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ABSTRACT

At the end of the 19" century, the naturalist and artist Georg Gasser assembled a rich palaeontological collection, which includ-
ed several trace fossils. The collection consists of 56 ichnological specimens, which were interpreted either as body or trace
fossils by Georg Gasser. Specifically, a conspicuous part of the collection is represented by the dwelling burrow Laevicyclus parvus,
which was interpreted as a crinoid columnal (“Trochiten”). By contrast, Gasser correctly interpreted the feeding burrow Planolites
beverleyensis as a trace fossil (“Hieroglyph”), although some specimens were interpreted as body fossils. Gasser supported the
botanical interpretation for the burrows Chondrites intricatus and Gyrochorte comosa, which were considered as a seaweed and a
conifer, respectively. The collection of Gasser also includes a well-preserved ophiuroid burrow (Asteriacites lumbricalis), the fecal
string of an ammonite or a holothurian (Lumbricaria intestinum), and possible fish coprolites. The mixed interpretation of Gasser
reflects his historical period, during which discussion over the botanical or ichnological nature of trace fossils took on in-
creasing prominence among scientists. Revision of the collection shows that the collection is dominated by trace fossils of the
Werfen Formation (Lower Triassic), which indicates that Gasser assembled its ichnological collection without a specific strati-

graphic criterion.
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1. INTRODUCTION

Ichnology is a rapidly evolving field of study that focuses
on the interactions between organisms and the substrate
(BROMLEY, 1996; SEILACHER, 2007; BUATOIS & MANGANO,
2011). The fossilized products of organism-substrate interac-
tions — trace fossils — are a powerful tool in both pure and ap-
plied palaeontology. Trace fossils such as burrows, borings and
trails are a central tool in the reconstruction of ancient ecosys-
tems (SEILACHER, 1953), hydrocarbon exploration (LA CROIX et
al., 2013; BEDNARZ & MCILROY, 2015), scientific drilling, and
characterization of aquifers (DROSER & O’CONNELL, 1992;
CUNNINGHAM et al., 2009). However, this was not always the
case. During most of the 19" century trace fossils indeed re-
ceived a botanical interpretation, as exemplified by the work of
the eminent palaeobotanist Adolphe Brongniart (OSG0O0OD, 1975).
Following his attitude toward comparative anatomy, Brongniart
interpreted the branching trace fossil Chondrites as an alga,
and according to the resemblance to the brown alga Ficus, he
used the term fucoid to indicate such fossils (BROGNIART, 1823;
BAUCON et al., 2012). The botanical interpretation was replaced
with the ichnological one between the 1880s and the 1930s
(OscooD, 1975, BAUCON et al., 2012). During the same crucial
period, the naturalist Georg Gasser assembled his paleontolog-
ical collection, which includes several specimens of trace fos-
sils. Apparently, Gasser compiled his catalogues around 1895
and only updated them for a short time, as fossil specimens
acquired from 1899 on are not reported in the catalogue

(WAGENSOMMER et al., this volume b). Consequently, Gasser’s
collection represents an open window onto the crucial transi-
tion from the botanical to the ichnological interpretation of
trace fossils. Surprisingly, the trace fossils of the Gasser collec-
tion have never been studied in recent times. The goal of this
study is therefore to discuss the historical and scientific signif-
icance of the trace fossils in the Georg Gasser collection. To
such a scope, three questions arise: (1) What are the trace fossil
taxa in the collection? (2) How were the trace fossils interpreted
by Georg Gasser? (3) In which locality were the trace fossils
collected?

The aims of this study are to provide answers to these ques-
tions. For this reason, this paper is organized in three major
sections, each of which refers to a specific question.

2. MATERIALS AND METHODS

The trace fossils of the Gasser collection were investigated in
2022. The ichnological collection of Georg Gasser is composed
of 56 specimens inventorized. Details about the cleaning and
inventorying part of the research project can be found in
KUSTATSCHER et al. (this volume). The specimens include
trace fossils preserved as full reliefs and semireliefs. All speci-
mens were photographed using a Panasonic DC-FZ82 camera.
Trace fossils were referred to existing ichnogenera following
the norms of the ICZN (1999). Assignments were made at the
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ichnospecific level. All fossils are inventorized in the paleozoo-
logical (suffix PZO) collection of the Museum of Nature South
Tyrol (NMS).

3. THE COMPOSITION OF THE COLLECTION

The trace fossil specimens of the Gasser collection are identi-
fied at ichnospecies level and are organized in ethological cate-
gories (SEILACHER, 1953; VALLON et al., 2016). Open nomencla-
ture has been used when the traces are not identifiable neither
at ichnospecies nor at ichnogenus level. It should be noted that
some traces are compound structures (e.g., Laevicyclus is a
dwelling and feeding structure; KNAUST, 2015) whereas others
fit with more than a single behaviour (e.g., Chondrites may rep-
resent feeding or gardening; BAUCON et al., 2020). Accordingly,
the ichnological samples of the Gasser collection are attributed
to cubichnia (1 specimen), digestichnia (14 specimens), domich-
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FIG. 1: Digestion traces
(digestichnia). Scale bars =
1cm: A) Lumbricaria
intestinum, PZ0 12604;

B) Coprolites labeled as
“Koprolithen Excremente”
(Coprolites Excrements);

C) General view of B,
showing various coprolites,
PZ0 15790-15800.

nia (7 specimens), fodinichnia (31 specimens) and pascichnia
(1 specimen). Few (2) specimens are likely to be ichnofossils, but
the preservation precludes a robust identification. The major
ichnofossils identified in the collection are as follows:

3.1 DIGESTION TRACES (DIGESTICHNIA; FIG. 1)

Lumbricaria intestinum Miinster, 1831

Description: This taxon includes looping and meandering
string-shaped structures with homogeneous, structureless fill.
Representative material: PZO 12604 (Fig. 1A)

Ichnological remarks: The studied material fit in Lumbricaria,
which includes rope or string-shaped coprolites or cololites
with structureless fill (KNAUST - HOFFMANN, 2021). We assign
the studied specimen to L. intestinum because of its elongate
and intertwined shape, which are typical features of the ichno-
species; by contrast, Lumbricaria colon is a well-confined aggre-



gate (KNAUST e- HOFFMANN 2021). Holothurians (KIETZMANN
¢ BRESSAN, 2019), cephalopods (e.g., ammonites; KNAUST &
HOFFMANN, 2021), annelids and vertebrates (fishes, flying rep-
tiles) (tab 1, in KNAUST & HOFFMANN, 2021) have been suggest-
ed as the producers of Lumbricaria.

Historical remarks: Lumbricaria has been recognized more
than 300 years ago, being a very common trace fossil in the
Upper Jurassic Lithographic Limestones (Plattenkalk) of south-
ern Germany (KNAUST ¢ HOFFMANN, 2021). The specimen
comes from the Solnhofen Plattenkalk.

‘Spherical and cylindrical coprolites’

Description: Spherical and cylindrical structures with
smooth surface.

Representative material: PZ0O 15790-15800 (Fig. 1B—C)
Ichnological remarks: The specimens PZO 15790-15800 are
strongly reminiscent of the iconic fish coprolites from the latest
Triassic of the United Kingdom (see CUEILLE et al., 2020). The
coprolites from the British Triassic have been featured in clas-
sic early researches by luminaries such as William Buckland
(CUEILLE et al., 2020).

However, the studied material does not present clear structural
patterns (e.g., spiral marks, food remains), which makes the
ichnotaxonomic assignment difficult. In addition, fossilized
faeces (bromalites) include ejected faecal material (coprolites)
and faecal material preserved in the gut (cololites) (PRASAD,
2005; HUNT et al., 2007; BRACHANIEC et al., 2015; KNAUST,
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FIG. 2: Dwelling
traces (domichnia).
Scale bars = 1 cm:

A) Laevicyclus parvus,
PZ0 13669;

B) Laevicyclus parvus,
PZ0 13160; C) Label
of the specimen
pictured in A
showing the use of
the term “Trochites”;
D) Second label of
the specimen
pictured in A
showing the use of
the term “Trochites”.

2020). Distinguishing between coprolites and cololites may be
difficult since they can be morphologically and compositional-
ly similar (KNAUST, 2020). For these reasons, we use open no-
menclature to describe the here discussed material (PZO 15790—
15800).

Historical remarks: The specimens PZO 15790 to 15800 are
pasted on a single glass plate labelled as coprolites (“Kopro-
lithen Excremente”) and come from England and “Podolia”, a
historical region between Ukraine and Moldova.

3.2 DWELLING TRACES (DOMICHNIA; FIG. 2)

Laevicyclus parvus (Desio, 1940)

Description: The vertical burrows consist of a small central
core and an outer lining. The burrows are preserved on bedding
planes as ring-like structures.

Representative material: PZO 13160, PZ0 13669 (Fig. 2).
Ichnological remarks: The studied traces are attributable to
the ichnofamily Siphonichnidae, comprising simple to complex
burrows of varying morphology consisting of one or more
sub-vertical tube(s) with passively filled core and commonly
actively filled mantle or lining (KNAUST, 2015). Among siphon-
ichnids, Laevicyclus and Siphonichnus are similar, i.e. Laevicyclus is
a cylindrical vertical burrow with an actively filled mantle and
a passively filled core, whereas Siphonichnus comprises vertical,
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oblique or horizontal cylindrical burrows characterised by a
laminated meniscate mantle (active fill), which is penetrated by
a homogeneous core (KNAUST, 2015). The traces of the Gasser
collection do not show evidence of meniscate mantle, therefore
we assign them to Laevicyclus. Laevicyclus is a monotypic taxon,
hence the Gasser traces fit in L. parvus (KNAUST, 2015). Laevicy-
clus is a compound trace fossil resulting from dwelling and
suspension- or deposit-feeding of polychaetes or bivalves
(KNAUST, 2015). In the case of worm-like producers, the outer
ring-like structure represent tentacle swirlmarks around the
top of the burrow (ALPERT & MOORE, 1975; SEILACHER, 1953).
The studied material does not present features that allow dis-
tinguishing between bivalve and worm-like producers.

Historical remarks: Gasser labelled Siphonichnus as “Trochiten”
(e.g., PZO 13669), that are, crinoid columnals. Siphonichnus and
columals share a concentric structure with a well-defined cen-
tral area, i.e., the lumen in the columnalia, and the core in

156

FIG. 3: Feeding traces
(fodinichnia).

Scale bars = 1 cm:

A) Chondrites intricatus,
PZO0 13416; B) Detail

of A. C) Chondrites
intricatus labelled as
“Algen” (seaweed),
PZ0 13663; D) Planolites
beverleyensis (arrowed),
PZ0 13664; E) Label

of the specimen
illustrated in D,
showing the use of the
term “Hieroglyphen”
(hieroglyphs).

Siphonichnus). According to his labels, Gasser collected Siphonich-
nus in the “Werfener Schichten”, that is, the Lower Triassic
Werfen Formation. The studied samples share the same preser-
vation style with the specimens of Siphonichnus in the historical
collection of the University of Heidelberg, which come from the
Lower Triassic lithostratigraphic units of South Tyrol (KNAUST,
2015, fig. 2E-F).

3.3 FEEDING TRACES (FODINICHNIA; FIG. 3)

Chondrites intricatus (Brongniart 1828)

Description: The regularly branching system consist of
straight branches that typically form branching angles smaller
than 45°. Full-relief preservation.

Representative material: PZO 13416, PZO 13663 (Fig. 3A-C)



Ichnological remarks: The studied trace fossils are assigned
to Chondrites, which is a “regularly branching tunnel system
consisting of a small number of sub-vertical master-shafts,
connected to the ancient sediment-water interface, that branch-
es at depth to form a dendritic network” (BAUCON et al., 2020,
p- 3; see also FU, 1991). Specifically, the studied trace fossils are
comparable with Chondrites intricatus (BROGNIART, 1823), which
is characterized by downward radiating straight branches and
branching angle less than 45° (UCHMAN, 1998).

Actualistic studies (DUFOUR & FELBECK, 2003, HERTWECK et
al., 2007) show that burrows of modern bivalves (thyasirids)
and annelids are the closest morphological analogues of Chon-
drites. By analogy, bivalves produced Chondrites by pushing their
extensile foot into the sediment; sulfur-pumping bivalves back-
filled inactive tunnels to ensure pumping efficiency in the new
tunnel. Annellids produced Chondrites by extending their pro-
boscis and intruding into the sediment or by ingesting the
sediment particles in front of them. According to the most re-
cent ethological review of the taxon (Baucon et al., 2020), the
Chondrites tracemakers built their burrows to obtain food:

(1) Subsurface deposit feeding annelids produced Chondrites-
like traces when searching for food in the sediment;

(2) Chemosymbiotic thyasirid bivalves produced Chondrites to
provision sulfur-oxidizing symbionts with the chemical reduct-
ants they required for metabolism;

(3) Asymbiotic thyasirids built Chondrites for cultivating bacte-
ria and directly ingesting them.

As such, Chondrites can be regarded as a feeding trace (fodinich-
nion), a chemosymbiotic trace (chemichnion) or a farming
trace (agrichnion), although there are no known morphological
features to attribute a specimen of Chondrites to one ethological
class or the other.

Historical remarks: Gasser’s labelled the specimen PZO 13663
as ‘Algen’ (algae). During the 19" century, most scientists asso-
ciated branching trace fossils (e.g., Chondrites) to algae, or ‘fu-
coids’. The term ‘fucoid’ may derive from Pliny’s ‘phycites’ (al-
ga-like stone) through the Italian ‘fucite’. Specifically, the term
fucite was adopted to indicate bioturbated rocks (BAUCON et al.,
2012). For instance, TARGIONI-TOZZETTI (1777) compared ‘fuciti’
to ‘Pietre Lombricarie’ (Worm-Stones), saying that “when they
are split-off ... They reveal impressions of algae (Fuci)” (BAucoN
et al., 2012). It should be noted that TozzETTI questioned the
vegetal nature of fuciti, of which the origin “botanical or ani-
mal, is not known” (TARGIONI-TOZZETTI, 1777). After the 1830s,
the term fucite fell into disuse, being replaced by the etymolog-
ically analogous fucoid.

Planolites beverleyensis (Billings 1862)

Description: Straight to winding, unbranched, cylindrical
unlined burrows. The burrow margin is smooth.
Representative material: PZO 13345 (Fig. 3D-E)
Ichnological remarks: The studied burrows are compara-
ble to the ‘worm burrows’ Planolites and Palaeophycus, which
include cylindrical, straight to winding, mostly unbranched
burrows. Planolites and Palaeophycus are distinguished by
the presence (Palaeophycus) or absence (Planolites) of a burrow
lining (PEMBERTON & FREY, 1982; KEIGHLEY & PICKERILL,
1995; MARENCO & BOTTJER, 2008). The studied burrows are
unlined, being comparable to Planolites. It should be noted that
several specimens are fragmentary (e.g., PZO 13678 and PZO
14159 consist of 9 and 11 cylindrical fragments, respectively).
Consequently, the preservation precludes to determine whether
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the original trace fossils were branched or not, which is a key
ichnotaxobase (BERTLING et al., 2006). In conclusion, the frag-
mentary specimens are attributed to Planolites, but the original
burrows may have pertained to other ichnotaxa. Currently
recognized ichnospecies of Planolites include P. montanus (small,
curved to tortuous burrows), P. beverleyensis (large, straight to
gently curved burrows) and P. annularis (transversely annulated
burrows) (PEMBERTON & FREY, 1982). Accordingly, we assign
the studied burrows to P. beverleyensis. A wide range of depos-
it-feeding organisms can produce Planolites, including not only
worm-like tracemakers (annellids, priapulids, hemichordates)
but also crustaceans and bivalves (KNAUST, 2017). A single
specimen (PZO 13298) displays a faint longitudinal ornamenta-
tion, which make it comparable to the ornamented taxon Scoy-
enia. However, the preservation does not allow a robust assign-
ment of the specimen.
Historical remarks: Gasser frequently (but not exclusively)
uses the term ‘hieroglyph’ to describe Planolites. Most likely he
brought the term from the work of FucHs (1895), entitled “Fu-
coiden und Hieroglyphen Denkschriften” (“Memorandum
about fucoids and hieroglyphs”). FucHs (1895) distinguishes
three family groups of trace fossils (HANTZSCHEL, 1975, BAU-
CON et al., 2012):
1. Vermiglyphen: threadlike, straight or winding reliefs occur-
ring mostly on bed soles;
2. Rhabdoglyphen: straight bulges on lower bedding surfaces;
3. Graphoglypten: reliefs resembling ornaments or letters.
The term partly corresponds to the similar term Hiero-
glyphen.
It should be noted that the traces of the Gasser collection are
not ‘Graphoglypten’ sensu stricto. In fact, the term Grapho-
glypten has had a considerable success since its introduction
and its English analog (graphoglyptid) is still used for indicat-
ing a group of ornamental trace fossils occurring at the base of
sandstone beds in flyschoid successions (SEILACHER, 2007). By
contrast, the specimens described as ‘hieroglyphen’ by Gasser
are straight to winding burrows preserved as full-reliefs or hy-
poreliefs. Gasser describes the specimen PZO 13345 as “Hiero-
glyph Kriechspur?”, that means, “crawling hieroglyph?”. This
further supports the idea that Gasser recognized the ichnolo-
gical nature of some trace fossils. However, it should be noted
that Gasser often identified Planolites as a body fossil, i.e., as a
coral (“Koralle”; label of PZO 14253), or as vertebrae (“Rippen-
theile von grossen Wirbel” meaning costal fragment of a big
vertebra; inventory notes respectively of PZO 13020 and PZO
13021).

3.4 GRAZING TRACES (PASCICHNIA; FIG. 4B)

Gyrochorte comosa (Heer, 1865)

Description: Horizontal epirelief consisting of a bilobed,
winding trace.

Representative material: PZO 15812

Ichnological remarks: The studied specimen is assigned to
Gyrochorte, which is a burrow with a top part (positive epirelief)
consisting of two convex lobes with a median furrow and a
bottom part (negative hyporelief) consisting of two grooves and
a median ridge (DE GIBERT e- BONNER, 2002). In the Gasser’s
specimen the bottom part is not preserved. The most impor-
tant characteristic for identifying Gyrochorte is the recognition
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FIG. 4: Cubichnia and pascichnia (resting and grazing traces). Scale bars = 1 cm: A) Asteriacites lumbricalis, PZO 13827; B) Gyrochorte comosa, PZO 15812; note the label “Aracaria sternbergii”,
referring to the plant genus Araucaria.

of the vertical dimension of the burrow (DE GIBERT ¢ BONNER,
2002). This aspect is faintly shown in the chipped side of the
sample.

Gyrochorte is interpreted as being produced by a worm-like or-
ganism burrowing obliquely (SEILACHER, 1955). Gyrochorte pro-
ducers tended to re-burrow previously formed traces of the
same species (WETZEL et al., 2020). Gyrochorte is restricted to
moderate energy nearshore and shallow marine environments
(DE GIBERT & BONNER, 2002; BAUCON ¢ NETO DE CARVALHO,
2016)

Historical remarks: Gasser labelled Gyrochorte as “Aracaria
sternbergii” (sic), interpreting it as the plant genus Araucaria.

3.5 RESTING TRACES (CUBICHNIA; FIG. 4A)

Asteriacites lumbricalis VON SCHLOTHEIM, 1820
Description: Star-shaped burrows consisting of five arms de-
parting from a central discoid area. The fill is white and mark-
edly differs from the host rock.

Representative material: PZO 13827 (Fig. 4A).
Ichnological remarks: The morphology of PZO 13827 is con-
sistent with the ichnospecies Asteriacites lumbricalis, represented
by star-shaped traces with five or more arms (BAUCON e- NETO
DE CARVALHO, 2016; KNAUST & NEUMANN, 2016). The ichno-
species of Asteriacites are, with decreasing length/width ratio of
their arm imprints, A. lumbricalis, A. stelliformis and A. quinque-
folius (KNAUST e- NEUMANN, 2016). The studied material is as-
signed to A. lumbricalis because of the particularly slender arms.
The ichnogenus Asteriacites is interpreted as a resting trace
(cubichnion) produced by Asterozoan producers, including
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either Ophiuroidea (‘brittle stars’) or Asteroidea (‘sea stars’;
MANGANO et al., 2007; SEILACHER, 2007; KNAUST ¢- NEUMANN,
2016). Since the arms of the studied Asteriacites depart from
a central area and they present a vermiform shape, we refer
them to brittle star producers. Body and trace fossils of brittle-
stars are relatively uncommon in most of the Phanerozoic, but
they are relatively abundant in Early Triassic deposits (e.g.,
Werfen Formation) (BAUCON & NETO DE CARVALHO, 2016).
Modern brittlestars include both suspension- or deposit-feeders
that extend their arms to trap nutrient particles (HUGHES,
1998).

Historical remarks: Asteriacites has attracted the interest of
scientists since the 1700s (KNAUST ¢ NEUMANN, 2016).

4. CHRONOSTRATIGRAPHIC DISTRIBUTION OF THE SPECIMENS

The ichnological collection of Georg Gasser does not continu-
ously document the chronostratigraphic scale, but it focuses on
specific geological intervals that range from the Triassic to the
Neogene (Fig. 5). Specifically, several specimens come from the
Lower Triassic Werfen Formation. Intriguingly, the Werfen
Formation is still nowadays acknowledged as a major source of
invertebrate trace fossils (e.g., TWITCHETT & WIGNALL, 1996;
TWITCHETT, 1999; HOFMANN et al., 2014; BAUCON & NETO DE
CARVALHO, 2016). The Gasser collection also comprises Creta-
ceous and Cenozoic specimens. Among the latter, a specimen
of Chondrites is labelled “Tertiaere” (Tertiary), plausibly pertain-
ing to Cenozoic flysches of the Alps.

The large number of Triassic trace fossils indicates that Georg
Gasser assembled his ichnological collection on a locality-based
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FIG. 5: Chronostratigraphic distribution of Gasser’s ichnological specimens. 1. Bad Haring;

2. Bregenz; 3. Eppan/Appiano; 4. Fassa Valley; 5. Hafling/Avelengo; 6. Ratzes/Razzes —
Kastelruth/Castelrotto; 7. Monte Brione; 8. Seiser Alm/Alpe di Siusi; 9. Solnhofen

criterion. As indicated by his labels, most specimens pertain to
the Fassa Valley and the Seiser Alm/Alpe di Siusi. This paral-
lels the process by which Gasser assembled the paleobotanical
and remaining paleozoological collection, i.e., the collection is
a geographical representation of the most important outcrops
during the lifetime of Georg Gasser (WAGENSOMMER et al., this
volume a; KUSTATSCHER et al., this volume; TOMELLERI et al.,
this volume a). Gasser did not collect the specimens by himself,
but probably relied on local collectors.
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5. GEOGRAPHIC DISTRIBUTION OF THE SPECIMENS

Here we discuss some of the fossil sites mentioned in the col-
lection. Figure 6 shows only those that can be placed in a fairly
defined area.

5.1 AUSTRIA

Bad Haring

Age: Early Oligocene

This place in the Tyrol is one of the most famous fossiliferous
localities for the European Paleogene both for paleobotanical
and paleozoological specimens.

Collection Georg Gasser: PZO 15812

Bregenz

Age: Late Cretaceous

Georg FRIEBE (2009) describes in an abstract of the Norman
Douglas Symposium that in 2007 was recovered the “Natural-
ien-Sammlung” (collection of natural fossils) of NORMAN
DoucLAS (1868-1952), although in bad preservation. The collec-
tion of the writer included also three specimens of “Fukoiden”
collected from the Eocene Flysch of Vorarlberg. These strata are
nowadays considered Upper Cretaceous in age (FRIEBE, 2009,
p-9).

Collection Georg Gasser: PZO 13663

Remarks: The specimen from Bregenz is a chondritid (Chondrites
intricatus). Most likely, it is referrable to the Helvetic Zone,
which has prominent outcrops south of Bregenz (JANOSCHEK ¢
MATURA, 1980).

Tirol

Age: Not determined_

Collection Georg Gasser: PZO 13160

Remarks: The specimen from Tirol derives from a donation and
is attributed to the ichnospecies Laevicyclus parvus.

5.2 ENGLAND

Locality unknown

Age: Cretaceous

Collection Georg Gasser: PZ0 15798-15800

Remarks: The specimens are digestichnia, that are strongly
reminiscent of the iconic fish coprolites from the latest Triassic
of the UK (CUEILLE et al., 2020). However, the label indicate a
Cretaceous age.

5.3 ITALY

Eppan/Appiano sulla Strada del Vino (Trentino-Alto
Adige)

Age: Early Triassic

Westwards of Eppan/Appiano a succession that starts with the
Upper Permian Gréden/Val Gardena Formation crops out, ex-
tending up to the Middle Triassic Dolostone. Considering the
lithology of the samples and the outcropping successions, the
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FIG. 6: Map of Europe with the localities from which Gasser’s ichnological specimens come. 1. Bad Haring; 2. Bregenz; 3. Eppan/Appiano; 4. Val di Fassa; 5. Hafling/Avelengo;
6. Ratzes/Razzes — Kastelruth/Castelrotto; 7. Monte Brione; 8. Seiser Alm/Alpe di Siusi; 9. Solnhofen

specimen identified as Planolites could come from the Lower
Triassic Werfen Formation of the area.
Collection Georg Gasser: PZ0 13349, 13351

Hafling/Avelengo (Trentino-Alto Adige)

Age: Triassic

Collection Georg Gasser: PZO 13350

Remarks: The specimens are identified as Planolites.

Bad Ratzes/Bagno Razzes near Kastelruth/Castelrotto
(Trentino-Alto Adige)

Age: Lower Triassic

On the western slope of the Schlern/Sciliar a succession, start-
ing with the Lopingian Groden/Val Gardena Formation and
extending up to the Middle Triassic Dolostone, crops out. Con-
sidering the lithology of the samples and the outcropping suc-
cessions, the specimen identified as Planolites could come from
the Lower Triassic Werfen Formation of the area.

Collection Georg Gasser: PZ0 13283

Remarks: The specimens are identified as Chondrites.

Monte Brione-Riva del Garda (Trentino-Alto Adige)

Age: Rupelian (Oligocene)

Although there have been carried out only few studies on the
bioturbations of this area, the CARG (cartographic project in
Italy) map 80 Riva del Garda shows on the Monte Brione two
formations of Cenozoic age. These are the Linfano Limestone
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(Rupelian in age) and the Monte Brione Formation (Chattian/
early Miocene in age). Moreover, the Linfano Limestone has
been described as containing distinct bioturbations. This sug-
gests that the fossil could come from the Linfano Limestone.
Collection Georg Gasser: PZ0 13678, 14159, 14160, 14544
Remarks: The specimens are identified as Planolites.

Seiser Alm/Alpe di Siusi (Trentino-Alto Adige)

Age: Middle Triassic

The Seiser Alm/Alpe di Siusi is well-known for its Middle
Triassic successions. The specimens are identified as Laevicyclus
and Planolites.

Collection Georg Gasser: PZO 12893, 13664, 15758, 15760

Fassa Valley (Trentino-Alto Adige)

Age: Triassic

A large variety of geological units crops out in Val di Fassa, in-
cluding a sedimentary succession that ranges from Permian ter-
rigenous deposits (e.g., Groden/Val Gardena Formation) to Triassic
marine successions (e.g., Werfen Formation, Dolomia Principale)
(FRATTINI & CROSTA, 2013). The ichnotaxa discovered in the
Gasser Collection (Laevicyclus parvus, Planolites beverleyensis), due
to the lithologic features of the specimens, can be confidently
attributed to the Werfen Formation and lithologic features of
the specimens are reminiscent of the Werfen Formation.
Collection Georg Gasser: PZO 12892, 13145, 13146, 13344, 13345,
14527




5.4 GERMANY

Solnhofen (Bavaria)

Age: Upper Jurassic

The Plattenkalk of the Solnhofen Fossil-Lagerstatte is famous
for its rich paleofauna, collected for hundreds of years and ex-
hibited in museums of natural history around the world.
Collection Georg Gasser: PZO 12604

Remarks: The specimen is identified as Lumbricaria, which is
indeed a common trace fossil in the Upper Jurassic “Platten-
kalke” of Germany (KNAUST ¢ HOFFMANN, 2021).

6. GASSER’S INTERPRETATION OF TRACE FOSSILS

Georg Gasser assembled his collection at the transition between
the 19" and the 20™ century, which corresponds to the transi-
tion between two crucial stages in the history of ichnology.
Specifically, the history of ichnology is subdivided in five ages
(Oscoop, 1975, PEMBERTON et al., 2007, BAUCON et al., 2012).
During the Age of Naturalists stage, several Renaissance intel-
lectuals depicted trace fossils, including Leonardo da Vinci,
Ulisse Aldrovandi, and Konrad Gesner (BAUCON, 2009, 20104,
2010b). Nevertheless, ichnology has existed as disconnected
ideas about traces until the Age of Fucoids (1823-1881), during
which invertebrate trace fossils were regarded as plants, e.g.,
seaweed (‘fucoids’). Successively, NATHORST (1881) argued that
many fucoids were trace fossils, arousing a consistent debate
between scientists (OscooD, 1975). This debate characterized
the Period of Reaction (or Age of Controversy) (1881-1925)
(Oscoop, 1975). The Development of the Modern Approach
(1925-1953) started with the establishment of the Sencken-
berg Laboratory, a marine institute devoted to neoichnology
(CADEE & GOLDRING, 2007), whereas the Modern Era of Ichnol-
ogy (1953-present day) saw the foundation of the central con-
cepts of modern ichnology, starting with SEILACHER'S (1953)
seminal publication on the methods of ichnology (PEMBERTON
et al., 2007).

From a merely chronologic viewpoint, Gasser assembled in his
collection in the Period of Reaction, between the Age of Fucoids
and the Development of the Modern Approach. Results show
that Gasser was a true son of his time, i.e., he interpreted some
trace fossils as algae (Chondrites) or body fossils, whereas he cor-
rectly interpreted others (Planolites) as biogenic sedimentary
structures. In fact, he labelled a specimen of Planolites (PZO 13345)
as “Hieroglyph Kriechspur?”, that is, “crawling hieroglyph?”.

7. CONCLUSIONS

Revision of the Georg Gasser collection revealed 56 specimens
of trace fossils, which received a mixed interpretation as body
and trace fossils. A botanical interpretation was proposed for
Chondrites intricatus and Gyrochorte comosa, which were regarded
as seaweed and conifers, respectively. A zoological interpreta-
tion was given to Laevicyclus parvus, which was identified as a
crinoid columnal. Planolites beverleyensis was interpreted as a
locomotion trace fossil, although some specimens were referred
to body fossils of corals or vertebrates. As such, the Gasser col-
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lection is an open window onto the Period of Reaction, i.e., the
crucial period of time during which the ichnological nature of
trace fossils was hotly debated. The results of this paper en-
courage further research on other historical collections of trace
fossils, aiming to reveal what was the status of ichnological
knowledge outside from the academic clique.
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