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ABSTRACT: As a part of ongoing revisionary studies of the Indian Verrucariaceae, the type specimen of Awasthiella indica was

re-examined, which revealed additional characters for the genus. Additionally, 4. amarkantakana is proposed as new to science.
The new species is characterized by continuous to rimose-areolate, pale-grey to brownish-grey thallus, completely immersed

perithecia arising marginally to submarginally, 8-spored asci and simple, hyaline ascospores measuring 20-30 x 7—-12.5 um. The

new taxon is distributed in central and south India.
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INTRODUCTION

The genus Awasthiella (Ascomycota Verrucariaceae)
was established by Kr. P. Singh (1980) to accommodate A.
indica, an unusual crustose pyrenocarpous lichen with

hyaline, simple ascospores and algal cells in the hymenium.

Since its description, the genus has remained monotypic
with limited diagnostic characters. Species referable to
Awasthiella are characterized by saxicolous, crustose,
rimose-areolate thalli, perithecioid ascomata with a distinct
involucrellum, globose or cylindrical chlorococcoid
hymenial algae often arranged in vertical chains, 4-8-
spored, unitunicate, cylindrical to clavate asci, simple,
hyaline ascospores and absence of lichen compounds.

The occurrence of hymenial algae within
Verrucariaceae is not restricted to Awasthiella but also
found in other genera such as Endocarpon Hedw.,
Nesothele Orange, Staurothele Norman, and Willeya
Miill. Arg. Traditionally, verrucarioid lichens with algal
cells in the hymenium were mostly accommodated in two
genera, crustose ones as Staurothele and squamulose ones
as Endocarpon. The multigene phylogenetic analyses at
the family level have demonstrated this traditional
classification does not reflect evolutionary relationships
within Verrucariaceae (Gueidan et al., 2009). The species
assigned to Staurothele were shown to be distributed
among phylogenetically distant lineages including a core
Staurothele clade containing the type species S. clopima
(Wahlenb. ex Ach.) Th. Fr., and a separate lineage allied
to Thelidium A. Massal. comprising taxa such as S.
immersa (A. Massal.) Dalla Torre & Sarnth. and S.
rupifraga (A. Massal.) Arnold, together with some
species of Polyblastia A. Massal. and Thelidium
(Gueidan ef al., 2009). Although the squamulose species
attributed to Endocarpon formed a distinct clade, the
clade also included several crustose species previously
assigned to Verrucaria (Gueidan et al., 2009).
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Subsequent studies have further refined relationships
between Endocarpon and Staurothele. Heidmarsson ef al.
(2017) demonstrated that the squamulose species
Endocarpon pulvinatum Th. Fr., is nested within
Staurothele sensu stricto. The crustose species formerly
placed in Staurothele were shown to constitute a well-
supported lineage sister to Endocarpon, for which the
genus Willeya was reinstated (Gueidan et al., 2014).
Another distinct lineage of taxa with hymenial algae
previously not included in multigene analyses has been
recognized as Nesothele (Orange and Chhetri, 2022). As
a result, crustose species previously treated under
Staurothele sensu lato are now understood to belong to
several phylogenetically and morphologically distinct
clades differing in ascus, ascospore number, ascospore
pigmentation and thallus organization. Nevertheless, the
placement of some species traditionally assigned to
Staurothele remains uncertain, indicating that broader
taxon sampling and integrative studies are needed to
clarify generic boundaries (Gueidan et al., 2009; Gueidan
et al., 2014; Heidmarsson et al., 2017).

In this context, during our ongoing revision of the
Indian Verrucariaceae, the type specimen of Awasthiella
indica was re-examined which revealed several important
characters that are missing in the protologue. Furthermore,
a detailed study of a few specimens housed at LWG as
species of Verrucaria and Staurothele revealed that they
actually belonged to Awasthiella. The study also resulted
in the discovery of an additional species of Awasthiella
which is described here as A. amarkantakana. The
taxonomic significance of these findings is discussed here.

MATERIALS AND METHODS

The specimens examined are housed at LWG and
CAL. Morphological observations were made using
Leica S8APO and Leica EZ4 stereomicroscopes while
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anatomical details were studied using Leica DM500 and
OPTIKA B-510BF compound microscopes. Hand-cut
sections of thalli and ascomata mounted in distilled water,
10 % KOH solution (K), and lactophenol cotton blue
(LPCB) were studied. The amyloid reactions were tested
in Lugol’s iodine solution and with pretreatment with
KOH (KI). All measurements were made on material
mounted in distilled water. The range of ascospore size is
indicated as (minimum-)(X—SD)-X—~(X+SD)(-maximum),
where X is the arithmetic mean and SD the corresponding
standard deviation, followed by the number of
measurements (n). The chemistry was studied by spot
tests and thin-layer chromatography following Orange et
al. (2001).

TAXONOMIC TREATMENT

Awasthiella Kr. P. Singh, Norweg. J. Bot. 27(1): 34 (1980)

Type: Awasthiella indica Kr. P. Singh

Prothallus indistinct. Thallus crustose, usually
superficial, pale grey to dark brown, cracked-areolate to
rarely micro-squamulose, areoles plane to weakly convex,
areole sides sometimes pigmented, vegetative propagules
absent; cortex indistinct; photobiont chlorococcoid, in
short chains or single-celled, cells globose to ellipsoid;
medulla pigmented, paraplectenchymatous, with black
basal layer.

Ascomata perithecioid, completely immersed to
slightly emergent, forming moderate mounds; ostiolar
region often pale or dark pigmented; involucrellum
present or indistinct; hymenial gel I+ red; hamathecium
of periphyses; interascal filaments absent; hymenial algal
cells either globose or cylindrical and often arranged in
vertical chains between the asci, 3-8 pm long, 1-3.5 pm
wide; excipulum with or without dark pigment. Ascus 4—
8-spored, Verrucaria-type, I—, K/I-. Ascospores aseptate,
hyaline, broadly to narrowly ellipsoidal, without a
perispore. Conidiomata unknown.

Chemistry: Thallus K—, C—, KC—, P—. No lichen
compounds in TLC.

Ecology: On rocks, especially siliceous and bauxite
rocks in moist and sun-exposed habitats.

Remarks: The genus contains crustose species having
aseptate ascospores, and photobiont cells in the
hymenium. In appearance and presence of hymenial algae,
Awasthiella is quite similar to Nesothele Orange, and
Staurothele Norman. However, Nesothele differs in
endolithic, cracked-areolate to squamulose thalli,
perithecia either naked or immersed in large thalline
mounds and presence of hyaline, muriform ascospores
(Orange and Chhetri, 2022). Staurothele is distinguished
by muriform ascospores which are usually brown
(Orange et al., 2023). Hymenial algae also occur in the
genera Endocarpon Hedw. and Willeya Miill. Arg., while
a large number of taxa lacking hymenial algae and that
have aseptate ascospores are currently treated under
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Verrucaria (Orange et al., 2023). Species of Willeya and
Endocarpon can be easily separated from Awasthiella by
muriform ascospores (Morse and Ladd, 2019; Orange and
Chhetri, 2022). The algal cells in the thallus of
Awasthiella may differ in shape and colour from those
occurring in the hymenium, however, they belong to the
same taxon. The shape of individual algal cells in the
hymenium appears to be influenced by the stage of cell
division. However, the ranges of shape observed within
each Awasthiella species are constant across examined
specimens. Within Verrucariaceae, algal cell morphology
can be taxonomically informative when evaluated
comparatively and in combination with other anatomical
and reproductive characters. In taxa with hymenial algae,
the consistent shape and arrangement of algal cells in the
hymenium have been used to support species delimitation
and generic concepts (Orange et al., 2023). In this context,
the hymenial algal cells observed in Awasthiella species
provide a useful supporting character for species
delimitation together with thallus anatomy, perithecial
structure and ascospore morphology.

Awasthiella indica Kr. P. Singh, Norweg. J. Bot. 27(1):
34 (1980); Type: India, Manipur, Litan, Mapith Hill range
peak, on rocks, alt. ca. 1350 m, 14 November 1976, K. P.
Singh 54892 (CAL! —holotype). Fig. 1

Description: Prothallus indistinct. Thallus saxicolous,
crustose or rarely micro-squamulose at margins, 225-375
um thick, pale brown to dark brown, cracked-areolate,
areoles 0.3—1 mm wide, plane to slightly convex, with
pigmented sides; epinecral layer absent; upper cortex
poorly defined, outermost cells somewhat elongated with
pale brownish to dark brownish tinge; photobiont
chlorococcoid; algal layer continuous, 35-65 pum high;
algal cells arranged in vertical rows, thin walled, angular,
4-10 x 3-7.5 um; medulla paraplectenchymatous with
black basal layer.

Perithecia immersed to emergent, arising in middle of
areoles, 1-8 perithecia per areole, 0.25—0.4 mm in diam.,
forming low to moderately projecting mounds. Ostiole
inconspicuous or appearing black, sometimes depressed
to slightly convex, 75-100 pm wide. Involucrellum 50—
75 pum thick at exciple sides, dark brown to blackish,
spreading downwards to exciple base and merging with
black basal layer, K—. Centrum 150-275 pm in diameter.
Exciple 20-30 um thick, pale brown towards inner side,
dark brown outside, K—. Hymenial algae globose up to 5
pm in diam., solitary or dividing by transverse septum.
Periphyses 20-32.5 um long with free ends. Asci 8-
spored, clavate, unitunicate, 40-80 x 15-28.5 um.
Ascospores simple, hyaline, ellipsoid, with oil globules
inside, (12.5-)18.5-22.5(-27.5) x (5-)7-8.5(-10) um,
without perispore, average 1/w ratio 2.05-3.66 [n=30; L =
19.5+£2.8; W = 7.6+£0.99]. Conidiomata not seen.

Chemistry: Thallus K-, C—, KC—, P—, UV—-. No
lichen compounds in TLC.
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Fig. 1. Habitat of Awasthiella indica (from holotype). A. Morphology of thallus and perithecia; B. Magnified view of thallus with
perithecia; C. Section through perithecia; D. Magnified view of hymenium showing algal cells; E. Close view of isodiametrical hymenial
algal cells; F-G. Ascospores. (Scale bars: A& B =1 mm; C =100 pm; D =10 pm; E=5 pm; F & G =10 ym).

Ecology and distribution: The species grows on
siliceous rocks in sun-exposed habitats at altitudes
ranging between 1050—-1350 m.

Remarks: The protologue and re-examination of the
type specimen revealed some notable differences. The
protologue describes it as a saxicolous, crustaceous, effuse
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thallus with grey to black, cracked areoles measuring 250—
350 pum thick and a colourless, paraplectenchymatous
upper cortex. In the present study, the thallus appears
crustose to somewhat micro-squamulose at the margins,
slightly thicker (225-375 um), and varies in colour from
pale brown to dark brown with pigmented areole sides and
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an indistinct upper cortex. The perithecia observed in the
present study are slightly larger (0.25-0.4 mm) with the
involucrellum merging with a black basal layer, while in
the protologue the involucrellum was stated to be absent.
Further, the protologue mentioned that the exciple was
black and thick (45-60 um), whereas the present study
revealed the exciple to be thin (20-30 um), pale brown
inside to dark brown towards outside. Furthermore, the
periphyses are longer (20-32.5 pm) than was reported in
the protologue (15-20 pm).

Awasthiella amarkantakana Vish. Kumar, Upreti,
Nayaka & Y.P. Sharma, sp. nov. Fig. 2

Type: India, Madhya Pradesh, Anuppur district,
Amarkantak, Kabir Chabutra, on rock, elev. 615 m, 22
March 2004, D.K. Upreti, S. Nayaka & Satya 04-002386
(LWG, holotype).

MycoBank No.: 862510

Diagnosis: Similar to Awasthiella indica in ascospore
size but differs in radial striations around ostiole,
presence of cylindrical hymenial algae and relatively
thick thallus.

Description: Prothallus indistinct. Thallus crustose to
sub-squamulose, 225-500 pm thick, pale-grey to
brownish-grey, continuous to rimose-areolate, areoles
plane to slightly convex, 0.2—4 mm wide with pigmented
sides; upper surface matt, sub-divided by fine lines;
epinecral layer absent; upper cortex poorly defined, the
outermost layer of elongated cells with light brown
pigment; photobiont chlorococcoid; algal layer
continuous, 50-80 um thick; algal cells angular, arranged
in vertical rows, 5-8 pum in diameter; medulla
subparaplectenchymatous with black basal layer.

Perithecia immersed to slightly emergent, mostly
arising marginally to submarginally, appearing as black
dots, 1-12 per areole, 225-375 pm in diameter. Ostiole
visible as a dark spot, sometimes exposed as a
conspicuous dark ring with radial striations, plane,
sometimes depressed, 60—100 um wide, pale brown to
dark brown, K—. Involucrellum well developed, 60—80
um thick at exciple sides, brown to dark brown, K-,
spreading up to exciple base and merging with black basal
layer. Centrum 165-290 um in diameter. Exciple hyaline
to dark brown, K—, 10-30 pum thick. Hymenial algae
cylindrical, arranged in chains, solitary or sometimes
dividing by transverse septum, 2.5-10 x 1.5-2.5 um.
Periphyses 18-35 um long with free ends. Asci 8-spored,
clavate, unitunicate, 37.5-65 x 12.5-27.5 pum.
Ascospores simple, hyaline, ellipsoid, sometimes with oil
globules, (20-)22.5-27.5(-30) x (7-)8-10(-12.5) pm,
without perispore, average 1/w ratio 2.22-3.75 [n=30; L =
23.68+3.5; W = 9.2+1.9]. Conidiomata not seen.

Chemistry: Thallus K-, C—, KC—, P—, UV-. No
lichen compounds in TLC.

Etymology: The epithet “amarkantakana” refers to
its type locality in the Amarkantak district of Madhya
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Pradesh, India.

Ecology and distribution: The new taxon is known
from Karnataka and Madhya Pradesh, the regions having
unique topography comprising of small hillocks to
moderate mountains up to 1370 m altitude with mostly
dry rocky habitats. The species has been found growing
on bauxite and siliceous rocks along with mosses in both
exposed and shady places.

Remarks: Awasthiella amarkantakana is characterized
by continuous to rimose-areolate, pale-grey to brownish-
grey thallus, perithecia immersed to slightly emergent,
mostly arising marginally or submarginally, a well-
developed and spreading involucrellum and large
ascospores. In ascospore size, the new taxon is close to
Awasthiella indica, however, the later species differs in
having a relatively thin (225-375 pm) and pale brown to
dark brown thallus, perithecia arising in the middle of
areoles and presence of isodiametric hymenial algal cells.
In morphology and presence of simple ascospores, the
new species resembles species of Verrucaria, however,
Verrucaria species lack hymenial algal cells. In general
appearance the new taxon resembles species of Willeya
and Staurothele which can be easily distinguished by the
presence of muriform ascospores.

Additional specimens examined: India, Karnataka,
Chikkamagaluru district, Chikkamagaluru to Kemmangundi, on rocks,
elev. 1400 m, 02 May 1979, D.D. Awasthi, D.K. Upreti & U.C. Misra
79-498 (LWG-LWU); Madhya Pradesh, Hoshangabad district,
Pachmarhi, on way to Pancy Pool, on rock, elev. 1066 m, 23 January
1973, S.R. Singh 73.6 (LWG-LWU).

Key to the genera of Verrucariaceae having hymenial

algae

l1a. Thallus CruStOSE .........ovuitiiiiiiiit it 2
1b. Thallus squamulose, sub-foliose, or rarely sub-fruticose ............ 5
2a. AScoSPOTes SIMPIE ........occvvtiinininiiiiiii e Awasthiella
2b. ASCOSPOres MUITfOIM .. ..uuvuitetiinitiieii e 3
3a. Ascospores dark brown ............cccoeiiiiiiiiiiin.. Staurothele
3b. Ascospores hyaline topale .............cocoeiiiiiiiiiiiiiiiinnin 4

4a. Thallus endolithic to epilithic, rarely with discrete areoles, perithecia
often forming distinct mounds, asci 4-8-spored, ascospores
hyaline ......c.ooiiiiii i Nesothele
4b. Thallus epilithic, cracked, distinctly areolate, perithecia often
immersed in the thallus, or forming moderate projections, asci 2—8-
spored, ascospores hyaline topale ..................coeeeinint. Willeya
Sa. Squamules appressed to ascending, or sub-foliose or rarely sub-
fruticose, perithecia immersed in the thallus, slightly projecting
ostiole, asci (1-)2—4(-8)-spored, ascospores hyaline to pale or pale

BIOWI .ottt Endocarpon
Sb. Squamules tightly adnate, perithecia naked or immersed in large

thalline mounds, asci 4-8-spored, ascospores hyaline ...... Nesothele
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Fig. 2. Habitat of Awasthiella amarkantakana (from holotype). A. Morphology of thallus and perithecia; B. Close view of perithecia
with radial striations; C. Section through perithecium; D. Magnified view of hymenium showing algal cells arranged in vertical chains.
E. Close view of cylindrical hymenial algal cells; F. Ascus. G-l. Ascospores. (Scale bars: A& B =2 mm; C = 100 ym; D =5 um; E-l =
10 pm).
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