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ABSTRACT. Fructifications of epiphyllous fungi were encountered during palynological investigation of the 
Lower Oligocene shallow-marine deposits of the Krabbedalen Formation at the Savoia Halvø, Kap Brewster, cen-
tral East Greenland. Six fossil taxa from the family Microthyriaceae (Phragmothyrites kangukensis Kalgutkar, 
Phragmothyrites sp., Plochmopeltinites sp., Trichothyrites cf. ostiolatus (Cookson) Kalgutkar & Jansonius, Tri-
chothyrites sp. 1, and Trichothyrites sp. 2) and one incertae sedis fungal remain are reported. Fungal remains 
from the Krabbedalen Formation represent the youngest, Oligocene occurrence of the epiphyllous fungi in the 
Palaeogene of the Arctic. The presence of epiphyllous, microthyriaceous fungi in low quantities and in low taxo-
nomical diversity points to a humid and not necessarily warm climate, which is corroborated by data obtained 
from the analysis of microscopic plant remains.

KEYWORDS: Epiphyllous fungi, fructifications, Microthyriaceae, taxonomy, palaeoecology, Oligocene, Arctic, Krabbedalen 
Formation, Greenland

INTRODUCTION

During classical palynological investigation 
of samples from the Lower Oligocene shallow-
marine deposits of the Krabbedalen Formation 
(Kap Dalton Group) from Kap Brewster, Savoia 
Halvø, Scoresby Sund, central East Greenland 
(Fig. 1), some specimens of fructifications of 
epiphyllous fungi were encountered (Birken-
majer et al. 2010). In view of the usefulness 
of fossil epiphyllous fungi as a palaeoclimatic 
proxy, we made detailed taxonomic and palae-
oecological studies of these fungal fructifica-
tions from the Krabbedalen Formation.

GEOLOGY

The Kap Brewster area was mapped and 
sampled by Krzysztof Birkenmajer during the 
1971 Geological East Greenland Expedition 
organized by the Geological Survey of Greenland 

(Birkenmajer 1972). He also described the geol-
ogy of the area in detail (Birkenmajer & Jed-
norowska 1997, Birkenmajer et al. 2010). Four 
main lithostratigraphic units have been dis-
tinguished in the Kap Brewster area (Hassan 
1953, Birkenmajer 1972, Birkenmajer & Jed-
norowska 1977, 1997, Birkenmajer et al. 2010): 
Mesozoic (?Upper Cretaceous) deposits which 
underlie plateau basalts; plateau-basalts with 
sediment intercalations (Blosseville Group, 
Palaeocene–Eocene); older post-basalt deposits 
(Kap Dalton Group, Eocene–Oligocene); and 
younger post-basalt deposits (Kap Brewster 
Formation, Miocene).

The shallow-marine to brackish depos-
its of the Kap Dalton Group occupy a small 
fault-bounded depression in the central part 
of Savoia Halvø. The Krabbedalen Forma-
tion (Krabbedalen Member – Birkenmajer 
1972; Krabbedalen Formation – Birkenmajer 
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& Jednorowska 1977) consists of alternating 
grey to yellowish marly siltstones and hard 
calcareous siltstones, often containing single 
pebbles of basalt and other rocks. Accord-
ing to Hassan (1953), its rich shallow-marine 
macrofauna probably indicates an Early Oli-
gocene age of the deposits. Foraminiferal study 
(Birkenmajer & Jednorowska 1977, 1997) con-
firmed the Early Oligocene age estimates of 
the Krabbedalen Formation. The dinoflagel-
late cyst assemblages also suggest an Early 
Oligocene age of the deposits, while the pollen-
spore spectra are less conclusive in this respect, 
suggesting an Oligocene-Middle Miocene age. 
Nevertheless, the interpretation rather favours 
an Early Oligocene age of this assemblage sup-
ported by cold-water indicators (foraminifera 
and dinoflagellates), possibly related to cooling 
of the Early Oligocene coastal sea by the East 
Greenland Current (Birkenmajer & Jedno-
rowska 1997, Birkenmajer et al. 2010).

MATERIAL AND METHODS

The samples were collected by Krzysztof Birkenma-
jer during the 1971 Geological East Greenland Expedi-
tion from the deposits of the Krabbedalen Formation, 

Kap Brewster, central East Greenland (Birkenmajer 
1972).

The samples were processed in the Micropalaeon-
tological Laboratory of the Institute of Geological Sci-
ences, Polish Academy of Sciences, Kraków, according 
to the palynological protocol entailing 38% hydrochlo-
ric acid (HCl) treatment, 40% hydrofluoric acid (HF), 
heavy liquid (ZnCl2 + HCl; density 2.0 g/cm3) separa-
tion, ultrasonic treatment for 10–15 s., and sieving 
through 15 µm nylon mesh. No nitric acid (HNO3) 
treatment was applied. Seven samples (810, 811, 812, 
813, 814A, 814B, and 815) were prepared, and two 
microscope slides were made from each sample using 
glycerine gel as a mounting medium.

The studied samples yielded rich palynological 
material consisting mainly of sporomorphs (pollen 
grains and spores) and dinoflagellate cysts. The results 
of palynological studies were described in detail (Birk-
enmajer at al. 2010). During the current investigation 
all these slides were re-examined for the presence of 
remains of epiphyllous fungi.

Terminology for the morphology of fungal fruc-
tifications follows Korf (1958) and Wu et al. (2011). 
The method of measuring the size of fungal structures 
depends on their shape; we used diameter measure-
ments for regular, round or broadly elliptical structures, 
and length and width for quadrangular structures.

Bright field, dark field and phase contrast micro-
photography of the fossils was done using a NIKON 
Eclipse E400 microscope fitted with a CANON A640 
digital camera.

RESULTS

The classification of fossil and recent fungi 
follows Kalgutkar & Jansonius (2000) and Wu 
et al. (2011).

Order Microthyriales G. Arnaud

Family Microthyriaceae Sacc.

Trichothyrites Rosendahl

Synonyms: Notothyrites Cookson,  
Sphaerialites Venkatachla & Kar

Trichothyrites cf. ostiolatus (Cookson) 
Kalgutkar & Jansonius

Pl. 1, figs 1a, b

? 1947	 Asterothyrites ostiolatus Cookson, p. 210, pl. 
12, fig. 11.

? 2000	 Trichothyrites ostiolatus (Cookson) Kalgutkar 
& Jansonius comb. nov., p. 303, pl. 22, fig. 4.

M a t e r i a l. Slide 144-812(1). One specimen.

D e s c r i p t i o n. Fruiting body fragmentary, 

Fig. 1. Location map (black dot) of the samples studied from 
the Krabbedalen Formation, Kap Brewster, East Greenland. 
Dashed line – Arctic Circle
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± orbicular, ca 125 µm in diameter, margin 
irregularly sinuate. Scutellum composed of 
radiating rows of quadrilateral (textura pris-
matica) nonporate cells, 5.0–7.5 µm long and 
2.5–4.0 µm wide. Cell walls ± straight. Ostiole 
central, roundish, ca 12 µm in diameter. Collar 
distinct, ca 10 µm wide, collar cells small, iso-
diametric with very thick and dark walls.

R e m a r k s. This fruiting body is similar to 
fossil Trichothyrites ostiolatus (Cookson) Kal-
gutkar & Jansonius from Oligocene/Miocene 
deposits of Victoria, Australia (Cookson 1947, 
Kalgutkar & Jansonius 2000). The poor state 
of preservation prevents unequivocal assign-
ment to the discussed species. Almost identical 
forms were reported as Notothyrites (=Tricho-
thyrites) setiferus Cookson by Kar & Saxena 
(1976) from the Palaeocene Matanomadh For-
mation, Kutch district, India. Indeed, there 
were some similarities with the latter spe-
cies (correctly Trichothyrites setifer (Cookson) 
Saxena & Misra; Kalgutkar & Jansonius 2000), 
but the cells of scutellum of T. setifer are twice 
larger than in T. ostiolatus and thus the fru-
iting body described as Notothyrites setiferus 
from the Matanomadh Formation most pro-
bably represent different species of the genus 
Trichothyrites.

Trichothyrites sp. 1
Pl. 1, figs 2a, b

M a t e r i a l. Slide 144-812(2). One specimen.

D e s c r i p t i o n. Fragment of fruiting body, 
± orbicular/suborbicular, ca 70 µm in diame-
ter, margin ± entire. Scutellum composed of 
radiating rows of rectangular (textura prisma-
tica), nonporate cells, ca 7.5 µm in diameter. 
Cell walls straight. Ostiole central, ± roundish, 
ca 10 µm in diameter. Collar easily visible, ca 
12 µm wide, collar cells smaller than ordinary 
cells of scutellum.

R e m a r k s. This specimen is morphologically 
similar to Trichothyrites cf. ostiolatus (Cook-
son) Kalgutkar & Jansonius described above, 
but the poor state of preservation prevents an 
accurate comparison.

Trichothyrites sp. 2
Pl. 1, figs 3a, b

M a t e r i a l. Slide 144-812(1). One specimen.

D e s c r i p t i o n. Fruiting body ± orbicular, ca 
100 µm in diameter, margin slightly sinuate. 
Scutellum composed of radiating rows of qua-
drilateral, usually isodiametric (textura pris-
matica) nonporate cells 4–5 µm in diameter. 
Cell walls straight, partly rounded. Ostiole 
central, roundish, 15 µm in diameter. Collar 
distinct, its cells with thick and dark walls.

R e m a r k s. The fruiting body shows morpho-
logy typical of the fossil genus Trichothyrites 
(e.g. radiating cells of scutellum, distinct osti-
ole). It bears some similarity to Trichothyrites 
keralensis (Rao & Ramanujam) Kalgutkar 
& Jansonius, described from the Late Miocene 
of India (Rao & Ramanujam 1976, Kalgutkar 
& Jansonius 2000). However, T. keralensis 
differs in having a smaller ostiole. T. hordlen-
sis Smith, similar in respect of the scutellum 
structure, differs in having considerably smal-
ler fruiting bodies (Smith 1980).

Plochmopeltinites Cookson

Plochmopeltinites sp.
Pl. 2, figs 1a–c

M a t e r i a l. Slide 144-812(1). One specimen.

D e s c r i p t i o n. Fragment of fruiting body, 
± suborbicular, ca 125 µm in size. Scutellum 
composed of ± radiating rows of elongated, 
nonporate cells with strongly undulate walls 
(textura epidermoidea). Ostiole central, frag-
mentary, roundish, 12–17 µm in diameter. 
Collar distinct, composed of small cells.

R e m a r k s. The morphology of the discussed 
epiphyllous microthyriaceous fungus corre-
sponds to the genus Plochmopeltinites (e.g. 
scutellum composed of radiating cells with 
undulate walls, distinct ostiole). In respect of 
ostiole diameter it resembles both Plochmo-
peltinites cooksoniae Ramanujam & Rao and 
Plochmopeltinites masonii Cookson, and clearly 
differs from Plochmopeltinites keralensis Patil 
& Ramanujam (Kalgutkar & Jansonius 2000). 
The poor state of preservation prevents classi-
fication as one of the last two species. The fos-
sil thyriothecia of the genus Stomiopeltis The-
issen differ in having a non-radiate structure 
of the scutellum, which is typical for fruiting 
bodies of genera of the family Micropeltida-
ceae (Kalgutkar & Jansonius 2000, Wu et al. 
2011).
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Family ? Microthyriaceae Sacc.

Phragmothyrites Edwards

Synonyms: Microthallites Dilcher

Phragmothyrites kangukensis Kalgutkar
Pl. 2, figs 2a, b

1997 Phragmothyrites kangukensis Kalgutkar, p. 223, 
pl. 3, fig. 16, 21, pl. 4, fig. 1.

M a t e r i a l. Slide 144-812(1). One specimen.

D e s c r i p t i o n. Fruiting body suborbicular, 
slightly elongated, preserved fragment ca 
60 µm in size, entire-margined. Scutellum 
composed of both isodiametric (central part) 
and radiate (margin) nonporate cells (textura 
angularis/prismatica) up to 12.5 µm long and 
ca 5 µm wide. Cell walls straight or rounded. 
Ostiole absent.

R e m a r k s. Most probably a fragment of 
a young, not fully developed microthyriaceous 
fruiting body. The specimen corresponds to 
average-developed thyriothecia of Phragmo-
thyrites kangukensis Kalgutkar described from 
Palaeogene deposits of Axel Heiberg Island 
from the Canadian Arctic (Kalgutkar 1997), 
confirmed by the characteristic rather large 
marginal cells of the scutellum.

Phragmothyrites sp.
Pl. 2, figs 3a, b

Material. Slide 144-812(2). One specimen.

D e s c r i p t i o n. Fruiting body orbicular, ca 
60 µm in diameter, margin irregularly sinuate. 
Scutellum composed of both isodiametric (cen-
tral part) and radiate (margin) nonporate cells 
(textura angularis/prismatica), 7.5–10.0 µm in 
diameter. Cell walls straight, rarely rounded. 
Ostiole absent.

R e m a r k s. Fruiting body shows morphology 
typical of the fossil genus Phragmothyrites 
(e.g. thin-walled, non-porate cells of scutel-
lum, absence of ostiole). The structure of 
the margin of the fructification is somewhat 
similar to Phragmothyrites serratus Saxena 
& Khare described from a borehole in Ter
tiary deposits of Tamil Nandu, India (Saxena 
& Khare 1992). The discussed Phragmothy-
rites sp. most probably represent a young 

stage of development of a microthyriaceous 
fruiting body (“germling”).

Incertae sedis fungal remain

Non-pollen palynomorph Type 8G (van 
Geel 1978), now HdV-8G (Miola 2012)

Pl. 3, figs 1a–c

1978	 Non-pollen palynomorph Type 8G, van Geel, p. 
55, pl. 4, figs 8G: a–f.

M a t e r i a l. Slide 144-811(1). One specimen.

D e s c r i p t i o n. Probably a fungal fruiting 
body, suborbicular, 140 × 150 µm in size. 
Scutellum composed of isodiametrical cells 
(textura angularis), rather small, ca 2.5 µm 
in diameter. Ostiole circular, small, ca 5 µm 
in diameter. Collar absent, cells surrounding 
ostiole similar to the remaining and differs 
only in darkened cell walls.

R e m a r k s. The morphology of this specimen 
points to its fungal affinity, but such forms 
are not observed among extant epiphyllous 
fungi of, for example, the families Asteri-
naceae, Meliolaceae, Micropeltidaceae, and 
Microthyriaceae. Identical fossil remains were 
described by van Geel (1978) as fungal non-
pollen palynomorph (NPP) type 8G from the 
Holocene peat bog section of the Engbertsdi-
jksveen, the Netherlands. Van Geel (op. cit.) 
found them associated with remains of epider-
mis of a monocotyledonous plant. According to 
Miola (2012), NPP type 8G, now HdV-8G, has 
not been reported since it was described. Kar 
and Saxena (1976) reported almost identical 
fungal remains as cf. Notothyrites sp. from the 
Palaeocene Matanomadth Formation in India. 
It differs, however, from the discussed fructi-
fication from the Krabbedalen Formation in 
having larger cells of the scutellum (2–6 µm).

DISCUSSION

In the Oligocene deposits of the Krabbedalen 
Formation, fruiting bodies of six fossil taxa of epi-
phyllous fungi from the family Microthyriaceae 
(Phragmothyrites kangukensis Kalgutkar, 
Phragmothyrites sp., Plochmopeltinites sp., Tri-
chothyrites cf. ostiolatus (Cookson) Kalgutkar 
& Jansonius, Trichothyrites sp. 1, and Tri-
chothyrites sp. 2) and one incertae sedis fungal 
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remain, probably also a fruiting body (non-
pollen palynomorph HdV-8G) were identified. 
Altogether there are seven fossil taxa but from 
only three genera. Fossil epiphyllous fungi have 
been regularly reported from the Palaeogene and 
Neogene of the Arctic, but most of the reports 
come from the Canadian Arctic and Alaska. 
Jansonius (1976), Kalgutkar (1985, 1993, 1995) 
and McIntyre (1991) reported the occurrence 
of fungal fructifications from the Palaeogene 
deposits. Later Kalgutkar (1997) described an 
abundant association of fossil fungal remains 
from the Palaeogene (Palaeocene/Eocene) Ice-
berg Bay Formation from Axel Heiberg Island 
in the Canadian Arctic. The numerous micro-
thyriaceous fructifications found there were 
represented by the species Callimothallus per-
tusus Dilcher, Euthyrites oleinites Cookson, 
Microthallites lutosus Dilcher, Microthyriacites 
sp., Paramicrothallites canadensis Kalgutkar, 
Phragmothyrites kangukensis Klagutkar, Plo-
chmopeltinites cooksoniae Ramanujam & Rao, 
and Trichothyrites sp. In Palaeogene (Eocene) 
deposits of the Amphitheatre Formation, Yukon 
Territories, Canada, Kalgutkar (1999) also found 
ascocarps of Callimothallus pertusus, Para-
microthallites canadensis, Phargmothyrites 
eocenicus, and Plochmopeltinites cooksoniae. 
From Palaeogene deposits of the Caribou Hills 
in northern Canada, Parsons (2000) described 
a rich assemblage of epiphyllous fungi repre-
senting the genera Callimothallus Dilcher, 
Desmidiospora Thaxter, Microthallites Dilcher, 
Paramicrothallites Jain & Gupta, Phragmoth-
yrites Edwards, Plochmopeltinites Cookson, 
and some other forms of fungal fructifications 
besides abundant remains of fungal spores. 
Recently Vickulin et al. (2010) reported thyri-
othecia of microthyriaceous fungi from needles 
of Metasequoia occidentalis from Palaeogene 
(Eocene) deposits of Axel Heiberg Island in the 
Canadian High Arctic.

Unlike all the mentioned assemblages of 
epiphyllous fungi from the Arctic, the fungal 
remains from the Krabbedalen Formation rep-
resent the youngest, Oligocene occurrence of 
the fungal fructifications in the Palaeogene of 
the Arctic. Most of the earlier-recorded taxa 
originate from Palaeocene and Eocene deposits. 
This is also the first report on the occurrence 
of fungal fruiting bodies in the Tertiary depos-
its in this part of East Greenland. From West-
ern Greenland, Hansen (1980) described fossil 
remains considered to be fossil algae Ulvella 

nannae Hansen. However, putative Ulvella 
nannae probably represents non-ostiolate fun-
gal fructifications of the genera Callimothal-
lus and Phragmothyrites. Moreover, they were 
found in considerably older, Cretaceous depos-
its. Fructifications described as Ulvella nannae 
were also reported from the Late Palaeocene to 
earliest Eocene Thyra Ø Formation in eastern 
North Greenland (Lyck & Stemmerik 2000).

In terms of taxonomic composition the assem-
blage of fungal remains from the Krabbedalen 
Formation is most similar to the Palaeogene 
assemblage from the Iceberg Bay Formation 
of Axel Heiberg Island in the Canadian Arc-
tic (Kalgutkar 1997). All fungal fruiting body 
genera from of the Krabbedalen Formation are 
present in the Iceberg Bay Formation, but the 
latter shows much greater taxonomic diversity. 
The fungal assemblage of the Krabbedalen 
Formation is significantly impoverished, prob-
ably due to global and local climate cooling in 
the Early Oligocene (Śliwińska & Heilmann-
Clausen 2011). The other localities with fun-
gal remains differ from the assemblage from 
the Krabbedalen Formation in the absence of 
epiphyllous fungi representing the genus Tri-
chothyrites.

Outside the Arctic, Kar and Saxena (1976) 
described an assemblage comprising very simi-
lar fungal fruiting bodies, from the Palaeocene 
Matanomadh Formation, Kutch District, India. 
Notothyrites (=Trichothyrites) setiferus Cook-
son and cf. Notothyrites sp. from the Matano-
madh Formation are almost identical to Tri-
chothyrites cf. ostiolatus and the non-pollen 
palynomorph HdV-8G, respectively, from the 
Krabbedalen Formation. Another locality with 
a fungal assemblage similar to East Greenland 
is the Miocene Cullen Formation, Tierra del 
Fuego, southern Argentina (García-Massini 
et al. 2004). Particularly similar are fructifi-
cations described from both localities as Plo-
chmopeltinites sp. Also showing some resem-
blance are Phragmothyrites eocenicus Edwards 
from the Cullen Formation (especially the 
specimen illustrated in fig. 2P, García-Massini 
et al. 2004) and Phragmothyrites kangukensis 
from the Krabbedalen Formation.

The presence of the fruiting bodies of epiphyl-
lous fungi is very useful for reconstructing the 
palaeoclimate and palaeoenvironment of East 
Greenland during the period of deposition of 
the Krabbedalen Formation. Their existence in 
a fossil state is correlated with a rather humid, 
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warm temperate to tropical climate (Dilcher 
1965, Lange 1976, Elsik 1978, Sherwood-Pike 
1988, Kalgutkar 1997, Kalgutkar & Jansonius 
2000, García-Massini et al. 2004, Limaye et al. 
2007, Lee et al. 2012). Modern epiphyllous 
fungi are encountered in areas characterized 
by humid climate and fairly stable temperature 
throughout the year (Schmiedeknecht 1995, 
Hofmann 2010, Kumar et al. 2011, Piepenbring 
et al. 2011). Most important for their growth 
are wet climatic conditions such as high annual 
rainfall and high air moisture (Selkirk 1975, 
Johnson & Sutton 2000, Limaye et al. 2007). 
There are, however, distinct differences in the 
ecology between certain families of epiphyllous 
fungi. Asterinaceae and plant-parasitic Micro-
thyriaceae are generally restricted to subtropi-
cal and tropical areas, while saprotrophic and 
hyperparasitic Microthyriaceae are also found 
in temperate regions of the world (Hofmann 
2010). Epiphyllous obligate parasitic Meliola-
ceae also prefer humid tropical to subtropical 
climate (Schmiedeknecht 1995). Unlike Meli-
olaceae, some microthyriaceous epiphyllous 
fungi do not require tropical to subtropical 
thermal conditions (Hofmann 2010), as some 
extant members of this family occur even in 
polar areas with wet climate (Lind 1928, Den-
nis 1968, Holm & Holm 1984). As a rule, how-
ever, epiphyllous fungi in extant communities 
show high abundance and taxonomic diver-
sity in warm, humid subtropical and tropical 
regions (Reynolds & Gilbert 2005, Thaung 
2006, Piepenbring et al. 2011). This pattern 
extends to the fossil state (Rao et al. 2013). 
Finally, extant epiphyllous fungi (both para-
sitic and saprophytic) seem to prefer coriaceous 
leaves (live or fallen) of evergreen plants, even 
in areas with temperate climate (e.g. Eriks-
son 1974, Kirk & Spooner 1989). For fungal 
taxa growing on the surface of living leaves, 
perennial leaves apparently provide a better 
substrate for fungal growth, allowing them to 
complete the life cycle (Flessa et al. 2012).

The fungal remains from the Oligocene 
of the Krabbedalen Formation at the Savoia 
Halvø were accompanied by rich palynologi-
cal material, consisting of sporomorphs (pol-
len grains and spores) and dinoflagellate cysts 
(Birkenmajer at al. 2010). The pollen spectra 
were dominated by gymnosperms (mainly 
bisaccates), with a low share of angiosperms 
in terms of both diversity and relative fre-
quency. Pollen grains of gymnosperms were 

represented by bisaccate Pinus sylvestris type 
(mainly Pinuspollenites labdacus), Pinus hap-
loxylon type/Cathayapollis, Picea (Piceapollis), 
Cedrus (Cedripites), Abies (Abiespollenites) and 
others, and non-bisaccate Sciadopitys (Sciado-
pityspollenites), Tsuga (Zonalapollenites), Tax-
odium/Glyptostrobus (Inaperturopollenites), 
and Sequoia (Sequoiapollenites). Among the 
angiosperms Ericaceae (Ericipites) were most 
common. Also recorded were single specimens 
of Diervillapollenites sp., Intratriporopollenites 
microreticulatus, Lonicerapollis gallwitzi, 
?Pistillipollenites mcgregori, Quercoidites sp., 
?Saxonipollis sp., and Tricolporopollenites sp. 
Spores represented mainly taxa of the families 
Lycopodiaceae (Retitriletes), Selaginellaceae 
(Echinatisporis), and Osmundaceae (Baculatis-
porites and Rugulatisporites) as well as others 
related to Schizaeaceae/Cyatheaceae (Leiotri-
letes), Polypodiaceae/Davalliaceae (Laevigato-
sporites and Perinomonoletes), and Pteridaceae 
(Cryptogrammasporis sp.).

The palynoflora most resembles the Oli-
gocene and Miocene spectra from the Hovgård 
(Hovgaard) Ridge, Greenland Sea (Boulter 
& Manum 1996), especially from its Oligocene 
part. It also shows some similarities to the 
middle Oligocene spore-pollen assemblages 
from Sarsbukta, Spitsbergen (Manum 1962, 
Boulter & Manum 1996) and the Miocene 
(Early and early Middle Miocene) pollen and 
spore assemblages described from the Baffin 
Bay (Head et al. 1989). The state of preserva-
tion of some sporomorphs (e.g. spores of Selag-
inella in tetrads) suggests that the distance to 
the terrestrial source was relatively short.

The composition of the pollen spectra accom-
panying epiphyllous fungi points to the pres-
ence of coniferous forests dominated by Pinus 
species, accompanied by Picea, Cupressaceae 
and others, with a minor share of angiosperms. 
Probably the forest understory was composed 
of ferns, Lycopodiaceae and Selaginellaceae, or 
these plants grew on open areas and at the 
edges of open water. Similar fossil plant com-
munities were described from other Tertiary 
Arctic localities (Boulter & Fisher 1994) but it 
is difficult to reconstruct the type of northern 
subarctic palaeoflora because there are no mod-
ern equivalents of the Tertiary palaeoenviron-
ment of the Arctic (Boulter & Manum 1996). 
The climate was then temperate with periodic 
light reduction (a few months of reduced light 
and even darkness each year). These conditions 
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surely demanded a special physiology and 
lifestyle for their inhabitants (Basinger et al. 
1994, Boulter & Manum 1996).

Similar conclusions about climate can be 
inferred from the fungal remains. The presence 
of epiphyllous microthyriaceous fungi in low 
quantities and in low taxonomical diversity 
points to a humid and not necessarily warm 
climate. Thus the results previously obtained 
from the analysis of microscopic plant remains 
are confirmed by data gleaned from epiphyl-
lous fungal fructifications.

Today the discussed area (East Greenland 
Sea) is characterised by cold (but with rela-
tively mild winters) and moderately humid 
polar climate (Alt 1987). Epiphyllous microthy-
riaceous fungi are now rare in this part of the 
Arctic but were reported from nearby Iceland 
as Trichothyrina (=Lichenopeltella) cf. nigroan-
nulata (Webst) J.P. Ellis, Stomiopeltis dryadis 
(Rehm) Holm, Morenoina sp., Schizothyrium 
sp., Holm & Holm (1984), and from more dis-
tant Spitsbergen as Microthyrium arcticum 
Oudem. (=Ronnigeria arctica (Oudem.) Petr.), 
Lind (1928), Petrak (1947).

The age of the deposits from the Krabbedalen 
Formation could not be inferred from the fungal 
remains, as stratigraphically relevant taxa do 
not occur in the assemblage.

CONCLUSIONS

•	 Six fossil taxa from the family Microthy-
riaceae (Phragmothyrites kangukensis Kalgut-
kar, Phragmothyrites sp., Plochmopeltinites 
sp., Trichothyrites cf. ostiolatus (Cookson) 
Kalgutkar & Jansonius, Trichothyrites sp. 1, 
and Trichothyrites sp. 2) and one incertae sedis 
fungal remain are reported here from the Oli-
gocene Krabbedalen Formation.

•	 The fungal remains from the Krabbeda-
len Formation represent the youngest, Oli-
gocene occurrence of the fungal fructifications 
in the Palaeogene of the Arctic. This is also the 
first report on the occurrence of fungal fruiting 
bodies in the Tertiary deposits of disscussed 
part of Eastern Greenland.

•	 In respect of its taxonomic composition the 
assemblage of fungal remains from the Krabbe-
dalen Formation is most similar to the Palaeo-
gene assemblage of the Iceberg Bay Formation 
from Axel Heiberg Island in the Canadian Arctic 
(Kalgutkar 1997). Assemblages from outside the 

Arctic that comprised very similar fungal fruit-
ing bodies were described from the Palaeocene 
Matanomadh Formation, Kutch District, India 
(Kar and Saxena 1976), and from the Miocene 
Cullen Formation, Tierra del Fuego, southern 
Argentina (García-Massini et al. 2004).

•	 The composition of pollen spectra accom-
panying epiphyllous fungi from the Krab-
bedalen Formation suggests the presence of 
coniferous forest dominated by Pinus species, 
accompanied by Picea, Cupressaceae and oth-
ers, with a minor share of angiosperms. Prob-
ably the forests understory was composed of 
ferns, Lycopodiaceae and Selaginellaceae, 
or else these plants grew on open areas and 
at the edges of open water. The climate was 
then temperate with periodic light reduction 
(a few months of reduced light and even dark-
ness each year). The presence of the fruiting 
bodies of epiphyllous fungi is generally corre-
lated with rather humid, warm temperate to 
tropical climate. The low quantities and low 
taxonomic diversity of epiphyllous fungi found 
in the Krabbedalen Formation point to humid 
and not necessarily warm climate, a sugges-
tion in conformity with earlier results from 
analysis of microscopic plant remains.

•	 No deductions on the deposition age of 
the Krabbedalen Formation could be drawn 
on the basis of the fungal remains, as strati-
graphically relevant taxa do not occur in the 
assemblage.
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Plate 1

Trichothyrites cf. ostiolatus (Cookson) Kalgutkar & Jansonius

1a. Fructification, specimen No. 144-812(1) 43/98.5
1b. Fructification, specimen No. 144-812(1) 43/98.5

Trichothyrites sp. 1

2a. Fructification, specimen No. 144-812(2) 40.5/100
2b. Fructification, specimen No. 144-812(2) 40.5/100

Trichothyrites sp. 2

3a. Fructification, specimen No. 144-812(1) 36/105
3b. Detail of scutellum structure, specimen No. 144-812(1) 36/105

2b, 3b: scale bar – 10 μm; 1a, 1b, 2a, 3a: scale bar – 20 μm
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Plate 2

Plochmopeltinites sp.

1a. Fructification, specimen No. 144-812(1) 43/109
1b. Detail of ostioale, specimen No. 144-812(1) 43/109
1c. Detail of scutellum structure, specimen No. 144-812(1) 43/109

Phragmothyrites kangukensis Kalgutkar

2a. Fructification, specimen No. 144-812(1) 35/100.5
2b. Fructification, specimen No. 144-812(1) 35/100.5

Phragmothyrites sp.

3a. Fructification, specimen No. 144-812(2) 44/100.5
3b. Fructification, specimen No. 144-812(2) 44/100.5

1b, 1c, 2a, 2b, 3a, 3b: scale bar – 10 μm; 1a: scale bar – 20 μm
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Plate 3

Non-pollen palynomorph Type 8G (van Geel 1978),  
now HdV-8G (Miola 2012)

1a. Fructification, specimen No. 144-811(1) 42.5/111.5
1b. Detail of ostioale, specimen No. 144-811(1) 42.5/111.5
1c. Detail of scutellum structure, specimen No. 144-811(1) 42.5/111.5

1b, 1c: scale bar – 10 μm; 1a: scale bar – 20 μm
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