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ABSTRACT

Saxena R.K. & Wijayawardene N.N. 2022. Fossil-extant relationship in Fungi and its palacoenvironmental
significance: Indian perspective. Geophytology 50(1&2): 95-126.

Fossil fungal remains are commonly found in macerated residues prepared for palynological studies and occur
in the form of spores, hyphae, sporocarps and mycorrhiza. In pre-Tertiary sediments of India, these are poorly
represented but are abundant and highly diversified in Tertiary and Quaternary sediments. Sporocarps of epiphyllous
fungi, recovered from the Indian Tertiary, can be compared with extant forms with greater accuracy than the spores.
These are variously shaped, ostiolate or non-ostiolate bodies made up of radiating rows of mycelia giving an
appearance of tissues arranged in a radiating fashion. It has been observed that except for some distinctive Tertiary
forms, fossil fungal remains cannot be generally ascribed to extant taxa, hence they are often described as form genera
under the Artificial System of Classification which is based on morphological characters. However, their affinities
with extant genera or with taxon of higher rank are provided, wherever possible. In quite a good number of cases, fossil
fungal species have been ascribed to extant genera. Three cases of fossil-extant relationship, e.g. Mediaverrunites
Jarzen & Elsik ex Nandi & A. Sinha 2007 vs. Potamomyces K.D. Hyde 1995, Polycellaesporonites Anil Chandra et
al. 1984 vs Alternaria Nees 1816 and Frasnacritetrus Taug. 1968 vs Tetraploa Berk. & Broome 1850, have been
discussed in this paper. Tracing relationship of fossil forms with their extant counterparts is of utmost importance in
placing them in the classification of Fungi. This is also indispensable in the interpretation of environment. Fossil
epiphyllous fungi are more reliable and advantageous for palaeoclimatic interpretations and their occurrence reflects
moist and humid climate of tropical to subtropical belts.

Keywords: Ascocarps, Fungal spores, fossil vs. extant fungi, palacoenvironment, India.

INTRODUCTION in the palynological preparations, have been

Fossil fungi are highly diversified. These are sporadically recorded since long (e.g. Williamson 1878,
reported in the form of spores, mycelia, sporocarps 1880, Kidston & Lang 1921, Edwards 1922) but their
and mycorrhiza. Fungal remains, commonly observed ~ Study received more attention with the amplification of
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palynological studies since the 1950s. A great spurt in
the fungal diversity is witnessed in Tertiary Period,
suggesting that their proliferation is linked with
diversification of angiosperms. The fossil records
suggest that Ascomycota, the largest and most
diversified group of modern fungi, got well established
during the Cretaceous Period and became
conspicuously abundant in the Tertiary Period (Jain
1974, Jansonius 1976, Jain & Kar 1979, Ramanujam
1982, Kalgutkar & Jansonius 2000, Tripathi 2009,
Saxena & Tripathi 2011). The majority of dispersed
fungal spores found in palynological preparations are
produced by taxa belonging to Ascomycota.

Ascospores are produced, usually in groups of four
or eight, inside a sac (ascus) by the so-called “perfect
morph” (teleomorph or sexual morph) of these fungi.
The “imperfect morph” (anamorph or asexual morph
or conidial stage or mitosporic fungi) may produce
several types of asexual spores, named as conidiospores
(or conidia). The Fungi Imperfecti also, comprising a
large group of fossil fungi with septate hyphae,
reproduce by conidia and other asexual spores.
Although their conidia are similar to those found in
Ascomycota, the lack of a sexual (perfect) stage and
also of DNA based phylogenetic analyses prevent
linking them to the latter class (i.e. Ascomycota).
Saprophytic Ascomycota may produce ascocarps of
macroscopic size and definite shape. These occur above
the ground, e.g. the cup fungi, or may remain
subterraneous, as in truffles (e.g. some taxa in
Leotiomycetes).

Based on characters, such as size, symmetry, pores
and septa, the spores are described under different
morphologic groups. Besides, sporocarps of
epiphyllous fungi can be compared with extant forms
with greater accuracy than the spores and are more
reliable and advantageous for palaeoclimatic
interpretations. The fructifications or the ascocarps are
variously shaped, ostiolate or non-ostiolate bodies
made up of radiating rows of mycelia, giving an
appearance of tissues arranged in a radiating fashion.
The ascocarps contain asci. Besides, studies particularly
focusing the host-fungus relationship are of great

significance in attempting the palaecoenvironmental
interpretations.

During the last four decades or so, serious efforts
have been made on the study of fossil fungi laying
emphasis on their phylogenetic, stratigraphic and
environmental aspects. In order to include all records
of fossil fungal remains from the Indian Tertiary
sediments, published till 2005, three catalogues were
published (Lakhanpal et al. 1976, Saxena 1991, 2006).
Data generated on fossil fungi are significant but a large
number of fossil fungal forms needed taxonomic revision,
as these were either not validly published or their
diagnoses and status were not properly defined. Hence,
many species of different genera were recombined with
some other suitable genera (Saxena & Tripath12011).

CENOZOIC SEDIMENTS OF INDIA

As stated above, fossil fungi are most abundant in
the Cenozoic sediments (Saxena & Tripathi 2011,
Saxena et al. 2021), hence their briefaccount in India
is given ahead. Cenozoic sediments are exposed in both

China =

~ L~
1 "Vhniiass

(Banglades
4 N /
‘ e W ‘:\Myanmla[ ]
pit \_
P N
‘.'\
.
\ /\/""
Arabian Sea \ Bay of Bengal

(
Chennaley

|

Figure 1. Map of India showing areas of Tertiary exposures from
where fossil fungi have been recorded (Modified after Saxena &
Tripathi 2012).
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peninsular and extra-peninsular parts of India
(Figure 1). In peninsular region, these sediments occur
in eastern, north-eastern, southern and western parts
of India. In extra-peninsular region, these rocks are
distributed in wide geographical areas of Himalayan
Foothills, Lesser as well as Tethys Himalayas. Early
Tertiary rocks in Lesser Himalayas are characterized
by marine sequences but those of the later part of this
period are estuarine or fresh-water deposits.
Collectively, these sediments are recognized as Subathu-
Murree-Siwalik succession and range in age from
Eocene to Early Pleistocene. Tertiary rocks of eastern
India range in age from Palacocene to Pliocene and
are found in Andaman and Nicobar Islands and as
subsurface sediments in Bengal Basin. Tertiary
sediments are also extensively exposed in north-eastern
part of India covering Assam, Meghalaya, Arunachal
Pradesh and adjoining states. In Assam and Meghalaya,
these are developed in the form of geosynclinal and
shelf facies and are named differently. In south, Tertiary
sediments occur along the eastern coastal strip of
Cauvery Basin and Malabar and Coromandal coasts
on the western side. In western part of India, Tertiary
sediments are found in Rajasthan and Gujarat states.
These sequences are known for extensive Tertiary
deposits embodying many workable lignite seams.
Complete sequence of Palaeocene to Pliocene
sediments is developed in western and southern parts
of the Kutch Basin, Gujarat. Tertiary sequence of
Rajasthan and Cambay basins are largely covered with
alluvium. In Rajasthan, these rocks range in age from
Palaeocene to Early Eocene. The Cambay Basin
sediments are of Palacocene to Pliocene age.

FOSSIL-EXTANT RELATIONSHIPIN FUNGI

Wijayawardene et al. (2020a) published an outline
of'the classification of the Kingdom Fungi (including
fossil fungi. i.e. dispersed spores, mycelia, sporophores,
mycorrhizas) and placed all fungal genera at phylum-,
class-, order- and family-level. This work was updated
by Wijayawardene et al. (2022). Wijayawardene et al.
(2020b) published details of the website http://
outlineoffungi.org, which was launched to provide a

continuous update ofthe above mentioned Outline of
Fungi and presents an important platform for
researchers, industries, government officials and other
users. Saxena and Tripathi (2011) synthesized the
available information on Indian fossil fungi published till
then. Saxena et al. (2021) presented diversity in
dispersed fossil fungal spores recorded so far and
attempted to trace affinity of fossil fungi with the living
ones. Needless to say that establishing relationship of
fossil fungal remains with their extant counterparts is
extremely useful in studies on evolution and
environmental interpretation. A summary of Indian fossil
fungal taxa and their affinities with extant fungal taxa of
suprageneric ranks is presented in Table 1.

FOSSIL SPECIES DESCRIBED UNDER
EXTANT GENERA

It has been observed that in most cases, fossil fungal
remains cannot be ascribed to extant taxa, hence they
are often described as form taxa under the Artificial
System of Classification which is based on
morphological characters only. However, their affinities
with extant genera or with taxon (or taxa) of higher
rank are provided, wherever possible. On the other
hand, when it is possible to allocate fossil fungal
specimens to extant taxa, they are described under
extant species, e.g. Annellophora mussaendae M.B.
Ellis., Entophlyctis lobata Willoughby & Townley,
Tetraploa aristata Berk. & Broome, T. ellisii Cooke
(Gupta 1970) or under extant genera, e.g. Alternaria
sp. (Rao & Menon 1970, Sharma 1976, Mallesham et
al. 1989), Chaetomium sp. (Banerjee & Nandi 1992),
Isthmospora sp. (Ramanujam & Srisailam 1980),
Meliola sp. (Ramanujam & Rao 1978, Prasad &
Ramesh 1983, Varma & Patil 1985, Saxena & Rao
1996) and Periconia sp. (Sarkar & Singh 1994,
Mandaokar et al. 2008). In yet other cases, when
specimens are ascribed to an extant genus but cannot
be placed in any of its known species, new fossil species
is proposed under the extant genus. Such species are
called fossil species because of their types being fossil.
Information about such species recorded from the
Indian sediments is summarized in Table 2.
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Table 2. Extant fungal genera to which fossil species have been assigned and their Indian records.

Phylum Class Order Family Extant Fossil species Indian records
genus recorded from India
Ascomycota  Dothideom-  Asterinales Asterinacea  Asterina A. eocenica Dilcher Ramanujam and Rao 1973, p. 206,
Caval.-Sm.  ycetes O.E. M.E.Barrex e Hansf. Lév. 1965 plate 3, figure 21, Warkalli Formation
Erikss. & D. Hawksw. & (Miocene), Varkala, Kerala.
Winka O.E. Erikss.

A. indodeightonii
Vishnu et al. 2017

A. mioconsobrina
Vishnu et al. 2017

A. miosphaerelloides
Vishnu et al. 2017

A. neocombreticola
Vishnu et al. 2017

A. neoelaeocarpi
Vishnu et al. 2017

A. presaracae Vishnu
et al. 2017

Botryosphaeria Botryosphae Diplodia Fr. D. rodei Mahab. 1969

les C.L. riaceae
Schoch et al. Theiss. &
Syd.

D. sahnii Singhai 1974

Dothideales Dothioracea Sarcophoma S. deccanii R.B. Singh
Lindau e Theiss. & Hohn. & G.V. Patil 1980
Syd.

Vishnu et al. 2017, p. 152, figure
4A—-C, Upper Siwalik (Kimin
Formation, Late Pliocene to Early
Pleistocene), Road cuttings along the
[tanagar-Banderdewa road in
Papumpare district, Arunachal
Pradesh.

Vishnu et al. 2017, p. 152, figure
4D-G, Upper Siwalik (Kimin
Formation, Late Pliocene to Early
Pleistocene), Road cuttings along the
[tanagar-Banderdewa road in
Papumpare district, Arunachal
Pradesh.

Vishnu et al. 2017, p. 155, figures
5A-F, Upper Siwalik (Kimin
Formation, Late Pliocene to Early
Pleistocene), Road cuttings along the
[tanagar-Banderdewa road in
Papumpare district, Arunachal
Pradesh.

Vishnu et al. 2017, p. 158, figures
67, Lower Siwalik (Dafla Formation,
Middle to Late Miocene), Road
cuttings to the south of Pinjoli area in
West Kameng district, Arunachal
Pradesh

Vishnu et al. 2017, p. 161, figures
8A-F, Lower Siwalik (Dafla
Formation, Middle to Late Miocene),
Road cuttings to the south of Pinjoli
area in West Kameng district,
Arunachal Pradesh

Vishnu et al. 2017, p. 161, figures
9A-F, Middle Siwalik (Subansiri
Formation, Pliocene), Road cuttings to
the Bhalukpong area in West Kameng
district, Arunachal Pradesh

Mahabale 1969, p. 295, plate 1,
figures 1-6, Deccan Intertrappean
Series (Early Tertiary), Mohgaon
Kalan, Chhindwara District, Madhya
Pradesh.

Singhai 1974, p. 97, plate 1, figures
5-8, Deccan Intertrappean Beds (Late
Cretaceous, Maastrichtian), Mohgaon
Kalan, Chhindwara District, Madhya
Pradesh, India.

Singh and Patil 1980, p. 17-18, plate
1, figures 67, text-figures 9-10,
Deccan Intertrappean Series (Late
Cretaceous), Mohgaon Kalan,
Chhindwara District, Madhya
Pradesh.
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Pleosporales  Didymellace Epicoccum  E. deccanense R. Srivastava et al. 2009, p. 16, plate 1,
Luttr. ex M.E. ae Gruyter  Link Srivast. et al. 2009 figures 1-6, plate 2, figures 1-7,
Barr et al. Deccan Intertrappean Beds (Late
Maastrichtian-Danian), Jhargad, near
Jhadgaon village, Yavatmal District,
Maharashtra, India.
Leotiomycete Helotiales Mollisiacea Trimmatostr T. intertrappea K.S. Patil and Datar 2002, p. 32-34, plate
s O.E. Erikss. Nannf. e Rehm oma Corda.  Patil & Datar 2002 1, figures 1-4, text-figures 1-8,
& Winka Deccan Intertrappean Beds (Late
Cretaceous-Palaeocene), Nawargaon-
Maragsur area, Wardha District,
Maharashtra.
Sordariomyce Diaporthales  Incertae Botryodiplod B. mohgaoensis Barlinge and Paradkar 1982, p.
tes O.E. Nannf. sedis ia Sacc. Barlinge & Paradkar 168-169, plate 1, figure G, text-
Erikss. & 1982 figures A—E, Deccan Intertrappean
Winka Series (?Late Cretaceous), Mohgaon
Kalan, Chhindwara District, Madhya
Pradesh.
Sordariales Incertae Monotospore M. doerfeltii Sadowski  On degraded thallus of cladoniform
Chadef. ex D.  sedis lla S. et al. 2012 lichen from Eocene amber, Gujarat.
Hawksw. & Hughes
O.E. Erikss.
Incertae sedis Incertae sedis  Incertae Desmidiospo D. willoughbyi (W.H.  Jain and Gupta 1970, p. 180, plate 1,
sedis ra Thaxt. Bradley) D.L.E. Glass  figures 3—5, Quilon Beds (Early
et al. 1986 Miocene), Kollam, Kerala.
Potamomyce P. elsikii (Nandi & A.  Nandi and Sinha 2007, p. 99, plate 1,
s K.D. Hyde Sinha) Nufiez Otafio et figure 7, Text-figure 2B, Middle
al. 2017 Miocene, Mizoram.
P. mulleri (Nandi & A. Nandi and Sinha 2007, p. 98, plate 1,
Sinha) Nufiez Otafio et  figure 1-6, 8, 9, Text-figure 2A,
al. 2017 Middle Miocene, Mizoram.
Tetracoccos T.eocenum Biradar &  Biradar and Mahabale 1974, p.
porium Mahab. 1974 223-226, plate 1, figures 14, text-
Szabo figures 1-4, Deccan Intertrappean
Series (Maastrichtian), Mohgaon
Kalan, Chhindwara District, Madhya
Pradesh.

Basidiomycot Ustilaginomy Urocystidales — Glomospori Thecaphora T. mohgaoensis Chitaley and Yawale 1978, p. 190,

a R.T. Moore cetes R. R. Bauer & aceae Cif.  Fingerh (Chitaley & Yawale) plate 1, figure 1, Late Cretaceous,
Bauer, Oberw. R.K. Saxena et al. Maastrichtian, Mohgaon Kalan,
Oberw. & 2021] Chhindwara District, Madhya
Vanky Pradesh; Saxena and Ranhotra 2009,

p. 692, figure 3.33, Intertrappean Beds
(Early Palacocene), 5 km west of
Naredi, on Naliya-Narayan Sarovar
Road, Kutch District, Gujarat.
Urocystidac  Mundkurella M. mohgaoensis Chitaley and Yawale 1978, p. 193,
eae Thirum. Chitaley & Yawale plate 1, figures 56, Late Cretaceous,
Begerow et 1978 Maastrichtian, Mohgaon Kalan,
al. Chhindwara District, Madhya
Pradesh.
FOSSIL VS. EXTANT: CASE STUDIES Broome 1850.

Three cases of fossil vs. extant in fungi are
discussed here. These are: 1. Mediaverrunites Jarzen
& Elsik ex Nandi & A. Sinha 2007 vs. Potamomyces
K.D. Hyde 1995. 2. Polycellaesporonites Anil
Chandra et al. 1984 vs. Alternaria Nees 1816. 3.
Frasnacritetrus Taug. 1968 vs. Tetraploa Berk. &

Case 1 — Mediaverrunites Jarzen & Elsik ex
Nandi & A. Sinha 2007 versus Potamomyces K.D.
Hyde 1995.

Muller (1959) recorded a characteristic unicellular
fungal spore, having several verrucae at the equatorial
region, from the Recent shelf sediments of the Orinoco
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Delta, Venezuela. He, however, did not assign it to any
named taxon. Elsik (1976) illustrated identical spores
and informally named it Mediaverrusporonites. Jarzen
and Elsik (1986) informally used the name
Mediaverrunites to accommodate these spores but
they neither proposed it as a genus nor assigned any
species to it. They described Mediaverrunites as
follows: “Fungal spores one-celled, with a single
aperture (some specimens appear inaperturate), outline
oval to elliptical, pore situated at one end of axis, 7 pm
in diameter; spore colour medium brown; septum
lacking, but with a shadow band, 10—12 pum wide;
surface psilate except for shadow band which is
ornamented with 8 (97?) large verrucae, 10—12 pmin
diameter; verrucae dark brown to black; spore wall
thin <1 pm thick; spore length 62—65 pm, spore width
33-35 um.” Nandi and Sinha (2007) were the first to
formally describe Mediaverrunites as a genus and
designated Mediaverrunites mulleri Nandi & A. Sinha
2007 as its type species. Nandi and Sinha (2007),
however, considered Jarzen and Elsik (1986) as the
author ofthe genus and proposed an emended diagnosis.
Saxena et al. (2021) interpreted that Nandi and Sinha
(2007) were the original authors (not the validating
authors) of Mediaverrunites because earlier authors

had no intention of proposing it as a genus nor they
assigned any species to it. The original diagnosis of the
genus, as given by Nandi and Sinha (2007), is as follow:
“Spores aseptate, oval to elliptical, monoaperturate (or
sometimes inaperturate), pore situated at the basal end
ofthe axis, equatorial region ornamented with flat or
slightly elevated verrucae that remain arranged either
freely around the equator or merge to forma shallow,
thin to wide, dark to light, shadow-like rim or band,
verrucae large or small, apex of verrucae rounded or
slightly connate, spore wall psilate to sculptured.” The
genus name is derived from the Latin media referring
to the central position of the verrucae.

Based upon overall similarity, Nufiez Otaio et al.
(2017) considered Mediaverrunites to be a later
synonym of Potamomyces. They, therefore transferred
seven species of Mediaverrunites (viz. M. batii Sancay
2014, M. elsikii Nandi & A. Sinha 2007, M. fournieri
Elsik & Jarzen 2009, M. invaginatus Elsik & Jarzen
2009, M. magnus Elsik & Jarzen 2009, M. mulleri
Nandi & A. Sinha 2007 and M. pontidiensis Sancay
2014) to Potamomyces K.D. Hyde 1995. However,
only two species, viz. M. elsikii and M. mulleri,
described by Nandi and Sinha (2007), have been
recorded from India (Figure 2, Table 3).

Figure 2. Showing various species of Mediaverrunites Nandi & A. Sinha 2007 (Current name: Potamomyces K.D. Hyde 1995).

*A. Potamomyces batii (Sancay) ex Nufiez Otafio et al. 2017. Scale Bar = 20 pm. B. Potamomyces elsikii (Nandi & A. Sinha) Nufiez Otafio et
al. 2017. Scale Bar = 10 um. "C. Potamomyces fournieri (Elsik & Jarzen) Nufiez Otafio et al. 2017. Scale Bar = 10 um. "D. Potamomyces
invaginatus (Elsik & Jarzen) Nufiez Otafio et al. 2017. Scale Bar = 10 pm. "E. Potamomyces magnus (Elsik & Jarzen) Nufiez Otafio et al.
2017. Scale Bar = 10 um. F. Potamomyces mulleri (Nandi & A. Sinha) Nufiez Otafio et al. 2017. Scale Bar = 10 pm. "G. Potamomyces
pontidiensis (Sancay) ex Nufiez Otafio et al. 2017 Sancay 2014. Scale Bar = 20 pm ("not found in India).
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Table 3. Showing fossil extant relationship and Indian records of various species allocated to Mediaverrunites Nandi & A. Sinha 2007
(Current name: Potamomyces K.D. Hyde 1995). Five species, not recorded from India, are marked with an asterisk (*) and their first
occurrence is given here.

Suprageneric taxa

Extant genus/ Fossil
genus

Fossil species

Indian/ “other records

Phylum: Ascomycota

Class: Incertae sedis

Order: Incertae sedis
Family: Incertae sedis

*Mediaverrunites batii
Sancay 2014 [Current
name: Potamomyces batii
(Sancay) ex Nufiez-Otafio
etal.2017]

Potamomyces K.D.
Hyde 1995/
Mediaverrunites
Jarzen & Elsik ex
Nandi & A. Sinha
2007

Mediaverrunites elsikii
Nandi & A. Sinha 2007
[Current name:
Potamomyces elsikii
(Nandi & A. Sinha)
Nufiez-Otaiio et al. 2017]

*Mediaverrunites
fournierii Elsik & Jarzen
2009 [Current name:
Potamomyces fournierii
(Elsik & Jarzen) Nuiiez-
Otafio et al. 2017]

*Mediaverrunites
invaginatus Elsik &
Jarzen 2009 [Current
name: Potamomyces
invaginatus (Elsik &
Jarzen) Nufiez-Otafio et
al. 2017]

*Mediaverrunites magnus
Elsik & Jarzen 2009
[Current name:
Potamomyces magnus
(Elsik & Jarzen) Nuiiez-
Otaio et al. 2017]
Mediaverrunites mulleri
Nandi & A. Sinha 2007
[Current name:
Potamomyces mulleri
(Nandi & A. Sinha)
Nuifiez-Otafio et al. 2017]
*Mediaverrunites
pontidiensis Sancay 2014;
[Current name:

Potamomyces pontidiensis

(Sancay) ex Nufiez-Otafio
etal. 2017]

Not recorded from India. Original occurrence:
Sancay 2014, p.35, plate 1, figures 1-3, Late
Miocene, Turkey.

Nandi and A. Sinha 2007, p. 99, plate 1, figure 7,
text-figure 2B, Neogene, Rengtekawn-Sherlui Road
Traverse, Mizoram.

Not recorded from India. Original occurrence: Elsik
and Jarzen 2009, 102, plate 1, figures 1-5, Early
Miocene, Colombia, South America.

Not recorded from India. Original occurrence: Elsik
and Jarzen 2009, p. 102, plate 2, figures 1-5, Early
Miocene, Colombia, South America.

Not recorded from India. Original occurrence: Elsik
and Jarzen 2009, p. 102, plate 2, figures 68, Early
Miocene, Colombia, South America.

Nandi and Sinha 2007, p. 98, plate 1, figures 1-6, 8,
9, text-figure 2A, Neogene, Rengtekawn-Sherlui
Road Traverse, Mizoram.

Not recorded from India. Original occurrence:
Sancay 2014, p. 35, plate 2, figures 1-2; Late
Miocene, Turkey.

Case 2 — Polycellaesporonites Anil Chandra et
al. 1984 versus Alternaria Nees 1816.

Chandra et al. (1984) proposed
Polycellaesporonites from the Late Quaternary
sediment core, Arabian Sea and assigned P. bellus Anil
Chandra et al. as its type species. They provided the
following diagnosis for this genus: “Capsular fungal
spores; inaperturate; one end of the spore is rounded

while the other gives rise to a tube-like projection;
multicellate; cells arranged in clusters, and not in a row
or along a single axis; spore wall laevigate.” Kalgutkar
and Jansonius (2000) emended the generic diagnosis
as follows: “Muriform spores with a hilum, and distally
with an elongated, knob-like or beaked, extension;
overall structure as that in the extant Alternaria”. Later,
Gupta (2002) emended the generic diagnosis as
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Table 4. Showing fossil extant relationship and Indian records of various species allocated to Polycellaesporonites Anil Chandra et al. 1984
(Current name: Alternaria Nees 1816). Two species, not recorded from India, are marked with an asterisk (*) and their original occurrence is

given here.

Suprageneric taxa Extant genus/ Fossil

genus

Fossil species

Indian/ “other records

Phylum: Ascomycota Alternaria Nees 1816/

Class: Dothideomycetes Polycellaesporonites

Anil Ch 1. 1984
Order: Pleosporales nil Chandra et al. 198

Family: Pleosporaceae

*Polycellaesporonites
acuminatus (Rouse & Mustard)
Kalgutkar & Janson. 2000
[Current name: Alternaria
acuminata (Rouse & Mustard)
Saxena et al. 2022]

Polycellaesporonites
alternariatus (Kalgutkar &
Sigler) Kalgutkar & Janson.
2000 [Current name: Alternaria
alternariata (Kalgutkar &
Sigler) Saxena et al. 2022]

Polycellaesporonites bellus
Anil Chandra et al. 1984
[Current name: Alternaria bella
(Anil Chandra et al.) Saxena et
al. 2022]

*Polycellaesporonites
clavellatus (Z.-C. Song & G.-X.
Li) Kalgutkar & Janson. 2000
[Current name: Alternaria
clavellata (Z.-C. Song & G.-X.
Li) Saxena et al. 2022]

Polycellaesporonites psilata A.
Gupta 2002 [Current name:
Alternaria psilatus (A. Gupta)
Saxena et al. 2022]

Polycellaesporonites saxenae
A. Gupta 2002 [Current name:
Alternaria saxenae (A. Gupta)
Saxena et al. 2022]

Polycellaesporonites
sirmaurensis A. Gupta 2002
[Current name: Alternaria
sirmaurensis (A. Gupta) Saxena
et al. 2022]

Not recorded from India. Original occurrence:
Mustard and Rouse 1994, p. 142, plate 4, figure
15, Late Paleocene, Strait of Georgia, eastern
Vancouver Island, the Fraser River lowlands of
southwest British Columbia, and the
northwestern Washington State, USA.

Saxena and Ranhotra 2009, p. 692, figure 3.30,
Intertrappean Beds (Early Palaecocene), 5 km
west of Naredi, on Naliya-Narayan Sarovar
Road, Kutch District, Gujarat.

Chandra et al. 1984, p. 49, plate 2, figures
20-21, text-figure 2, Late Quaternary, Sediment
core no. 1, Arabian Sea; Saxena et al. 1988, p.
277, plate 2, figure 30, Pinjor Formation
(Pliocene), Masol-Kiratpur Section, Ambala
District, Haryana; Saxena and Bhattacharyya
1987, p. 189, Lower Siwalik-Nahan and Upper
Siwalik (Middle Miocene-Pliocene), Kala Amb-
Nahan Section, Sirmaur District, Himachal
Pradesh; Saxena and Bhattacharyya 1990, p.
113, Dharmsala Group (Oligocene-Early
Miocene), Churan Khad Section near
Dharmsala, Kangra District, Himachal Pradesh;
Saxena and Ranhotra 2009, p. 692, figure
3.31-32, Intertrappean Beds (Early Palacocene),
5 km west of Naredi, on Naliya-Narayan Sarovar
Road, Kutch District, Gujarat.

Not recorded from India. Original occurrence:
Song and Li in Song et al. 1989, p. 40, plate 2,
figure 21, Middle-Late Oligocene, Shahejie and
Dongying Formations: Heze County and
Shenxian County of Shandong Province, China.

Gupta 2002, p. 146, plate 4, figure 7, Subathu
Formation (Eocene), Dadahu Road Section,
Sirmaur District, Himachal Pradesh.

Gupta 2002, p. 145, plate 4, figure 4, Subathu
Formation (Eocene), Jamtah Road Section,
Sirmaur District, Himachal Pradesh.

Gupta 2002, p. 145, plate 4, figure 3, Subathu
Formation (Eocene), Dadahu Road Section,
Sirmaur District, Himachal Pradesh.

follows: “Capsular spore, one end ofthe spore gives
rise to tube like projection, multicellate, inaperturate,
cells arranged in clusters and not in a row or along a
single axis, spore wall laevigate to ornamented” and

proposed three new species. Altogether, seven species
of Polycellaesporonites are known, viz. P. acuminatus
(Rouse & Mustard) Kalgutkar & Janson. 2000, P,
alternariatus (Kalgutkar & Sigler) Kalgutkar &
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Figure 3. Showing various species of Polycellaesporonites Anil Chandra et al. 1984 (Current name: Alternaria Nees 1816).

“A. Alternaria acuminata (Rouse & Mustard) R K. Saxena et al. 2022. Scale Bar = 20 um. B. Alternaria alternariata (Kalgutkar & Sigler) R.K.
Saxena et al. 2022. Scale Bar = 15 um. C. Alternaria bella (Anil Chandra et al.) R K. Saxena et al. 2022. Scale Bar = 15 pm. "D. Alternaria
clavellata (Z.-C. Song & G.-X. Li in Song et al.) R.K. Saxena et al. 2022. Scale Bar = 20 um. E. Alternaria psilata (A. Gupta) R.K. Saxena et
al. 2022. Scale Bar = 10 um. F. Alternaria saxenae (A. Gupta) R.K. Saxena et al. 2022. Scale Bar = 5 um. G. Alternaria sirmaurensis (A.
Gupta) R.K. Saxena et al. 2022. Scale Bar = 15 um (" not found in India).

Janson. 2000, P. bellus Anil Chandra et al. 1984, P,
clavellatus (Z.-C. Song & G.-X. Li) Kalgutkar &
Janson. 2000, P. psilatus A. Gupta 2002, P. saxenae
A. Gupta 2002 and P. sirmaurensis A. Gupta 2002.
All the species, except P. acuminatus and P.
clavellatus, have been recorded from India.

Based upon overall similarity, Saxena et al. (2022)
considered Polycellaesporonites to be a later synonym
of Alternaria and transferred all the seven species of
former to the latter (Figure 3, Table 4).

Case 3 — Frasnacritetrus Taug. 1968 versus
Tetraploa Berk. & Broome 1850.

Taugourdeau (1968) proposed Frasnacritetrus
(Type species: F josettae Taug. 1968) with following
diagnosis: “Organic-walled microorganism, generally of
cylindrical shape tending to a rounded slightly bell-
shaped parallelepiped, in transversal section nearly
circular at one pole, becoming rectangular with rounded
corner at the opposite pole which carries four hollow
horns (or “processes”) that extend the ribs of the body.”
Taugourdeau (1968) stated that this single specimen
does not resemble any microfossil already described.
He also did not rule out possibility of contamination.

He speculated possibility of this specimen being either
a broken Diacrodian or half an organism of some
Conjugales (Desmidiales) or linear colony such as
certain Desmochitina or hydrozoans. But he rejected
all the above possibilities and could not reach to any
conclusion. Saxena and Sarkar (1986) emended the
generic diagnosis, to allow inclusion of a number of
fungal conidia that show a general similarity to the
morphology of Tetraploa. This fungus generally grows
on Poaceae, and the fossil species occur in association
with grass pollen. Saxena and Sarkar (1986) adduced
this to support their suggestion that Frasnacritetrus
should not be considered an acritarch but a fossil genus
with affinity to Tetraploa. Accordingly, they emended
the generic diagnosis as follows: “Microfossils having
two to four processes. Body subrectangular, unicellular
or divided into chambers by septa, smooth or variously
sculptured. Processes mostly smooth but may also be
sculptured, unicellular or septate. Main body of the
microfossils generally rectangular-subrectangular but
variously shaped; either unicellular or divided into
longitudinal chambers by vertical septa or
multichambered, being divided by both vertical and
transverse septa; septa may be complete or incomplete,
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Figure 4. Showing various species of Frasnacritetrus Taug. 1968.

A. Frasnacritetrus conatus R.K. Saxena & S. Sarkar 1986. Scale Bar = 10 um. B. Frasnacritetrus indicus R K. Saxena & S. Khare 1992. Scale
Bar = 10 um. C. Frasnacritetrus jamthaensis A. Gupta 2002. Scale Bar = 15 um. "D. Frasnacritetrus josettae Taug. 1968. Scale Bar = 5 um.
E. Frasnacritetrus masolensis R.K. Saxena & S.K.M. Tripathi 2011. Scale Bar =20 pum. F. Frasnacritetrus siwalikus R.K. Saxena et al. 1988.
Scale Bar = 10 um. G. Frasnacritetrus taugourdeaui R K. Saxena & S. Sarkar 1986. Scale Bar = 10 um (" not found in India).

Table 5. Showing fossil-extant relationship and Indian records of various species allocated to Frasnacritetrus Taug. 1968. One species, not
recorded from India, is marked with an asterisk (*) and its original occurrence is given here.

Suprageneric taxa Extant genus/ Fossil species Indian/ “other records

Fossil genus
Phylum: Ascomycota Tetraploa Berk. & Frasnacritetrus Saxena and Sarkar 1986, p. 215-216, plate 1, figures 45, text-
Class: Dothideomycetes Broome 1850/ conatus R.K. Saxena  figure 3, Kasauli Formation and Lower Siwalik (Miocene),
Order: Pleosporales Frasnacritetrus & S. Sarkar 1986 near Banethi, Sirmaur District, Himachal Pradesh, and
Family: Taug. 1968 Nalagarh—Ramshahr Road Section, Solan District, Himachal
Tetraplosphaeriaceae Pradesh; Sarkar 1997, p. 102, 104, 108, Subathu Formation

(Eocene), 20 km southeast of Bilaspur on Shimla-Bilaspur
Highway, Bilaspur District, Himachal Pradesh; Saxena 2000,
p- 163, Sindhudurg Formation (Miocene), Mavli Mine at Redi,
Sindhudurg District, Maharashtra; Saxena and Ranhotra 2009,
p. 692, figure 3.18, Intertrappean Beds (Early Palacocene), 5
km west of Naredi, on Naliya-Narayan Sarovar Road, Kutch
District, Gujarat.

Frasnacritetrus Saxena and Khare 1992, p. 42, plate 1, figure 17, Late
indicus R K. Saxena  Palacocene-Middle Eocene, Jayamkondacholapuram Well 12,
& Khare 1992 Tiruchirapalli District, Tamil Nadu; Saxena and Ranhotra

2009, p. 692, figure 3.23, Intertrappean Beds (Early
Palaeocene), 5 km west of Naredi, on Naliya-Narayan Sarovar
Road, Kutch District, Gujarat.

Frasnacritetrus Gupta 2002, p. 148, plate 5, figures 1-3, Subathu and Dagshai
Jjamthaensis A. Gupta formations (Late Palacocene-Early Oligocene), Dadahu Road
2002 Section, Sirmaur District, Himachal Pradesh.
*Frasnacritetrus Not recorded from India. Original occurrence: Taugourdeau

Jjosettae Taug. 1968 1968, p. 3, plate 1, figures 1-4, Late Devonian (Frasnian),
Boulonnais, Marquise, France.

Frasnacritetrus Saxena et al. 1988, p. 278, plate 2, figure 34, Tatrot and Pinjor
masolensis R.K. Formations (Pliocene), Masol-Kiratpur Section, Ambala
Saxena & S.K.M. District, Haryana.

Tripathi 2011

Frasnacritetrus Saxena et al. 1988, p. 277, plate 2, figures 31-33, Tatrot and
siwalikus R K. Saxena Pinjor Formations (Pliocene), Masol-Kiratpur Section, Ambala
et al. 1988 District, Haryana; Kumar and Takahashi 1991, p. 609, plate 7,

figure 6, plate 16, figure 11, Lower Bhuban and Bokabil
formations (Early-Middle Miocene), Silchar-Haflong Road
Section, Assam; Kumar 1994, p. 55, plate 27, figure 6, Lower
Bhuban Formation (Early Miocene), Silchar-Haflong Road
Section, Assam; Singh and Sarkar 1994, p. 52, Kasauli
Formation (Early Miocene), Kasauli, Solan District, Himachal

Pradesh.
Frasnacritetrus Saxena and Sarkar 1986, p. 213-215, plate 1, figures 1-3, text-
taugourdeaui R.K. figure 2, Kasauli Formation and Lower Siwalik (Miocene),
Saxena & S. Sarkar near Banethi, Sirmaur District, Himachal Pradesh and

1986 Ramshahr Well no.1, Solan District, Himachal Pradesh.
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sometimes septa faintly developed; body either smooth
or ornamented with grana, verrucae or coni, etc.,
sculpturing elements may be closely or sparsely or
evenly distributed”. Two to four processes arising from
one end of the body (although in Frasnacritetrus sp.
4, three processes are attached at the end of the body
while the fourth one comes out from the middle ofthe
body); generally broader at the base and tapering
towards the apices; cylindrical or ribbon-like; either
aseptate-unicellular or septate, septa one to many in
each process; apex of processes pointed or blunt.
Frasnacritetrus is not comparable to any ofthe known
fossil palynogenera”.

Altogether, seven species of Frasnacritetrus are
known, viz. F. conatus R K. Saxena & S. Sarkar 1986,
F. indicus R.K. Saxena & S. Khare 1992, F.
jamtahensis A. Gupta 2002, F. josettae Taug. 1968,
F. masolensis R.K. Saxena & S.K.M. Tripathi 2011,
F. siwalikus R.K. Saxena et al. 1988 and F.
taugourdeaui R K. Saxena & S. Sarkar 1986. All the
species, except F. josettae, have been recorded from
India.

Based upon overall similarity, N.B. Nufiez Otafio
and R K. Saxena are making their detailed study. The
work is in progress and soon the results will be published
(Figure 4, Table 5).

PALAEOENVIRONMENTAL
SIGNIFICANCE

Fungi, being heterotrophic in nature, are found in
close association with specific plants and animals, and
when found in fossil state are indicative of similar kind
of situations during the geological past. Fossil fungi,
therefore, may provide useful information about the
palacoenvironment, past habitats and their hosts. Fossil
spororocarps of microthyriaceous taxa are generally
considered to be reliable palacoenvironmental
indicators. Their occurrences are, generally, correlated
with moist, humid climates and tropical to subtropical
temperatures. Edwards (1922) reported the occurrence
of'this group on conifer needles. Microthyriaceous fungi
grow best in rain forests, rain forest margins and along

creek banks (Ramanujam 1982). Hence their presence
is generally indicative of a wet tropical climate with
heavy precipitation.

The palaeohabitat interpretations based on fossil
epiphyllous microthyriaceous fungiand their germlings
is well established through the studies on their modern
equivalents growing on leaflitter from various Australian
regions. These studies have shown the occurrence of
microthyriaceous germlings in greater number on the
plants growing in moist tropical habitats. Such studies
have great potential in interpreting the palacoclimate
and should be undertaken for other geographical areas.
However, the ecological interpretations based on
epiphyllous fungi should be made with caution because
some of these are reported to occur in wider latitudinal
ranges (Dilcher 1965, Selkirk 1975). It is therefore,
advisable to take into consideration the complete
palynological assemblage for palacoenvironmental
mterpretations. In most of the cases, coordinated studies
on plant megafossils in association with palynological
assemblages may provide more accurate information
about the palaeoenvironmental conditions. Dilcher
(1965) published an account of epiphyllous fungi from
Microthyriales, Erysiphales (now Helotiales) and
Meliolales, thriving on leaves of different plants, from
the middle Eocene of Tennessee, U.S.A. Such studies
bear great potential for determining the regional
palaeoclimate by comparing the fossils with extant taxa
ofknown habitats. Environmental interpretations based
on the presence of Microthyriaceae may, however,
sometimes be hampered due to the incorrect
identification ofthe material. Their presence in dispersed
fossil assemblages should, therefore, be ascertained
before deciphering the past climate. The red alga
Caloglossa leprieurii, generally found on grasses of
brackish water marshes may be confused with
Trichopeltinites due to morphological resemblance.
Similarly, marine green alga Ulvella lens also resembles
the fructifications of Microthyriaceae.

Studies, particularly focusing on host-fungus

relationship, are also of great significance in attempting
the palacoenvironmental interpretations. Chitaley (1978)
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and Chitaley and Yawale (1978) provided valuable
palaecoecological information based on the presence of
fossil fungal spores in petrified plant materials from the
Deccan Intertrappean beds of Central India.

Similar kinds of interpretations were published by
Kar et al. (2003, 2004a, b, 2005, 2006) and Sharma
et al. (2005). These studies emphasize the importance
of some fungal spores in evaluation of
palacoenvironment. Kar et al. (2003) reported a
sporocarp assignable to Polyporaceae
(Basidiomycota) from the Lameta Formation (Late
Cretaceous) exposed in Madhya Pradesh, India. This
fossil, called Lithopolyporales zeerabadensis,
resembles the extant Fomes (Fr.) Fr. 1849 which are
saprobes on dead wood of various trees. Kar et al.
(2004a) described a fossil fungus showing affinity to
Colletotrichum Corda 1831 (Glomerellaceae), from
an Intertrappean bed exposed at Mohgaon-Kalan
Village, Chhindwara District, Madhya Pradesh, India.
The modern species of this genus causes red rot in the
economically important plants. The fossil of this fungus
shows setae on the margins of the acervuli and was
found to be preserved on a leaf cuticle. It was called
Protocolletotrichum deccanense R K. Kar et al. 2004
[as deccanensis] (Kar et al. 2004b). Kar et al. (2004a)
described fossil parasitic fungi and epiphyllous fruiting
bodies from the coprolite of dinosaurs. The coprolite
yielding these fossils was collected from the Lameta
Formation (Maastrichtian) of Central India. Occurrence
of'these fungi indicates that the plant leaves infected by
the recovered fungi were part of dinosaurs’ diet. Kar
et al. (2006) reported two types of fossil Ingoldian
aquatic fungi from the Miocene sediments of Mizoram,
India. The first type, comparable to the extant
Tetrachaetum, is needle-shaped and belongs to the
scolicospores whereas the other type, comparable to
the extant Ceratosporella, possesses globular to
triangular body belongs to staurospores.

On the basis of fossil fungi, Kar and Saxena (1976)
interpreted a warm and humid, tropical climate during
the Palaeocene (Matanomadh Formation) of Kutch,
western India with the support from spores and pollen
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of vascular plants. Ramanujam and Srisailam (1980)
recorded a prevalence of Palaeocirrenalia, the helicoid
spore, in Neogene sediments of Kerala, India and
interpreted brackish to marine conditions by comparing
them to the similar extant dematiaceous hyphomycete,
Cirrenalia, which is commonly found in such an
environment. The presence of other spores in the same
strata, affiliated to Grallomyces, Sporidesmium,
Spegazzinia, Amphisphaerella and Isthmospora, also
supports this interpretation of a tropical climate. This
conclusion was corroborated by pteridophytic spores
and angiospermous pollen from the same strata and a
tropical climate was concluded (Ramanujam & Rao
1978, Ramanujam & Srisailam 1980). A warm and
humid environment has been interpreted by Kalgutkar
and Mclntyre (1991) in the Canadian Arctic due to the
presence of helicosporous fungal types. Studies on
certain fungal assemblages, sporomorphs and
sporocarps, in coordination with micro- and megafossils
of other groups, are used to infer the palaecoenvironment
(Dilcher 1973). Pirozynski (19764, b) and Ramanujam
(1982) stressed the importance of coordinating the study
offossil fungi with their extant counterparts, in order to
realize the full potential of fossil fungal spores as
indicators of ancient environment. Ramanujam (1982)
further urged that only those types, clearly related to
extant taxa of which the environmental requirements
are known, are relevant in such studies. These
assessments are based on the assumption that the
palaeoclimatic sensitivity of fossil taxa was similar to
that of the comparable extant counterparts. In this
regard, special stress was laid to explore the possibility
of relating fossil fungal spores with those of modern
fungi so as to realize their full potential in determining
the ancient environment. However, only those types that
could be related to the extant forms with certainty should
be taken into account for this specific purpose.

CONCLUDING REMARKS

For palaeoclimatic and palaeoecological
interpretations, ‘Uniformitarian Principle’ is applied
which 1s based on the assumption that the same natural
laws and processes that operate in our present-day
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scientific observations have always operated in the
universe in the past and apply everywhere in the universe.
This principle is largely accepted the world over and is
simplified as ‘The Present is the key to the Past’. The
primary prerequisite for applying this principle is to relate
fossils with their extant counterparts. Since habitats,
climate and ecology of present day organisms is known,
it can easily be suggested to be the same for their ancient
fossil relatives. This prompts fossil workers, including
palacomycologists, to trace affinity of fossil taxa to their
present day representatives. Sincere attempts must
therefore be made by expert mycologists to standardize
the morphotaxonomy and character evaluation of fossil
fungal taxa and to trace the link of fossil fungal remains
with modern fungi. This will also help to decipher
evolutionary trends within this group.

Host-pathogen interaction is another aspect, which
does not have basic information in the form of fossil
evidence. The interaction of fungi with higher plants with
reference to the palaeobotanical evidences need to be
documented in appropriate manner by exploring more
fossil fungi along with chemical and geological aspects.
In biostratigraphic and environmental applications, it is
always better to consider and apply data derived from
all kind of microfossils. The inferences derived from
multi-disciplinary cumulative data, i.e. a synergistic
approach, are always more sound and reliable.
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