnotaxonomické, prace zabyvajici se spodnim
paleozoikem ¢i studie S pfesahem k archeologii. Prace
jsou fazeny za sebou chronologicky podle data vydani,
coz je opét jen jeden z mnoznych pfistupi. Z tohoto
spodnopaleozoickych mélkomotskych prostiedi
k mlad$im prostfedim hlubokomotskym a zejména
k terestrické ichnologii.

Nasleduje seznam praci a jejich charakteristka:
1. Mikulas, R. (1995): Trace fossils from the Paseky

Shale (Early Cambrian, Czech Republic). Journal
of the Czech geological Society 40 (4): 37-45.
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2. Mikulas, R. (1997): Ethological interpretation of the
ichnogenus Pragichnus Chlupag, 1987
(Ordovician, Czech Republic). Neues Jahrbuch

fiir Geologie und Paldontologie, Monatshefte
1997 (2): 93-108.

3. Mikulas, R. (2001): Modern and fossil traces in
terrestrial lithic substrates. Ichnos 8: 177-184.
Philadelphia.

4. Mikulas, R., Lehotsky, T., Babek, O. (2002):
Ichnofabric of the Culm facies: A case study of
the Moravice Formation (Lower Carboniferous;
Moravia and Silesia, Czech Republic). Geologica
Carpathica 53 (3): 141-148.

5. Bébek, O., Mikulas, R., Zapletal, J., Lehotsky, T.
(2004): Combined tectonic-sediment supply-
driven cycles in a Lower Carboniferous deep-
marine foreland basin, Moravice Formation,
Czech Republic. International Journal of Earth
Sciences 93 (2): 241-261.

6. Mikulas, R., Genise, J. F. (2003): Traces within
traces. Holes, pits and galleries in walls and
fillings of insect trace fossils in paleosols.
Geologica Acta 1: 339-348.

7. Bertling, M., Braddy, S. J., Bromley, R. G.,
Demathieu, G. R., Genise, J., Mikulas, R.,
Nielsen, J. K., Nielsen, K. S. S., Rindsberg, A. K.,
Schlirf, M., Uchman, A. (2006): Names for trace
fossils: a uniform approach. Lethaia 39: 265-286.
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8. Mikulas, R., Kadlecova, E., Fejfar, O., Dvoték, Z.
(2006): Three new ichnogenera of biting and
gnawing traces on reptilian and mammalian
bones: A case study from the Miocene of the
Czech Republic. Ichnos: an International Journal
of Plant and Animal Traces 13 (3): 113-127.

9. Mikulas, R. (2008): Xylic substrates at the
fossilisation barrier: oak trunks (Quercus sp.) in
the Holocene sediments of the Labe River, Czech
Republic. — In: Wisshak M. & Tapanila L. (Eds.):
Current developments in bioerosion: 415-429.
Springer. Berlin, Heidelberg.

10. Mikulas, R. (2006): Ichnofabric and substrate
consistency in Upper Turonian carbonates of the
Bohemian Cretaceous Basin (Czech Republic).
Geologica Carpathica 57 (2): 79-90.

11. Mikulas, R., Skupien, P., Bubik, M., Vasicek, Z.
(2009): Ichnology of the Cretaceous Oceanic Red
Beds (Outer Western Carpathians, Czech
Republic). Geologica Carpathica 60 (3): 233-250.

12. Dreslerova, D., Mikulas, R. (2010): An early
medieval symbol carved on a tree trunk.
Pathfinder or territorial marker?. Antiquity 84
(326): 1067-1075.

Prace €. 1 se zabyva ichnofosiliemi paseckych

bidlic (spodni kambrium, Barrandien, Ceska Republika).
Vznikla v kontextu mezioborového studia jmenované
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jednotky, ktera vykazuje unikatni zoopaleontologicky a
sedimentologicky obsah. Neobsahuje totiz béznou
kambrickou motskou makrofaunu, pouze nékolik vysoce
endemickych taxont ¢lenovcl. Popisovanym ichnofosilii
je mozné porozumét pouze tehdy, uvazime-li unikatnost
substratu, kterym byl vysoce kompaktni jil, nevystaveny
bioturbaci. Ichnofosilie totiz sestavaji pouze z mélkych
vrypu koncetin ¢lenovci na povrchu nékdejsiho dna.
Dokladaji, ze ¢lenovci skutecné zili v prostedi, v némz
byli posléze fosilizovéni. Slozeni fauny (absence trilobitil
a brachiopodil) 1 sedimentologické parametry ukazuji na
nemoiské prosttedi. Popsané spolecenstvo je i po 16
letech od publikace pokladano za nejstars$i nemotské
ichnospole€enstvo na svete.

Préce €. 2 se zabyva substratem — dobfte
vytfidénym kifemennym piskem — z hlediska jeho
uzivnosti, respektive schopnosti poskytnout Ziviny
pomerné bohaté populaci extrémné hluboko hrabajicich
organismil. Na zdklad€ zfejmé disproporce mezi
substratem a zdrojem potravy pro charakteristické
sediment feeders je interpretovana etologicka funkce
ichnorodu Pragichnus Chlupac, 1987, ktery vytvari ve
sttednim ordoviku Barrandienu a ptilehlych oblasti husté
populace, z dalsich oblasti vSak v charakteristické forme
neni znam.

Prace €. 3 je prvnim modernim shrnutim
modernich a fosilnich stop bioeroze v terestrickém,
presndji fe¢eno v subaerickém prostiedi. Cesky masiv je
rozmanitosti horninovych podkladi a mozaikou
soucasnych biotopl oblasti s patrné nejmenSim
,landscape grain size* velmi vhodny
K terénnimu studiu terestrické bioeroze. Clanek, jak je
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s odstupem patrné z jeho citovanosti, poslouzil jako
inspirace (starting point) n¢kolika detailngjsich
zahrani¢nich studii.

Prace ¢. 4 vznikla béhem grantu zabyvajiciho se
analyzou kulmské facie na Severni Morav¢ (vychod
Ceské Republiky). Kulmska facie (zpravidla tence
vrstevnaty flyS s velkym podilem cernych jilovcii a
prachovctl) se pomérné oste odliSuje od béznych
flySovych facii s klasickymi sekvencemi. Béhem studie
shrnuté v praci €. 4 byla vénovana pozornost zejména
intenzivnéji bioturbovanym polohdm (s vysSimi
hodnotami indexu ichnostavby nez 1-2), které nejsou
Vv kulmské facii obvyklé. Tyto intenzivnéji bioturbované
polohy byly interpretovany, zhruba feceno, jako
substratové analogie kulmu se slabou bioturbaci. Rozdil
byl ve vétsim prokysli¢eni dna a patrné€ i ve vétSim
casovém intervalu, po ktery byla oteviena kolonizacni
okna. Shrnutim téZe prace v kontextu celé Sife vyzkumu
provadéného v ramci grantu je prace €. 5.

Prace €. 6 predstavuje dosud zcela prehlizené
substraty jako médium pro zachovani specifické plejady
stop: timto substratem jsou komlrky hmyzu, zejména
blanokiidlych a brouki, konstruované (aglutinované)

z klastického materialu. Jejich vyjimecnost je jak

V samotném slozeni (studovatelném na fezech a
nabrusech), tak zejména v synekologickém kontextu:

k hmyzu je ko-evolu¢né piidruzena plejada parazitd,
kleptoparazitli a parazitoidi, ktefi mohou zanechat stopy
pravé v uvedenych konstruovanych obytnych a hnizdnich
strukturach. Pro tyto stopy bylo — vlibec poprvé —
navrzeno i taxonomické feSeni, které by mélo

v budoucnu pftispét k vétsi pozornosti k danému
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fenoménu a jeho lepsi dokumentaci v geologickém Case
(ta je zatim zcela nedostatecnd).

Préce €. 7 je kolektivnim navrhem, vzniklym
béhem dvou specializovanych workshopt, jak sjednotit
teoreticky 1 prakticky pfistup k pojmenovani fosilnich
stop; to vyzadovalo jednak re-definici celé skupiny,
zadruh¢ stanoveni relevantnich kritérii (ichnotaxobazi).
Podil autora této disertace v kolektivu je nevelky —
podstatny je vSak jeho podil pravé v diskuzich a textech o
substratu jako ichnotaxobazi.

Préce €. 8 je koncepcné urcitou obdobou prace ¢.
6. Substratem, jemuZ je vénovana pozornost, jsou kosti
obratlovcl. Na rozdil od komurek a jinych konstrukci
vytvofenych hmyzem byla okusiim na kostech vénovéana
témet kontinudlni pozornost od ranych obdobi
paleontologie po sougasnost. Siroké téma viak bylo do
jisté miry ichnologii ,,odcizeno* ; stalo se pfedmétem
praci zoopaleontologickych, tafonomickych a
paleoekologickych. Ptistupy téchto oborti jsou do zna¢né
miry také relevantni; presto nejsou z hlediska ichnologie
uspokojivé. Ichnologové se béhem vyvoje svého oboru
dopracovali pfedstavy o mezich vypoveédni hodnoty stop,
coz ostatnim obortim nékdy chybélo. Navic jednotlivé
morfologické typy okust na kostech nebyly taxonomicky
pojednany (treated). Prace ¢. 8 je ptipadovou studii, ktera
nastartovala pomérné velky zajem o tento ptistup
k problematice (viz tabulky citovanosti v tezich
k disertaci).

Préce €. 9 se tyka drevitych substrath. Ty jsou
pomérné dobfe prozkoumané v motském prostiedi, kde
se na nich tvoii jednoduché spolecenstvo teredolitové
ichnofacie. Daleko mensi pozornost byla dosud vénovéana
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biogennim texturam vytvorenych v dievitych substratech
v subaerickych s sladkovodnich podminkach. Obrovské
rezervy ma v tomto bod¢ neoichnologicky vyzkum; zde
je problematika zatim témé&f pln€ ponechéana pfistupu a
¢asto omezenému ¢i pouze povsechnému zajmu
entomologil, zoologl zabyvajicich se obratlovci,
malakologli ¢i mykologl. Material, ktery prace ¢. 9
popisuje, je holocenniho stafi, coz neumoznuje stanoveni
pripadnych novych ichnotaxoni. Na druhé stran¢
umoziuje tento material sledovat prechod stop na
xylickém materidlu ptes fosilizacni bariéru, a poskytuje
téz ptipadovou studii k ekologické interpretaci
spolecenstva. Navic ukazuje 1 pfechod mezi
ichnologickymi a archeologickymi objekty, jejich
hmotnou provdzanost a moznost spolecné interpretace.

Prace €. 10 je studii z mélkomotského prostiedi
svrchni kiidy ¢esko-saské kiidové panve. Souslednost
kolonizace dna in-faunou by nebyla srozumitelna bez
sledovani zmén konsistence substratu. Karbonatem
bohaté substraty mohou zvySovat svoji pevnost
vSeobecné velmi rychle a ménit tak aktualni osidleni
moftského dna. To je vSeobecné uznavany fakt, ne vzdy je
mu vSak pfi popisu ichnospolecenstev a ichnostaveb
vénovana adekvatni pozornost. V ptipadé predlozené
prace je tato pozornost zdiiraznéna 1 netradicni obrazovou
pfilohou: ikonami sledujicimi jednotlivé faze bioturbace
V Case, namisto tradi¢niho konstituentniho diagramu
ichnostavby, ktery vSak neni dobfe uzptsoben
zaznamenani pozvolnych zmén v konzistenci dna.

Prace €. 11 se zabyva ichnologii
svrchnokiidovych hlubokomotiskych ¢ervenych vrstev
(pelitt). Ty jsou vétsinou velmi slabé bioturbované a
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obsahuji malo diversifikovana ichnospolecenstva.
Existuji vSak vyjimky, které 1ze interpretovat jako mista
periodického spadu planktonu. Z toho vyplyva, ze
omezena bioturbace CORB je normaln¢ dusledkem
oligotrofie.

Prace ¢. 12 se vraci k tématu prace ¢. 9
(subaericky exponované a fluvidlné transportované kusy
drevitych substrati), tentokrat vsak z pozice archeologie.
Ukazuje se, Ze i pro archeologii je cenné ,,porozhlizet” se
po novych, dosud ptehliZzenych typech substrath, které
V sob¢& mohou skryvat dosud unikajici zaznam.

Role substratu v ichnologii — shrnuti pfinosu autora
disertace k sou¢asnému vyvoji

Pravé snaha objevit dosud prehliZzeny zaznam
vV neobvyklych resp. netradi¢nich resp. z néjakych
diivodii malo studovanych substratech je hlavnim
motivem vybranych praci. Tento vybér neni z hlediska
dosud publikovanych studii autora disertace ani zdaleka
uplny; fadu praci vSak bylo nutno vynechat, aby disertace
nepiesahla obvykly rozsah. Vybér vsak neni ndhodny.
Z velké ¢asti souhlasi s datem publikovani prace a
ukazuje tak postupny pieliv zajmu autora disertace od
star§iho paleozoika k mesozoiku, kenozoiku a recentu.
Vybér praci rovnéZ do znacné miry respektuje
statigrafickou posloupnost studovanych spolecenstev od
nejstarsiho k nejmladsimu. Ukazuje tak nartst pestrosti
substrati v geologickém Case. Zatimco na zacatku
paleozoika byly pro ¢innost organismu k dispozici
V podstaté pouze shiftgroudy, stiffgroundy a velmi malo
vyuzité rockgroundy, v geologickém case piibyly
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postupné soupgroundy, woodgroundy a nejriiznéjsi dalsi
typy bioklastl (schranky bezobratlych, kosti, listy, Supiny
aj.), pudy, hmyzi konstrukce a dalsi. Vznik téchto novych
substratl byl téméft ve vSech piipadech podminén
¢innosti bioty; soucasné vsak jejich pritomnost

Vv prostiedi pfinesla moznosti novych Zivotnich strategii.
Mezi objevenim novych substratti a novych forem
chovani tak existuje pozitivni zpétna vazba, byt se
projevuje az v ¢asech velkych (geologickych) méfitek.

V soucasné dobé¢ ptibyla v okolnim prostiedi fada
do té doby velmi vzacnych nebo dosud se
nevyskytujicich substrat (kovy, uhlikové polymery,
sklo, keramika ...) a n¢které z nich jiz maji svijj
specificky ichnologicky repertoar. Tento vztah mezi
¢lovékem vytvofenymi substraty a ¢innosti organismu
ma velky potencial v rdmci archeologie, nabizi vSak 1
mozZnosti etologickych studii a vyzkumu zaméteného na
evoluci chovani.
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Abstrakta praci, které jsou soucasti disertace

Mikulas, R. (1995): Trace fossils from the Paseky Shale
(Early Cambrian, Czech Republic). Journal of the
Czech geological Society 40 (4): 37-45.

Abstract. The Paseky Shale (Lower Cambrian, Central
Bohemia) yielded the oldest known non-marine or
brackish ichnoassemblage. It consists mostly of
fodinichnia and repichnia of endemic arthropods
Kodymirus vagans Chlupa¢ et Havli¢ek, 1965 and
Kockurus grandis Chlupac, 1996. These traces were
attributed to ichnotaxa Monomorphichnus biserialis
ichnosp. nov., M. semilineatus ichnosp. nov., M.
multilineatus Alpert, 1976, M. lineatus Crimes et al.,
1977, M. bilinearis Crimes, 1970, ?Rusophycus ichnosp.
A, ?R. ichnosp. B, ?Dimorphichnus ichnosp., and
Diplichnites ichnosp. Presence of non-arthropod fauna is
suggested only by finds of ?Bergaueria ichnosp. and
?bromalites ichnogen. indet. Except for M. lineatus and
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M. multilineatus, ichnotaxa occurring typically in the
Cambrian marine environments are not present.

Mikulas, R. (1997): Ethological interpretation of the
ichnogenus Pragichnus Chlupac, 1987
(Ordovician, Czech Republic). Neues Jahrbuch

fiir Geologie und Paldontologie, Monatshefte
1997 (2): 93-108.

Abstract. The deep, root-like burrow Pragichnus fascis
is probably an agrichnion made for obtaining methane
and hydrogen sulphide to farm endosymbiotic bacteria. It
occurred in settings of shifting sandy substrates overlying
black clay or silt. Size, morphology and the presumed
ethological function place it in the Zoophycos-Chondrites
ichnoguild. Dissolved gas was probably obtained by
active “pumping”, because disused parts of the structures
were actively back-filled. Densest populations of
Pragichnus probably correspond to periods of maximum
degassing of the underlying fine-grained, organic-rich
material. In some places, the aim of the animals was
probably to reach the black clay directly by the terminal
parts of its probes.

Mikulas, R. (2001): Modern and fossil traces in
terrestrial lithic substrates. Ichnos 8: 177-184.
Philadelphia.

Abstract. A number of biogenic processes leads to the
formation of distinctive traces in terrestrial lithic
substrates. These include: burrowing by vertebrates in
moderately lithified rocks; scraping by mammals;
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smoothing and polishing of limestone surfaces by the
locomotion of mammals; excavation by bees, wasps and
ants producing nesting and dwelling tunnels; dissolution
of limestone surfaces by terrestrial snails; endolithic
activity of fungi, algae and lichens on subaerial rock
surfaces; root corrosion etc. Processes of biochemical
weathering, biophysical erosion and enlargement of
cracks and fissures by the pressure of plant roots do not
leave distinctive traces and therefore lie outside the
ichnological realm. The fossil preservation of terrestrial
bioerosional traces is expected to be uncommon.
Nevertheless, various possible means of preservation
must be considered, such as by rapid burial by volcanic
material, by fluvial sediments, by travertine or tufa, by
loess, "conservation” in caves, case hardening of surfaces
of porous rocks, and preservation of subsoil traces below
fossil soils.

Mikulas, R., Lehotsky, T., Babek, O. (2002):
Ichnofabric of the Culm facies: A case study of
the Moravice Formation (Lower Carboniferous;
Moravia and Silesia, Czech Republic). Geologica
Carpathica 53 (3): 141-148.

Abstract. Overall bioturbation of sediments of the Culm
facies is much lower compared to the Mesozoic and
Cenozoic flysch facies. Totally reworked intervals (up to
1 cm thick) occur sporadically on tops of turbidite
sequences. Much more frequently, visual equivalents of a
“mottled zone” were observed at the two studied
localities which represent a transitional facies between
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“laminites” and greywacke bodies. Approximately one-
half of the studied turbidite beds show a mottled level.
Planolites montanus Ichnofabric and Rhizocorallium
Ichnofabric are infrequent. Most of the laminites show no
ichnofabric except cross sections of Dictyodora which
are typically observed on bedding planes only (not in
vertical sections). The Culm facies appears, compared to
the Mesozoic and Cenozoic flysch (i.e., Rhenodanubian
or Carpathian flysch), to have formed in more dynamic
settings with shorter and unequally distributed
colonization windows and, moreover, with a low nutrient
influx from the background sediment. This explains the
prevalence of traces with complex feeding strategies
comprising chemosymbiosis and gardening (Chondrites,
Dictyodora). Their effect on the integrity of sediment
(i.e., the amount of transported material) was weak.

Babek, O., Mikula$, R., Zapletal, J., Lehotsky, T.
(2004): Combined tectonic-sediment supply-
driven cycles in a Lower Carboniferous deep-
marine foreland basin, Moravice Formation,
Czech Republic. International Journal of Earth
Sciences 93 (2): 241-261.

Abstract. The Lower Carboniferous Moravian-Silesian
Culm Basin (MSCB) represents the easternmost part of
the Rhenohercynian system of collision-related, deep-
water foreland basin (Culm facies). The Upper Viséan
Moravice Formation (MF) of the MSCB shows a distinct
cyclic stratigraphic arrangement. Two major asymmetric
megacycles bounded by basal sequence boundary, each
about 500 to 900 m thick, have been revealed. The
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megacycles start with 50- to 250. m thick, basal segments
of erosive channels: overbank successions and slope
apron deposits interpreted as lowstand turbitite systems.
Palaeocurrent data show two prominent directions, basin
axis-parallel, SSW-NNE directions, which are abundant
in the whole MF, and basin axis-perpendicular to
oblique, W-E to NW-SE directions, which tend to be
confined to the basal parts of megacycles or channel-lobe
transition systems in their upper parts. Based on the
facies characteristics, palaeocurrent data, sandstone
composition data and data on distribution of trace fossils,
we suggest a combined tectonics-sediment supply —
driven model for the MF basin fill. Periods of increased
tectonic activity resulted in slope overstepping probably
combined with increased rate of lateral W-E sediment
supply into the basin, producing the basal sequence
boundary and the subsequent lowstand turbidite systems.
During subsequent periods of tectonic quintessence, the
system was filled mainly from a distant southern point
source, producing the thick, low efficiency turbidite
systems. Consistently with the previous models, our own
sediment composition data indicate a progressively
increasing sediment input from high-grade metamorphic
and magmatic sources up-section, most probably related
to an uplift in the source area and progressive unroofing
of its structurally deeper crustal parts. The first
occurrence of the Cruziana-Nereites Ichnofacies in sand-
rich turbitite systems in the youngest parts of the MF,
supported by rapidly increasing quartz concentrations in
sandstones, is thought to indicate a transition from
generally underfilled to generally overfilled phase in
evolution of the MSCB basin. This transition may be
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linked to the onset of Upper Viséan phase of northward
basin-fill progradation assumed by the previous authors.

Mikulas, R., Genise, J. F. (2003): Traces within traces.
Holes, pits and galleries in walls and fillings of
insect trace fossils in paleosols. Geologica Acta 1:
339-348.

Abstract. Fossil insect nests with constructed walls
(ichnogenera  Uruguay = ROSELLI 1938,
Palmiraichnus ROSELLI 1987, Rosellichnus
GENISE and BOWN 1996), as well as fossil
brood masses from dung beetles (Monesichnus
ROSELLI 1987) often display pits or galleries
made by inquilines, parasitoids, cleptoparasites
and scavengers, which develop and/or feed inside
them. Some of these “traces within traces” can be
distinguished, using morphologic criteria, as
separate ichnotaxa. Tombownichnus n. igen. is
represented by circular to subcircular holes or
paraboloid external pits occurring in discrete
walls of chambers made of agglutinated soil
material. T. plenus n. isp. consists of a complete
perforation, mostly cylindrical in longitudinal
section, which pierces whole thickness of the cell
wall. Tombownichnus parabolicus n. isp. includes
incomplete perforations, i.e. pits, parabolic, conic
or subcylindrical in longitudinal section, on the
external surface of the chamber wall. Lazaichnus
fistulosus n. igen., n. isp. is composed of circular
to subcircular holes occurring in constructed walls
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of chambers made of agglutinated soil material,
which are connected to an internal gallery in their
infillings. The trace fossils described herein may
be the first formal records of this hitherto
neglected but promising field of ichnologic
research.

Bertling, M., Braddy, S. J., Bromley, R. G., Demathieu,
G. R,, Genise, J., Mikula§, R., Nielsen, J. K.,
Nielsen, K. S. S., Rindsberg, A. K., Schlirf, M.,
Uchman, A. Names for trace fossils: a uniform
approach. Lethaia 39: 265-286.

Abstract. The taxonomic treatment of trace fossils needs
a uniform approach, independent of the ethologic groups
concerned. To this aim, trace fossils are rigorously
defined with regard to biological taxa and physical
sedimentary structures. Potential ichnotaxobases are
evaluated, with morphology resulting as the most
important criterion. For trace fossils related to bioerosion
and herbivory, substrate plays a key role, as well as
composition for coprolites. Size, producer, age, facies
and preservation are rejected as ichnotaxobases. Separate
names for undertracks and other poorly preserved
material should gradually be replaced by ichnotaxa based
on well-preserved specimens. Recent traces may be
identified using established trace fossil taxa but new
names can only be based on fossil material, even if the
distinction between recent and fossil may frequently
remain arbitrary. It is stressed that ichnotaxa must not be
incorporated into biological taxa in systematics.
Composite trace fossil structures (complex structures
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made by the combined activity of two or more species)
have no ichnotaxonomic standing but compound traces
(complex structures made by one individual tracemaker)
may be named separately under certain provisions. The
following emendations are proposed to the International
Code of Zoological Nomenclature: The term ‘work of an
animal’ should be deleted from the code, and ichnotaxa
should be based solely on trace fossils as defined herein.

Mikulas, R., Kadlecova, E., Fejfar, O., Dvoték, Z. Three
new ichnogenera of biting and gnawing traces on
reptilian and mammalian bones: A case study
from the Miocene of the Czech Republic. Ichnos:
an International Journal of Plant and Animal
Traces 13 (3): 113-127.

Abstract. The Ahnikov (Miocene, Czech Republic) site
represents a concentration of vertebrate skeletal remains
in a swamp setting. Autochthonous bone deposits were
strongly altered by sedimentary processes and early
diagenesis. Biting and gnawing traces recognized on hard
animal tissues (bones, teeth, antlers, turtle thoraces)
represent seven recurring morphotypes. The following
ichnotaxa are erected: Nihilichnus nihilicus n. igen. et n.
isp., Nihilichnus mortalis n. isp., Machichnus regularis
n. igen. et n. isp., Machichnus multilineatus n. isp.,
Machichnus bohemicus n. isp., and Brutalichnus brutalis
n. igen. et n. isp. Each kind of bones or similar substrates
bears a specific proportion of various bite traces but no
observed morphotype is specific for a single substrate.
Ethologically, traces of sharpening of teeth are
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principally different from predation traces. The beavers
Steneofiber eseri and Steneofiber depereti, the carnivore
Amphicyon sp. and the crocodiles are presumed as the
tracemakers.

Mikulas, R. (2008): Xylic substrates at the fossilisation
barrier: oak trunks (Quercus sp.) in the Holocene
sediments of the Labe River, Czech Republic. —
In: Wisshak M. & Tapanila L. (Eds.): Current
developments in bioerosion: 415-429. Springer.
Berlin, Heidelberg.

Abstract. Sediments of the Holocene floodplain of the
Labe River (central Bohemia) provided an accumulation
of oak trunks (Quercus sp.) bearing relatively rich and
diverse assemblages of borings. Among the recognised
morphotypes of borings, four can be attributed to insect
feeding, one resulted probably from an enzymatic fungal
activity, and the last one is probably a mammal “scratch”.
The borings record three phases of activity: (1) on living
trees, (2) on dead trees before their burial by sediment,
and (3) on re-buried trunks (i.e., during the last several
years). Generally, the wood mass comes mostly from
live, “healthy” floodplain forests, which shows that these
were affected by extremely large floods during certain
intervals of the Holocene. The borings found support the
idea of erecting terrestrial wood ichnofacies, but the
Holocene material itself is not suitable for these
purposes.
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Mikulas, R. (2006): Ichnofabric and substrate
consistency in Upper Turonian carbonates of the
Bohemian Cretaceous Basin (Czech Republic).
Geologica Carpathica 57 (2): 79-90.

Abstract. : Basal bed of the Upper Turonian sediments at
the Upohlavy Quarry, corresponding to clayey limestone
in its character, bears obvious signs of rapid lithification
from softground to firmground (Ophiomorpha —
Thalassinoides — Spongeliomorpha). Immediately before
reaching the firmground stage, the substrate was
colonized by tracemakers of chemichnia (Chondrites).
Biogenic reworking of the overlying, irregularly
rhythmically bedded limestone/marlstone beds does not
fit the idea that the differences between the limestone and
marlstone ichnofabrics are due to primary fluctuations in
oxygen content in water and in sediments.
Documentation of a section of approx. 10-13 m above
the base of the succession revealed that bioturbation
down to the depth of ca. 20 cm is more intensive in beds
with higher calcium carbonate content (Thalassinoides
often passively filled with clay-richer substance and
subsequently colonized by Chondrites tracemakers).
Beds with lower calcium carbonate content are usually
dominated by Chondrites but Thalassinoides,
Palaeophycus and Phycodes are also present. These
differences in ichnofabrics rather indicate a different
succession of colonization (marls — Chondrites followed
by Thalassinoides; calcareous beds — Thalassinoides
followed by Chondrites filling the Thalassinoides
burrows). The decisive factor was therefore the
consistency of the substrate and its increase through time
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after depositional events, and the content of primary
organic matter widely used by the “homogenizers” of
marly substrates. After a partial compaction, the substrate
was utilized by less demanding r-strategic substrate
feeders (tracemakers of ichnogenus Phycosiphon) and
lastly by chemosymbionts, which made successful use
also of the trapping potential of abandoned domichnia.
This situation (i.e., high concentration of fluids in
abandoned tunnels) also evidences a considerable
compaction and rapid diagenesis of limestones, allowing
even surfaces of limestone beds to function as
firmgrounds.

Mikulas, R., Skupien, P., Bubik, M., Vasicek, Z. (2009):
Ichnology of the Cretaceous Oceanic Red Beds
(Outer Western Carpathians, Czech Republic).
Geologica Carpathica 60 (3): 233-250.

Abstract. Large differences in the intensity and overall
character of bioturbational structures were found in five
facies containing hemipelagic red beds. Red beds
(CORB) of the Godula facies of the Silesian Unit and
their equivalents (mostly not red) in the Kel¢ facies of the
Silesian Unit and the CORB in the non-calcareous
sediments of the Raca Unit display a very low degree of
bioturbation. The CORB facies of the Raca Unit,
containing calcareous intercalations, displays a very high
degree of bioturbation as expressed by a high ichnofabric
index. They contain trace fossils Chondrites, Zoophycos,
Planolites, Thalassinoides, Palaeophycus, Teichichnus
and Phycosiphon. The supply of food obviously acted as
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the controlling factor. The “calcareous” facies of the
CORB of the Raca Unit has a considerably higher
proportion of sand-dominated interbeds and also
carbonates than the non-calcareous facies. This
(especially the presence of carbonates) suggests a relative
proximity of food-rich environments and an easy
transport of nutrition-rich substrate by turbidite currents
into the basin directly, not only by periodical fall-out of
dead plankton (which is probably responsible for the
rhythmicity of poor colonization horizons in weakly
bioturbated units).

Dreslerova, D., Mikulas, R. (2010): An early medieval
symbol carved on a tree trunk. Pathfinder or
territorial marker?. Antiquity 84 (326): 1067-
1075.

Abstract. A carved symbol on a waterlogged tree of the
six—ninth century AD was discovered in a rich
ichnological and tentative geologic context. It may be the
earliest mark on a living tree that has so far come to light.
Given its rarity, an obvious interpretation remains
elusive, but the authors review a wide range of
possibilities from analogies ancient and modern. Symbols
on trees have been used to mark trails, the ownership of
land and resources, and all manner of votive moments
from superstitious sign-making, worship of a god, thanks
for a successful hunt or the memory of a loving tryst.
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