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ABSTRACT

Seventy years after its publication Krdusel’s review of fossil conifer woods is still among the most quoted references in
this field. Several of his earlier contributions are foundational works, but they have largely been overlooked, which has
led to some misinterpretations. We reviewed the taxonomy and nomenclature of the eight genera Krdusel described
for fossil conifer wood. Two of them should not be used. The genus Protophyllocladoxylon is neotypified. Several
synonymies are proposed and the way Kréusel used generic names is briefly discussed.

Keywords: fossil wood; Circoporoxylon; Paradoxoxylon; Protophyllocladoxylon; Prototaxoxylon.

INTRODUCTION

Richard Krdusel is well known to the fossil wood community, his 1949 review entitled “Die fossilen Koniferen-Hélzer (Unter
Ausschluf$von Araucarioxylon Kraus). II: Kritische Untersuchungen zur Diagnostik lebender und fossiler Koniferen-Hoélzer” (The
fossil conifer woods (except Araucarioxylon Kraus). II. Critical investigations on the diagnosis of living and fossil coniferous
woods — all German titles translated by us) is still among the most quoted publications for fossil conifer woods. Largely based
on previous, but less well-known papers, the 1949 review is a meta-analysis. It did not describe new material, but up-dated
a previous bibliographical survey (Krdusel 1919a) and synthesized contributions where Kréusel had explained his taxonomic
positions (Kréusel 1913, 1917, 1918, 1919b, 1920a—c). It is unfortunate that these older papers have largely been overlooked as
they are where Kréausel introduced the wood anatomical terminology he used, in particular, his cross-field pit classification.

Despite having been trained as a botanist, Krdusel sometimes did not adhere to the International Code of Nomenclature
for algae, fungi, and plants (ICN; Turland et al. 2018) (Kriusel 1913, 1949). Krdusel developed generic names for plant fossils
based on his hypothesis of the fossil’s phylogenetic affinity, combined with a suffix based on the fossil organ (e.g., Piceoxylon
for fossil wood he thought to be similar to wood of Picea). This method of naming fossil woods was then common (Kraus
1870; Tuzson 1911) and is not against the nomenclatural rules. The problem is that he also considered etymology as diagnostic
(Philippe & Bamford 2008). In a sense, Krdusel’s 1949 contribution reflects the casual relationship to the ICN typical of several
earliest-twentieth century palaeobotanists had (e.g., Gothan 19o5; Tuzson 1911; Krdusel 1913, 1917). They were little concerned
by nomenclatural rules since it was clear for them that “fossil taxa” did not need to be regarded as “real taxa” (Bateman &
Hilton 2009).

Eight generic names were published by Krdusel for fossil conifer woods: 1) two were substitute names (Arctoxylon and
Prototaxoxylon); 2) two (Circoporoxylon and Palaeopiceoxylon) were proposed for species that Kriusel considered to be in-
correctly assigned to the genera Podocarpoxylon and Piceoxylon respectively; 3) one (Suevioxylon) was based on material that
was determined to differ from the generic diagnosis (Philippe & Gromyko 2007); 4) a sixth genus, Archaeoxylon, supposed
to be a Precambrian tracheophyte, after its publication was used only by uncritical listings of names like that of Andrews
(1955); 5) Protophyllocladoxylon is suspected to be a taxonomic synonym of Metapodocarpoxylon Dupéron-Laudoueneix &
Pons (Kriusel 1939; Philippe et al. 2003; Zijlstra & Philippe 2020); and 6) Paradoxoxylon has a circumscription that was ques-
tioned by Selmeier and Grosser (1980).

Herein we present a taxonomic and nomenclatural reappraisal of the fossil conifer wood genera Krausel published. We
searched for the original material in his collection at the Senckenberg Museum in Frankfurt am Main as well as elsewhere.



We summarize the current taxonomic and nomenclatural status of these genera and propose solutions, including the choice
of aneotype. This is a further step towards our goal to update Krausel's 1949 key for fossil conifers (Bamford & Philippe 2001;
Philippe 2002; Philippe & Cantrill 2007; Philippe & Bamford 2008; Philippe & Hayes 2010).

MATERIAL AND METHODS

The available literature was reviewed in order to list all of Krdusel’s publications dealing with fossil conifer woods some
of which were published in obscure journals. At the Senckenberg Museum, Frankfurt am Main, we especially scanned the
collection of Kriusel's separates, including a collection of all the reports he published on botanical and palaeobotanical
publications as part of a bibliographical survey (“Referate” in German).

We previously reviewed the types of two of Krdusel's genera: Arctoxylon (Philippe & Cantrill 2007) and Suevioxylon
(Philippe & Gromyko 2007). In the Tohoku University Museum in Sendai (Japan), we reviewed the type of Palaeopiceoxylon.
We searched the Senckenberg Museum collections in Frankfurt (Germany) for other holotypes of Krdusel. The repositories
for Paradoxoxylon, Prototaxoxylon and Suevioxylon types were clearly identified by Kriusel, and the collections still hold
these types (respectively Naturhistorisches Museum, Basel, Switzerland; South African Museum, Iziko, South-Africa; and
Staatliches Museum fiir Naturkunde Stuttgart, Germany). However, the locations of the types of Archaeoxylon and Protophy!-
locladoxylon were not specified.

In addition to the eight genera mentioned above, Kriusel (1917) also published a suprageneric taxon for conifer woods,
the Protopinaceae. Moreover, he established several genera for woody axes associated with primary tissues, e.g., Taeniopitys
(Kréusel 1962; Krdusel et al. 1962). We will not discuss these genera. At the time of its publication, the Protopinaceae had no
nomenclatural status, as this rank was not considered in the ICBN for fossils. It was determined that the Protopinaceae, from
both a nomenclatural and taxonomic point of view, should not be used (Bamford et al. 2016).

The layout for each genus is copied from the ING, Index Nominum Genericorum (Farr, E. R,, and G. Zijlstra, eds. Index
Nominum Genericorum (Plantarum). 1996+ (http://botany.si.edu/ing, accessed in November 2019), with some minor modi-
fications. All photographs are untouched.

RESULTS

When checking Krdusel’s separate collection we found that the list of his publications compiled by Dilcher and Schaarschmidt
(1992) is complete as far as fossil wood is concerned. What is less known is that from 1917 to 1965 Kriusel wrote hundreds
of reports on botanical and palaeobotanical publications. These reports were published in Botanisches Centralblatt, Natur-
wissenschaftliche Wochenschrift, Zelle und Gewebe, Zentralblatt fiir Geologie und Paldontologie and, mostly, in Neues Jahrbuch
fiir Mineralogie, Geologie und Paldontologie. Krausel’s first reports were concise and factual. However, later he provided com-
mentary, gave his opinion about the publications, and developed his own ideas therein. The whole collection is an amazing
diary of palaeobotany between 1917 and 1964. In our case, these reports are of special interest to follow his thoughts about
fossil woods. For example, while reporting on Boureau’s 1949 paper, Kréusel (1952) still considered etymology as critical for
diagnostic purposes and that a name indicated affinities and implied the taxon had features consistent with that name. As
an example of this, he stated that Cupressinoxylon abrardii Boureau would have been better assigned to Taxodioxylon Hartig
because it was more like the wood of Taxodium than that of Cupressus.

We did not manage to find any of Krdusel's material that we were looking for in the Senckenberg collections at Frankfurt
am Main. In1944 most of Krdusel’s collection was moved to a castle in the Wetterau that was shelled intensively in March 1945.
According to Dilcher and Schaarschmidt (1992), Krdusel said that he found only debris and melted glass afterward. Therefore,
it is highly probable that there is nothing left of the Archaeoxylon and Protophyllocladoxylon types.

Results are summarized in Tables 1 and 2 at the end of this section.

Archaeoxylon R. Kriusel, Naturwiss. Z. Lotos 72: 36. 1924
Type

Archaeoxylon krasseri R. Krdusel. Type material is lost. We have not been able to locate any specimens in the palaeobotan-
ical collections of the Senckenberg Museum in Frankfurt, or in Prague from where the studied material came (Jifi Kvacek
pers. comm.).

Nomenclatural status
The ING considers this genus as validly published. There is, however, no real diagnosis, only a mere descriptio generica
specifica. The features that distinguish this species and genus from any other fossil wood genus are not listed and the figures do
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not show any distinctive features. There is a plate with eight figures but illustrating only tracheids and rounded intertracheary
bordered pits. Rays are said not to have been observed.

The original material was recovered during exploratory drilling for coal. A thin schistose and bituminous layer was dis-
covered within a level supposed to be Precambrian in age. This layer included the woody remains that Kridusel described
as Archaeoxylon, as well as fragments of a ginkgoalean cuticle (Krdusel 1924b). It is probable that the bituminous layer was
forced into its present-day position from a younger (Mesozoic?) level by faulting, or more simply, that these plant remains
are just contamination from overlying Cenomanian strata.

Apart from some uncritical indices (Andrews 1955), the most recent publication discussing the genus is that of Greguss
(1961).

This genus has no diagnosis using distinctive secondary xylem features and no type material. It is not justified to propose
aneotype. Thus, it is better that it not be used. Furthermore, Archaeoxylon krasseri cannot be used to infer the occurrence of
Tracheophytes in the Precambrian due to the probable erroneous age.

Arctoxylon R. Kriusel, Palacontographica, Abt. B, Paldophytol. 89: 186. Oct. 1949
Type

Arctoxylon magnoradiatum (Gothan) R. Krdusel (Anomaloxylon magnoradiatum Gothan). Lectotype designated from
Nathorst’s material in Stockholm at the Swedish Museum of Natural History by Philippe and Cantrill (2007) (SMNH, 51665).

Nomenclatural status
This is a replacement name for Anomaloxylon Gothan, non Felix (ICN, art. 6.11).

Taxonomy

The study of its lectotype indicated that Arctoxylon magnoradiatum is a taxonomic synonym of Cedroxylon transiens
Gothan and Protocedroxylon araucarioides Gothan (Philippe & Cantrill 2007).

The taxonomic relationships between Protocedroxylon Gothan and two similar genera, Araucariopitys Hollick & Jeffrey
and Planoxylon Stopes, were later clarified by Philippe and Hayes (2010). As Protocedroxylon and Araucariopitys are not tax-
onomic synonyms and Cedroxylon Kraus is not a legitimate name, the species that includes Arctoxylon magnoradiatum, C.
transiens, and P. araucarioides has to be named by using the first epithet validly published for it: Protocedroxylon lindleianum
(Witham) Edwards (Philippe & Hayes 2010). Thus, the generic name Arctoxylon R. Krdusel is a later heterotypic synonym of
Protocedroxylon Gothan.

Circoporoxylon R. Kriusel, Palaeontographica, Abt. B, Paldophytol. 89: 115. Oct. 1949
Lectotype
C. priscum (W. Prill) R. Krdusel (Podocarpoxylon priscum W. Prill) (vide R. Krdusel et K. P. Jain, Palaeobotanist 12: 62. Mar
1964; note that Andrews’ treatment of the genus was erroneous in both 1955 and 1970, vide etiam Philippe & Bamford 2008).
Podocarpoxylon priscum Prill in R. Krdusel is a legitimate name for “[ Cupressinoxylon ponderosum]” which Géppert ef-
fectively published in 1850, but without validation by an accompanying description or diagnosis (ICN, art. 38.1). Goppert
(1850) quoted five localities for “| Cupressinoxylon ponderosum]’, and thus must have examined at least five specimens. Prill
(in Kréusel 1919b) based the name Podocarpoxylon priscum on a specimen from Patschkau (now Paczkow, Poland); thus, this
specimen can be considered as the holotype for Podocarpoxylon priscum. Dolezych (in Junge et al. 2005) identified a specimen
from the University of Wroctaw Geology Museum as the type for Circoporoxylon priscum.

Nomenclature

Circoporoxylon was validly described in 1949 by Krdusel, but lectotypified later (Krdusel & Jain 1964). The C. priscum type
material was later selected as type for Doliostroboxylon priscum (Prill) M. Dolezych in F. W. Junge et al. (Junge et al. 2005),
which makes Circoporoxylon Krausel an earlier homotypic synonym of Doliostroboxylon.

Taxonomy
Philippe and Bamford (2008) did not publish a comprehensive treatment of the genus Circoporoxylon. Their key was in-
tended for Mesozoic woods and consequently did not compare Circoporoxylon to the similar Glyptostroboxylon Conwentz,
which is reported only from the Tertiary. As both have small round cross-field pits in the earlywood cross-field, Circoporoxylon
and Glyptostroboxylon are often confused. Much of the confusion originated from a misunderstanding of the term “glyp-
tostroboid” which Kréusel (1949) did not illustrate nor define, only referring to Bailey and Faull (1934, figs 39, 43). However,
Krdusel twice previously illustrated what he considered to be glyptostroboid cross-field pits (1917, fig. 9d; 1920¢, pl. 38 fig. 5;
here reproduced as Fig 1). We found that, except for Kréusel, and Bailey & Faull, before 1949 only Rudolf (1935) and Witasek
(1941) used the term “glyptostroboid”, but with a definition different from that of Krausel. Krdusel (1949) did not reference
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Figure 1. Reproductions of Krausel’s illustrations for the term “glyptostroboid” in 1917 (left) and in 1920 (right) (Krdusel 1917, 1920c). Wood
anatomists are warned that alteration, particularly by fire (Gerards et al. 2007), generally broadens cross-field pit apertures making arau-
carioid cross-fields look like glyptostroboid ones (see e.g., Siifl & Schultka 2001).

Figure 2. Type of Palaeopiceoxylon transiens (Shimakura) R. Kriusel, sample 5840 in Tohoku University Museum, Sendai, Japan: (a) trans-
verse section with an axial resin canal, scale bar 150 um; (b) tangential section with radial resin canals in fusiform rays, scale bar 150 um;
(c) radial section, ray with marginal tracheids, scale bar 75 um.

Witasek. Our search across Krdusel's bibliographical survey (“Referate”, see above) also failed to find any mention of Witasek,
which may possibly be explained by WW II. Kréusel (1949) knew Rudolf’s paper from 1935 and quoted it, but Krdusel does
not refer to his definition and illustration of glyptostroboid. It is clear that when using Krdusel’s key (1949: 151, couplet 10) for
distinguishing Glyptostroboxylon one should refer to Kréausel’s figures as reproduced here (Fig. 1). This term is not in the IJAWA
list of microscopic features for softwood identification (IAWA Committee 2004), although it is used by some wood anatomists
(Dolezych & van der Burgh 2004, Teodoridis & Sakala 2008). The genus Circoporoxylon was reappraised by Tian et al. (2020).

This genus appeared during the Early Jurassic in southern Gondwana and spread to the northern hemisphere during the
Middle Jurassic, possibly through a Gondwanan terrane that accreted to Asia (Tian et al. 2020).

Palaeopiceoxylon R. Kriusel, Palaeontographica, Abt. B, Paldophytol. 89: 127. Oct 1949
Type

P. transiens (M. Shimakura) R. Krdusel (basionym Piceoxylon transiens M. Shimakura).

The type of this species is in the Tohoku University Museum, Sendai, Japan, under accession number 58450. It was recently
illustrated by Kim et al. (2005). Three additional views are given here (Fig. 2). Figure 2c shows marginal ray tracheids, which
were previously shown in a sketch by Shimakura (1937). Nishida & Nishida (1995) described additional material of this species.

Nomenclature
No nomenclatural problems have been recognized for this genus, although it belongs to a taxonomically complex group.

Taxonomy
This genus belongs to a group of woods with “Abietineentiipfelung” (sensu Gothan, i.e. with pits in the ray cell cross walls,
see Mantzouka et al. 2017) and an araucarian to mixed type of radial intertracheary pitting (Pinuxylon Knowlton, Protoce-
droxylon Gothan, Pseudotsugoxylon N.I. Blokhina & O.V. Bondarenko). Most of these genera have some species with features
intermediate between the genera. This group urgently needs a taxonomic revision, but this is beyond the scope of the present
paper. Among these genera, the Palaeopiceoxylon type material is similar to that of Protocedroxylon.
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Paradoxoxylon R. Kriusel in R. Kriusel et G. Leschik, Schweiz. Palaeontol. Abh. 71(2): 25.1955
Type

Paradoxylon leuthardtii R. Krausel (‘leuthardti’). The type material is in the Naturhistorisches Museum Basel (Switzerland)
under the accession number B.208 (the specimen and six slides belonging to it). This material was later studied by Siiff (1992)
and Stiff and Steiner (1992).

Nomenclature
Vogellehner (1966a) demonstrated that a specimen that Kraus (1882) identified as Protopitys buchiana Goppert is a Para-
doxoxylon. This has no implications on nomenclature as Kraus’ identification was erroneous.

Taxonomy

Selmeier and Grosser (1980) emended the genus diagnosis and included in the genus some species that had features not
mentioned in the original diagnosis (distinct growth ring boundaries and partly biseriate rays). Paradoxoxylon belongs to
the small group of pre-Cretaceous homoxylous woods with some scalariform pitting (Zheng et al. 2005; Philippe et al. 2010).
Its distribution is limited, both geographically (Germany, Switzerland) and stratigraphically (Keuper, Upper Triassic). Some
authors (Vogellehner 1967, Siiff 1992) have suggested the genus may be related to the Bennettitales, but there is no convincing
evidence to support this assertion.

Protophyllocladoxylon R. Kriusel, Abh. Bayer. Akad. Wiss. Math-Naturwiss. Abt. ser. 2. 47:16. t. 3, f. 3; t. 4, f. 1—5. Post May
1939
Type

Protophyllocladoxylon leuchsii R. Krdusel (‘leuchsi’) is the type of the genus. The type material was collected in 19111912 by
the Austrian geologist Kurt Leuchs (1881-1949), Privatdozent at the University of Munich. Its provenance is described as being
the foothills of the “Djebel Dabadib”, north of “Charge” (today Kharga or El-Kharga), Egypt, and from what geologists then de-
scribed as the Nubian Sandstone (Leuchs 1913; Stromer 1924; Storz in Stromer et al. 1933; Krdusel 1939). The accession number
given by Kriusel (1939) is “Mii1020”; earlier Krdusel (1924a) indicated that the prefix “Mii” stands for “Paldntologische Staat-
sammlung Miinchen”. However, the material cannot be traced in today’s holdings of the SNSB — Bayerische Staatsammlung
fiir Paldontologie und Geologie in Munich (Michael Krings, pers. comm.), and also not in the collections of the Senckenberg
Museum in Frankfurt am Main. Therefore, the type material for P. leuchsii has to be considered as lost and therefore could be
replaced (Zijlstra & Philippe 2020).

Nomenclature

Krdusel (1939) noted that P. leuchsii is similar to Mesembrioxylon libanoticum Edwards. However, this later wood, the type
for Metapodocarpoxylon Dupéron-Laudoueneix & Pons 1985, clearly differs from Protophyllocladoxylon in having both fen-
estriform (window-like) and podocarpoid pits in earlywood cross-fields. Recent studies of woods from the P. leuchsii type
locality have found only Agathoxylon and Metapodocarpoxylon (Youssef et al. 2000; Youssef & El-Saadawi 2004; El-Saadawi et
al. 2020). All of the Protophyllocladoxylon species that were described from the Mesozoic of North-Africa and the Middle-East
were transferred to Metapodocarpoxylon (Dupéron-Laudoueneix & Pons 1985; Table 1), a genus that is now well established
(Bamford et al. 2002; Philippe et al. 2003, 2004). Keeping Protophyllocladoxylon leuchsii as the type for Protophyllocladoxylon
is thus problematic for the stability of nomenclature. A proposal to conserve Protophyllocladoxylon with P. dolianitii Mussa as
the conserved type has thus been submitted by Zijlstra and Philippe (2020). The type material for Protophyllocladoxylon do-
lianitii Mussa is kept in the National Department of Mineral Production, Geology and Mineralogy, in Rio de Janeiro (Brazil),
under number 759 (Mussa 1958). The slides (numbers 451, 452, 453, 454, 566, 567, 568, and 569) are part of the fossil wood
collection of the Division of Geology and Mineralogy (Crisafulli, pers. comm.).

Taxonomy

Kriusel's diagnosis described Protophyllocladoxylon as with araucarian radial intertracheary pitting. Since woods with a
rather mixed type of intertracheary pitting were later included in this genus (Schultze-Motel 1961; Vogellehner 1966b) the
homogeneity of the genus was questioned by Marguerier (1977) and several authors since then, e.g., Fletcher et al. (2014) and
Wan et al. (2019).

Prototaxoxylon R. Kriusel et E. Dolianiti, Palaeontographica, Abt. B, Paldophytol. 104: 126. Aug 1958
Type

Prototaxylon africanum (J. Walton) R. Krdusel et E. Dolianiti (Spiroxylon africanum J. Walton). The type material is
SAM294s5 in the South African Museum, Iziko, RSA.



Nomenclature
This is a replacement name for Spiroxylon J. Walton, non T. Hartig. Walton’s type was restudied by Kriusel and Dolianiti
(1958) and Bamford (1999), the latter providing more detailed and clearer illustrations.

Taxonomy

Although some woods with a mixed type of radial intertracheary pitting have been assigned to Prototaxoxylon (Fakhr
& Marguerier 1977), it seems wiser to limit the genus to the woods with only araucarian radial intertracheary pitting, as
in the type P. africanum and in accordance with the original diagnosis, which states “radial pits never perfectly round or
opposite” (Philippe 1995; Philippe et al. 2019). Consequently, this genus should not be used for woods with a mixed type of
intertracheary pitting. The genus is characterized by longitudinal tracheids with thick helical thickenings at a 30°-40° angle
with the axis. Several Mesozoic woods belong to Prototaxoxylon. They are limited to Gondwana, where they mostly occur at
high palaeolatitudes (Table 3 and Appendix in Philippe et al. 2019).

Suevioxylon R. Kriusel, Senckenbergiana 10: 253. 15 Dec 1928
Type

Suevioxylon zonatum R. Kréusel. The type material is in the Staatliches Museum fiir Naturkunde Stuttgart (Germany), with
accession number P1035. Philippe and Gromyko (2007) found that its features do not match Kriusel’s diagnosis.

Taxonomy

This wood was once thought to be a dicotyledon of Jurassic age and was listed as such in Andrews (1970) and it is still
so listed in the Index Nominum Genericorum (ING, https://naturalhistoryz.si.edu/botany/ing/, accessed 15 December 2019).
However, it is a poorly preserved conifer. Kriusel (1956) admitted that Suevioxylon’s relationship with dicotyledons was “not
safely proven’, and later realized that he should not have published on this poorly preserved material (Kriusel, cited by An-
drews 1980).

This monospecific genus should be forgotten, and the name should not be used.

DISCUSSION

The main contribution of Krausel on fossil conifer wood is the synthesis he published in 1949. In many respects, it is a synthesis
and update on a set of his papers published from 1913 to 1920. Kréusel’s thesis (1913), entitled “Beitrdge zur Kenntnis der Holzer
aus der schlesischen Braunkohle” (Contributions to the knowledge of woods from Silesian lignite), was much influenced by
Gothan. In 1917 Kréusel published his own wood anatomical Credo “Die Bedeutung der Anatomie lebender und fossiler Holzer
fiir die Phylogenie der Koniferen” (The significance of the anatomy of extant and fossil wood for the phylogeny of conifers).
The similarity of the title to Jeffrey’s 1905 paper (The comparative anatomy and phylogeny of the conifers) to Kraiisel’s 1917
paper might indicate that Kraiisel was influenced by the American school of wood anatomists led by Jeffrey. However, similar
wording has been used over the years (Jarmolenko 1933; Boureau & Marguerier 1987).

In 1918 Kréusel gave his first system of fossil conifer wood classification in “Einige Bemerkungen zur Bestimmung fossiler
Koniferen-Holzer” (Some remarks on the identification of fossil conifer woods) where he explicitly related each fossil wood
genus to either a single or a group of living conifer genera. The 1919 review does not add much about fossil conifer taxonomy
in general but is an impressive bibliographical review of the published species. Kriusel (1920a and b) published a set of
two “Paldobotanische Notizen” (Palaeobotanical notes), the first “Nachtrige zu Zusammenstellung fossilen Koniferen Holzer”
(Supplements to the compilation of fossil conifer woods) completed the 1919 review, while the second “Zur Bestimmung
fossiler Koniferenhélzer” (On the determination of fossil conifer wood) outlined a more sophisticated classification system of
fossil softwood. It included a key, with a first dichotomy stating: (i) wood without relationships to living forms vs. (ii) wood
related to living forms. This is typical for the way palaeobotanists approached fossil wood nomenclature and taxonomy at
that time. After 1920 Krdusel more sporadically worked on fossil conifer woods (Dilcher & Schaarschmidt 1992), although he
still published important contributions on fossil angiosperms and was incredibly productive in other fields of paleobotany.

Kriusel several times complained about the misuse of fossil wood genera, in particular of Mesembrioxylon Seward (Krdusel
1949). He regarded the creation of new fossil conifer wood genera as useless (Krdusel 1951, about Simplicioxylon Andreanzsky)
or stated the lack of knowledge of the literature (e.g., Krdusel 1952, about several of Boureau’s papers). This might have stim-
ulated him to update his 1917-1920 papers and to merge them in a synthesis (Kréusel 1949), which was a milestone in the
history of fossil conifer wood research.

Kréusel’s wood anatomical manuscripts typically suggest that he tried to fit his observations into the intellectual schemes
he had developed from the study of the literature about both extant and fossil conifer wood, of which he had an outstanding
knowledge. From his very first work on fossil conifer wood for his thesis, Krdusel had a “bibliographical first” approach.
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Table 2.

Summary of the results about the genera for fossil conifer woods described by Kréusel.

Genus name Nomenclatural status Type Taxonomy
Archaeoxylon Validly published Lost Minimal protologue, incomplete
description and lost type
prevent to use this genus
Arctoxylon Substitute name for Anomaloxylon Reviewed Taxonomical synonym of
Gothan, non Felix Protocedroxylon Gothan
Circoporoxylon Validly published and legitimate Non vidi; in the Geology Museum Not to be confused with
of Wroctaw University according Glyptostroboxylon Conwentz
to Junge et al., 2005
Palaeopiceoxylon Validly published and legitimate Reviewed; 5840 in the Tohoku Close to Protocedroxylon
University Museum collection. Gothan, belongs to a group that
needs a taxonomical revision
Paradoxoxylon Validly published and legitimate Non vidi; B208 in the Diagnosis emended by Selmeier
Naturhistorisches Museum, Basel; and Grosser (1980)
reviewed by Siif (1992)
Protophyllocladoxylon Validly published and legitimate Lost; conservation with a According to Krédusel's diagnosis
conserved type is proposed to be used for woods with
exclusively or almost exclusively
araucarian type of radial pitting
of the tracheids
Prototaxoxylon Validly published substitute name Nonvidi; SAM2945 in South Vide Philippe et al.,, 2019
African Museum, Iziko, RSA;
reviewed by Bamford (1999)
Suevioxylon Validly published and legitimate P1305 in Staatliches Museum fiir Minimal protologue and

Naturkunde Stuttgart (DE);
reviewed by Philippe and

unpreserved type prevent to use
this genus

Gromiko (2007)

good taxonomist, he synthesized the existing literature in a first step and then studied new material in a second step. Krdusel
usually published the results of his literature review of fossil conifers first, with fewer publications treating new material. In
this respect, Krdusel while seeking to increase the quality of palaeoxylology, sometimes had a better knowledge of literature
than of the fossils.

ACKNOWLEDGEMENTS

This research received support from the SYNTHESYS+ Project www.synthesys.info/ which is financed by the European Commission via the H2o20
Research Infrastructure programme”. Thanks to Kim Kyungsik for having made it possible to visit the Sendai collections. We acknowledge the
help and advice of Alexandra Crisafulli, Walter Etter, Michael Krings, Jifi Kvacek, Karin Schmidt and Gea Zijlstra. The advice of reviewers Patrick
Herendeen and Jakub Sakala as well as that of editor Elisabeth Wheeler are much appreciated.

REFERENCES

Andrews HN. 1955. Index of generic names of fossil plants, 1820-1950. U.S. Geological Survey Bulletin 1013.

Andrews HN. 1970. Index of generic names of fossil plants, 1820-1965. U.S. Geological Survey Bulletin 1300.

Andrews HN. 1980. The fossil hunters in search of ancient plants. Cornell University Press, Ithaca, NY.

Bailey IW, Faull AF. 1934. The cambium and its derivate tissues. IX: structural variability in the Redwood (Sequoia sempervirens), and its
significance in the identification of fossil woods. J. Arnold Arboretum 15: 233—254.

Bamford MK. 1999. Permo-Triassic fossil woods from the South African Karoo basin. Palacontol. Afr. 35: 25—40.

Bamford MK, Philippe M. 2001. Gondwanan Jurassic-Early Cretaceous homoxylous woods: a nomenclatural revision of the genera with
taxonomical notes. Rev. Palaeobot. Palyno. 113: 287—297. DOI: 10.1016/S0034-6667(00)00065-8.

Bamford MK, Roberts EM, Sissoko F, Bouaré ML, O’Leary MA. 2002. An extensive deposit of fossil conifers from the Mesozoic of Mali.
Palaeogeography, Palaeoclimatology, Palaeoecology 186: 115-126. DOI: 10.1016/S0031-0182(02)00447-9.

Bamford MK, Philippe M, Thévenard F. 2016. Long overdue extinction of the Protopinaceae. Rev. Palaeobot. Palyno. 234: 25-30. DOI: 10.
1016/j.revpalbo.2016.06.006.

Bateman RM, Hilton J. 2009. Palaeobotanical systematics for the phylogenetic age: applying organ-species, form-species and phylogenetic

species concepts in a framework of reconstructed fossil and extant whole-plants. Taxon 58: 1254-1280. DOI:10.1002/tax.584016.

8



Boura A, Pons D, Vozenin-Serra C, Bui Phit M. 2013. Mesozoic fossil wood of Kién Giang Province, southwestern Vietnam. Palaeontographica,
Abt. B 290: 11—40.

Boureau E. 1948. Considérations sur une flore ligneuse fossile récoltée dans le Sahara central. C.R. Somm. Soc. Géol. France 1948: 312—-313.

Boureau E. 1949. Cupressinoxylon abrardii, bois fossile du Sparnacien de la région parisienne. Rev. Bot. 56: 464—-475.

Boureau E, Marguerier J. 1987. Lorigine et I'évolution du xyleme chez les trachéophytes. Giorn. Bot. Ital. 119: 89-149.

Dilcher DL, Schaarschmidt F. 1992. Richard Krausel: his life and work. Cour. Forschungsinst. Senckenberg 147: 7-18.

Dolezych M, van der Burgh J. 2004. Xylotomische Untersuchungen an inkohlten Hélzern aus dem Braunkohlentagebau Berzdorf (Ober-
lausitz, Deutschland). Feddes Repertorium 115: 397—437. DOI: 10.1002/fedr.200411044.

Dupéron-Laudoueneix M, Pons D. 1986. Nouvelle étude de Mesembrioxylon libanoticum Edwards (Conifére du Mésozoique supérieur);
intéréts paléogéographique, biostratigraphique et paléoclimatique. Giorn. Bot. Ital. 119: 151-166.

El-Saadawi WE, Nour-El-Deen S, EI-Noamani Z, Darwish MH, Kamal EI-Din MM. 2020. Fossil flora of Egypt. In: Hamimi Z, et al.(eds.), The
geology of Egypt: 495-520. Springer, New-York, NY.

Fakhr MS, Marguerier J. 1977. Prototaxoxylon feriziense n.sp., bois fossile du Jurassique moyen de I'Iran. In: Fakhr MS (ed.), Contribution
al'étude de la flore rhétoliasique de la formation de Shemshak de I'Elbourz: 146-150. Comité des travaux historiques et scientifiques,
mémoires de la section des sciences 5, Paris.

Fletcher TL, Cantrill DJ, Moss PT, Salisbury SW. 2014. A new species of Protophyllocladoxylon from the Upper Cretaceous (Cenomanian—
Turonian) portion of the Winton Formation, central-western Queensland, Australia. Rev. Palaeobot. Palyno. 208(2014): 43—49. DOI: 10.
1016/j.revpalbo.2014.05.004.

Gerards T, Damblon F, Wauthoz B, Gerrienne P. 2007. Comparison of cross-field pitting in fresh, dried and charcoalified softwoods. IAWA
J. 28: 49—60. DOLI: 10.1163/22941932-90001618.

Goppert HR. 1850. Monographie der fossilen Coniferen. Verhand. Holl. Maatsch. Wetensch. Haarlem: 12.

Gothan W. 1905. Zur Anatomie lebender und fossiler Gymnospermen-Holzer. Abhandl. Preufi. Geol. Landesanstalt 44: 1-108.

Greguss P. 1961. Die Entdeckung von Urkormophyten aus dem Ordovizium. Acta Univ. Szeged. — Acta Biol. 7: 3-30.

IAWA Committee. 2004. IAWA list of microscopic features for softwood identification. IAWA J. 25: 1—70. DOI: 10.1163/22941932-90000349.

Jarmolenko AV. 1933. The experimental application of stem secondary wood anatomy to investigation of conifer phylogeny. Sov. Bot. 6:
46-63.

Jeffrey EC. 1905. The comparative anatomy and phylogeny of the conifers. part II: the abietineae. Mem. Boston Soc. Nat. His. 6:1-35.

Junge FW, Dolezych M, Walther H, Béttger T, Kithl A, Kunzmann L, Morgenstern P, Steinberg T, Stange R. 2005. Ein Fenster in Landschaft und
Vegetation vor 37 Millionen Jahren: Lithologische, sedimentgeochemische und paldobotanische Befunde aus einem Palédoflusssystem
des WeifSelsterbeckens. Mauritiana 19: 185-273.

Kraus G. 1870. Bois fossiles de coniferes. In: Schimper WP (ed.), Traité de paléontologie végétale. Tome 2: 363—385. Baillére, Strasbourg.

Krausel R. 1913. Beitrdge zur Kenntnis der Hélzer aus der schlesischen Braunkohle. 1. Teil. Wilhelm G6ttl. Korn, Breslau.

Kriusel R. 1917. Die Bedeutung der Anatomie lebender und fossiler Holzer fiir die Phylogenie der Koniferen. Naturwiss. Wochenschr. 16:
305-311.

Krausel R. 1918. Einige Bemerkungen zur Bestimmung fossiler Koniferen-Hoélzer. Osterr. Bot. Zschr. 67: 127-135.

Kriusel R. 1919a. Die fossilen Koniferenhélzer (unter Ausschlufl von Araucarioxylon Kraus). I: Versuch einer monographischen Darstellung.
Palaeontographica 62:185-284.

Kréusel R. 1919b. Die Pflanzen des schlesischen Tertirs. Jb. Preuf8. Geol. Landesanstalt (fiir 1917) 38:1-338.

Kréusel R. 1920a. Paldobotanische Notizen I. Nachtrige zur Zusammenstellung fossiler Koniferen Holzer. Senckenbergiana 2:199—204.

Krausel R. 1920b. Paldobotanische Notizen II: Zur Bestimmung fossiler Koniferenhélzer. Senckenbergiana 2: 204—208.

Kriusel R. 1920c. Nachtrége zur Tertidrflora Schlesiens. II Braunkohlenholzer. Jb. Preufi. Geol. Landesanstalt (fiir 1918) 39: 418—460.

Kréusel R. 1924a. Einleitung. 3. Die fossilen Pflanzen Agyptens A-C. In: R Kriusel & Stromer E., Ergebnisse der Forschungsreisen Prof. E.
Stromers in den Wiisten Agyptens. IV Die fossilen Floren Agyptens. Abhandl. Bay. Akad. Wiss. Math.-naturwiss. Abt 30(3-4): 28—48.

Kriusel R. 1924b. Archaeoxylon krasseri, ein Pflanzenreste aus dem bohmischen Prikambrium. Naturwiss. Zschr. Lotos 72: 31-37.

Kriusel R. 1926. Fossile Coniferenholzer. In: Engler A (ed.), Die natiirlichen Pflanzenfamilien, vol. 13 (Gymnospermae): 406—407. Wilhem
Engelmann, Leipzig.

Kriusel R. 1939. Ergebnisse der Forschungsreisen Prof. E. Stromers in den Wiisten Agyptens. IV — Die fossilen Floren Agyptens. 3 — Die
fossilen Pflanzen Agyptens. Abhandl. Bay. Akad. Wiss. Math.-naturwiss. Abt. 47: 1-140.

Kréusel R. 1949. Die fossilen Koniferen-Holzer (Unter Ausschlufl von Araucarioxylon Kraus). II: Kritische Untersuchungen zur Diagnostik
lebender und fossiler Koniferen-Holzer. Palaeontographica, Abt. B 89: 83—203.

Kriusel R. 1951. Referat no. 123. Zentralblatt fiir Geologie und Paléntologie 1951: 238.

Kréusel R. 1952. Referat. Neues Jb. Mineral. Geol. Paldontol. 1952: 757.

Krdusel R. 1956. Zur Geschichte der Angiospermen. Bot. Mag. (Tokyo) 69: 537—543.

Kriusel R. 1962. Antarctic fossil wood. In: Plumstead EP (ed.), Fossil floras of Antarctica: 133—-140. Transantarctic expedition (1955-1958)
scientific reports No. 9. Transantarctic expedition committee, London.

Kriusel R, Dolianiti E. 1958. Gymnospermen Holzer aus dem Paldozoikum Brasiliens. Palaeontographica — Abt. B 104: 115-137.

Kriusel R, Jain KP. 1964. New fossil coniferous woods from the Rajmahal Hills, Bihar, India. Palaeobotanist 12: 59—-67.

Kréusel R, Maithy PK, Maheshwari HK. 1962. Gymnospermous woods with primary structures from Gondwana rocks — a review. Palaeob-
otanist 10: 97-107.

Kyungsik K, Suzuki M, Changhwan O. 2005. Re-examination of Prof. Shimakura’s coniferous fossil wood microscope-slides deposited in
Tohoku University Museum. Bull. Tohoku Univ. Mus. 4: 17-72.

9



Leuchs K. 1913. Geologisches aus der sudlichen Libyschen Wiiste: Gebel Garra, Oase Kurkur, Gebel Borga. Neues Jb. Mineral. Geol. und
Paléntol. 2: 33—48.

Mantzouka D, Karakitsios V, Sakala J. 2017. Cedroxylon lesbium (Unger) Kraus from the Petrified Forest of Lesbos, lower Miocene of Greece
and its possible relationship to Cedrus. Neues Jb. Geol. Paldontol.-Abhandl. 284: 75-87. DOI: 10.127/njgpa/2017/0653.

Marguerier J.1977. Sur la ponctuation simple dans les champs de croisement de quelques structures paléozoiques et mésozoiques. Comptes-
rendus du 1028™¢ Congres national des sociétés savantes (Limoges 1977). Sciences 1: 79—97.

Mussa D. 1958. Conifera f6sil do Carbonifero Superior de Santa Catarina. Serv. Graf. Inst. Bras. Geogr. Estadist. Bol. 182: 1—22.

Nishida M, Nishida H. 1995. Pinoid woods with resin canals from the Upper Cretaceous of Hokkaido and Saghalien. J. Plant Res. 108: 161-170.
DOLI: 10.1007/BF02344340.

Philippe M. 1995. Bois fossiles du Jurassique de Franche-Comté (nord-est de la France): systématique et biogéographie. Palaeontographica,
Abt. B 236: 45-103.

Philippe M. 2002. Reappraisal of five genera designed for fossil coniferous woods by early American wood anatomists. IAWA J. 23: 319—326.
DOI: 10.1163/22941932-90000307.

Philippe M, Cantrill D. 2007. Nomenclatural types and taxonomy of gothan’s Arctic fossil conifer wood. Taxon 56: 551-566. DOI: 10.1002/
tax.562026.

Philippe M, Gromyko D. 2007. The putative Jurassic angiosperm wood Suevioxylon zonatum Kréusel revisited. IAWA ]. 28: 9g5—100. DOI: 10.
163/22941932-90001622.

Philippe M, Bamford MK. 2008. A key to morphogenera used for Mesozoic conifer-like woods. Rev. Palaeobot. Palyno. 148: 184—207. DOI:
10.1016/j.revpalbo.2007.09.004.

Philippe M, Hayes P. 2010. Reappraisal of two of Witham's species of fossil wood with taxonomical and nomenclatural notes on Planoxylon
Stopes, Protocedroxylon Gothan and Xenoxylon Gothan. Rev. Palaeobot. Palyno. 162: 54—62. DOI: 10.1016/j.revpalbo.2010.05.003.

Philippe M, Cuny G, Bamford M, Jaillard E, Barale G, Ouaja M, Thévenard F, Thiébaut M, Von Sengbusch P. 2003. The palaeoxylological
record of Metapodocarpoxylon libanoticum (Edwards) Dupéron-Laudoueneix et Pons and Late Jurassic — early Cretaceous continental
biogeography. J. Biogeogr. 30: 389—400. DOI:10.1046/j.1365-2699.2003.00835X.

Philippe M, Bamford M, Mcloughlin S, Da Rosa Alves LS, Falcon-Lang H, et al. 2004. Biogeographic analysis of Jurassic — early Cretaceous
wood assemblages from Gondwana. Rev. Palaeobot. Palyno. 129: 141-173. DOI: 10.1016 /j.revpalbo.2004.01.005.

Philippe M, Cuny G, Bashforth A. 2010. Ecpagloxylon mathiesenii gen. et sp. nov., a Jurassic wood from Greenland with several primitive
angiosperm features. Plant Syst. Evol. 287: 153-165. DOI: 10.1007/s00606-010-0308-Z.

Philippe M, Afonin M, Delzon S, Jordan GJ, Terada K, Thiébaut M. 2019. A palaeobiogeographical scenario for the Taxaceae based on a
revised fossil wood record and embolism resistance. Rev. Palaeobot. Palyno. 263: 147-158. DOI: 10.1016 j.revpalbo.2019.01.003.

Rudolf K. 1935. Mikrofloristische Untersuchung tertidrer Ablagerungen im nérdlichen Bohmen. Beihefte Bot. Centralbl. 54B: 244—328.

Schultze-Motel J. 1961. Gymnospermenholzer aus dem Jura des nordlichen Harzvorlandes: Protophyllocladoxylon quedlinburgense n.sp.
Monatsber. Dtsch. Akad. Wiss. Berlin 3: 418—426.

Selmeier A, Grosser D. 1980. Paradoxoxylon leuthardii Kriusel, eine Bennettitiaceae aus den pontischen Vogesenschottern der Delsberger
Beckens (Schweiz). Verhandl. Naturforsch. Ges. Basel 89: 79-87.

Serra C. 1966. Etude anatomique et paléogéographique de quelques espéces homoxylées du Sud-Vietnam et du Cambodge. Arch. Géol.
Vietnam 8: 59—131.

Shimakura M. 1937. Studies on fossil woods from Japan and adjacent lands. II: the Cretaceous woods from Japan, Saghalin and Mand-
choukuo. Science Reports of the Tohoku Imperial University — ser. 2 19:1-73.

Strémer E. 1924. Die Pflanzen-fiihrenden Schichten Agyptens. Ergebnisse der Forschungsreisen Prof. E. Stromers in den Wiisten Agyptens,
IV, 2. Abhandl Bay. Akad. Wiss. Math. — Math.-naturwiss. Klasse 30: 5-27.

Strémer E, Kraut H, Stérz M. 1933. Ergebnisse der Forschungsreisen Prof. E. Stromers in den Wiisten Agyptens. IV. Die fossilen Floren
Agyptens 5. Der Erhaltungszustand und die Entstehung der Kieselholzer Agyptens. Abhandl Bay. Akad. Wiss. Math. — Math.-naturwiss.
Klasse 16: 1-52.

Sufd H. 1992. Neues iiber die Gattung Paradoxoxylon Kriusel. Cour. Forsch. Senckenberg 147: 179-181.

S8 H, Steiner W. 1992. Paradoxoxylon sp., eine Bennettitee aus dem Keuper von Thiiringen. Zsch. Geol. Wiss. 20: 583-591.

Stif} H, Schultka S. 2001. First record of Glyptostroboxylon from the Upper Jurassic of Tendaguru, Tanzania. Bot. J. Linn. Soc. 135: 421—-429.
DOI: 10.1111/j.1095-8339.2001.tboo792.x.

Teodoridis V, Sakala J. 2008. Early Miocene conifer macrofossils from the Most Basin (Czech Republic). Neues Jb. Geol. Paldontol. Abhandl.
250: 287—312. DOI: 10.1127/0077-7749/2008/0250-0287.

Tian N, Xia G, Philippe M, Yi H, Wu C, Shi Z. 2020. Oldest Jurassic wood with Gondwanan affinities from the Middle Jurassic of Tibetan
Plateau and its palaeoclimatological and palaeoecological significance. Rev. Palaeobot. Palyno. 281: 104283. DOI: 10.1016/j.revpalbo.
2020.104283.

Turland NJ, Wiersema JH, Barrie FR, Greuter W, Hawksworth DL (eds.). 2018. International code of nomenclature for algae, fungi, and
plants (Shenzhen Code) adopted by the Nineteenth International Botanical Congress Shenzhen, China, July 2017. Regnum Vegetabile
159. Koeltz Botanical Books, Glashiitten.

Tuzson J. 1911. Monographie der fossilen Pflanzenreste der Balatonseegegend. In: Resultate der Wissenschaftlichen Erforschung des Bala-
tonsees, Band 1, Teil 1: 1-64. Ungarische Geographische Gesellschaft, Wien.

Vogellehner D. 1966a. Zur Anatomie und Phylogenie mesozoischer Gymnospermenhoelzer; 1 Protopitys buchiana Goppert bei Kraus 1882
(Keuper von Neuewelt) ist Paradoxoxylon Kriusel. Senckenbergiana Lethaea 47: 339-345.

10



Vogellehner D. 1966b. Zwei neue Vertreter der fossilen Sekundéarholzgattung Protophyllocladoxylon Krausel aus dem deutschen Meso-
zoikum. Geol. Jb. 84: 307-326.

Vogellehner D. 1967. Holzanatomie triassischer Gymnospermen und ihre Bedeutung fiir die Phylogenie. Ber. Dtsch. Bot. Ges. 80: 307—311.

Wan M, Yang W, Wang J. 2019. A new Protophyllocladoxylon wood from the Induan (Lower Triassic) Jiucaiyuan Formation in the Turpan—
Hami Basin, southern Bogda Mountains, northwestern China. Rev. Palaeobot. Palyno. 267: 62—72. DOI: 10.1016/j.revpalbo.2019.05.005.

Witasek N.1941. Uber fossile Holzer aus dem Egerer Tertiéirbecken mit vergleichenden Untersuchungen zur Erkennung der Holzer lebender
Taxadineen. Lotos 87(1939-1940): 155-183.

Youssef SGM, El-Saadawi WE, Kedves M, Mostafa RM. 2000. Wood anatomy of a silicified trunk from the Kharga oasis, Egypt. Plant Cell
Biol. Dev. 12: 30-39.

Youssef SGM, El-Saadawi WE. 2004. Fossil wood from the Nubian Sandstone of Kharga Oasis, Egypt. Taeckholmia 24: 51-61.

Zheng S, Li Y, Zhang W, Wang Y, Yang X, Li N, Fu X. 2005. Jurassic fossil wood of Sahnioxylon from Western Liaoning, China and special
references to its systematic affinity. Global Geol. 24: 209—216.

Zijlstra G, Philippe M. 2020. (2741) proposal to conserve the name Protophyllocladoxylon (fossil Coniferophyta: Coniferales) with a conserved
type. Taxon 69: 403—413. DOI: 10.1002/tax.12227.

11



