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EDITORIAL

XIV Symposium of Baltic Mycologists and Lichenologists,
September 3-8, 1999 in Jirvselja, Estonia

This time more than 40 persons from six coun-
tries — Estonia, Latvia, Lithuania, Poland, Fin-
land and Sweden - came to Jarvselja, Tartumaa
County (Fig. 1). Young students as well as pro-
fessor emeritus, and all the intermediate gen-
erations were involved (Fig. 2). The short six
days spent in a beautiful wooded locality of
southeastern Estonia were flavoured with a
tinge of the first meeting 40 years ago. We were
lucky to have five persons with us who partici-
pated in 1959 and were still active in the XIV
symposium - Leili Jarva, Kuulo Kalamees,
Erast Parmasto, Ain Raitviir and Anne-Liis
Sémermaa. In both meetings - in 1959 and
1999 - an excursion was organized to
Taevaskoja, Pdlvamaa County to visit the land-
scape reserve of the valley of Ahja River with
wide pine forests and high cliffs of red devon
sandstone. A photograph has been taken of
participants during both meetings almost in the
same place in Taevaskoja - in front of pictur-
esque high sandstone cliffs called ‘taevaskoda’
(‘heaven’s hall’ in direct translation). We man-
aged to identify nearly all participants in 1959

(Fig. 3); on the photo from 1999 (Fig. 4) Kuulo
Kalamees - standing - represents the elder gen-
eration while all the younger participants sit,
squat or lie. Hopefully this does not symbolize
the quality of scientific contributions.

The history of symposia of Baltic mycologists
and lichenologists is long and variegated.

The first symposium of this kind took place
in Tartu in 1959. The following meetings have
been organized rather regularly in every sec-
ond-third-fourth year: The role of these meet-
ings has remained the same during last 40
years — to offer possibilities for the local my-
cologists and lichenologists from the three Bal-
tic countries to meet each other and present
the results of their latest research, and also to
conclude the contacts with colleagues from
other regions. While during the Soviet period
our symposia were visited by mycologists-
lichenologists from as far as the Caucasian re-
publics and Russian Far East, then now we
are glad to receive guests from other countries
around the Baltic sea.
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Fig. 1. Location of Jarvselja, the site of the XIV Symposium of Baltic Mycologists and

Lichenologists.
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Fig. 2. Participants of the XIV Symposium of Baltic Mycologists and Lichenologists in Jarvselja,

September 1999 (photo by Helle Jarv).

Sitting (from left): Ain Raitviir, Magda Ké&ljalg, Piret Lohmus, Mall Vaasma, Tiina Randlane,
Ernestas Kutorga, Martin Kukwa, Kaimo Kelder, Bellis Kullman.

Standing (from left): Maria Lawrynowicz, Leho Tedersoo, Urmas Kdljalg, Pekka Halonen, Arne
Thell, Inga Jiriado, Irja Saar, Kadri Leenurm, Maarja Opik, Ténu Ploompuu, Olga Treikale,
Mara Kilevica, Lauri Saag, Uve Ramst, Kuulo Kalamees, Andres Saag, Leili Jarva, Marina Temina,
Inguna Krastina, Anne-Liis SGmermaa, llze Irbe, Ligita Liepina, Lelde Galovecka, Ljudmilla Mar-
tin, Juri Martin, Eva Nilson, Nomeda Juceviciene, Jurga Motiejunaite, Grazina Adamonyte.

Some nice traditions have survived since
1959 - to interchange the presentation of re-
ports and lectures with field works, and to pub-
lish the materials introduced during the sym-
posium in a separate volume. Still, nothing re-
mains quite the same, and this time we gave
up the publication of abstracts before the meet-
ing and decided to present contributions in
their full length afterwards. The organizing com-
mittee also decided not to continue with the
formal surveys concerning the latest develop-
ments in mycology or lichenology in the three

Baltic countries but preferred to support the
lectures and posters on most variable specific
subjects — from the molecular studies of fungi
to the possibilities of using these organisms for
dying wool. As a result, in the present volume
of FCE you can find 11 contributions that were
introduced on the latest symposium either
orally or in the form of posters. One paper in-
dicates that lichenologists had spent their time
extremely usefully — eagerly hunting for rare
and interesting taxa during the field trips and
excursions.



THE LIST OF BALTIC SYMPOSIA OF MY-
COLOGISTS AND LICHENOLOGISTS

| — 26-29 Sept. 1959, Tartu, Estonia.
Proceedings: Papers on myco- and lichen
flora of the Baltic region (in Russian, summa-
ries in English or German). Scripta Bot. 2. In-
stitute of Zoology and Botany, Academy of Sci-
ences of Estonian SSR, Tartu, 1962. 278 pp.

Il - 11-14 Sept. 1961, Vilnius, Lithuania.
Proceedings: Proceedings of the second sym-
posium. On the investigations of the myco-lichen
flore of the Baltic Republics (in Russian, sum-
maries in Lithuanian and English or German).
The Academy of Sciences of the Lithuanian
SSR, Botanical Institute, Vilnius,1963.155 pp.

Il - 26-28 July 1963, Riga, Latvia.

Proceedings: Proceedings of the Third Sym-
posium of the Investigations of the Baltic Repub-
lics Myco-Lichen Flora (in Russian, summaries
in Latvian and English or German). P. Stuchka
Latvian State University, Scientific works 74.
Botany 2. Riga, 1966.155 pp.

IV - 7-12 Sept. 1965, Tartu, Estonia.

Proceedings: Problems of studies on fungi
and lichens (in Russian, summary in English
or German). Academy of Sciences of Estonian
SSR, Tartu, 1965. 217 pp.

Fig. 3. Participants of the | Symposium of Baltic Mycologists and Lichenologists in Taevaskoja,

P6lvamaa County, 1959.

Sitting (from left): Urve Haug, Hans-Voldemar Trass, Viino Lasting, Silvi Parn (Eilart), Ulle Magi
(Kukk), Maria Aksel, Visolde Puusepp. Standing (from left): Tonis Leisner, Kuulo Kalamees, Malvina
Kasha, Alfons Piterans, Vija Medne (Lazdinja), Elena Florovskaja, Erast Parmasto, Nina Golubkova,
Leili Jarva, Anne-Liis SOmermaa, Aire Meokas, Ain Raitviir, Ksenja Rassadina, llga Vimba, Edgars
Vimba, Margarita Bondartseva, ?, ?, Antanas Minkevicius, Jonas Mazelaitis, ?.
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Fig. 4. Participants of the excursion to Taevaskoja, P6lvamaa County, 1999 (from left): Olga
Treikale, llze Irbe, Lelde Galovecka, Arne Thell, Jurga Motiejunaite, Laila Sica, Grazina Adamonyte,
Andres Saag, Inguna Krastina, Kuulo Kalamees (standing), Ligita Liepina, Lauri Saag, Tiina
Randlane, Nomeda Juceviciene, Ernestas Kutorga, Pekka Halonen, Martin Kukwa (photo by
Piret L6hmus).

V - 5-9 Sept. 1968, Vilnius, Lithuania.
Proceedings: Proceedings of the V sympo-
sium on the investigations of the myco-lichen
flora of the Baltic Republics (in Russian, sum-
maries in English or German). Academy of Sci-
ences, Lithuanian SSR, Vilnius, 1968. 209 pp.

VI - 7-11 Sept. 1971, Riga, Latvia.

Proceedings: Materials of the VI symposium
of the Baltic Republics on mycology and
lichenology, 1-3 (in Russian, summaries in Eng-
lish or German). P. Stuchka Latvian State Uni-
versity, Riga, 1971-1973. 1 - 250 pp., 2 - 227
pp., 3 - 66 pp.

VIl — 9-13 Sept. 1974, Lahemaa National Park,
Estonia.

Proceedings: Advances in mycology and
lichenology in Soviet Pribaltics (in Russian, sum-
maries in English or German). Academy of Sci-
ences of the Estonian SSR, Institute of Zoology
and Botany, Tartu, 1974. 230 pp.

VIl - 21-23 Sept. 1977, Vilnius and Palanga,
Lithuania.

Ecological specialities of lown plants of So-
viet Baltic region (in Russian, summaries in
English or German). Academy of Sciences of
Lithuanian SSR, Institute of Botany, Vilnius,
1977. 286 pp.



IX —17-19 Nov. 1982, Minsk, Byelorussia.
Proceedings: Ecology and biology of lower

plants (in Russian). Academy of Sciences of the

Byelorussian SSR, 1982. 271 pp.

X - 16-18 Sept. 1985, Madona, Latvia.
Proceedings: Fungi and lichens in the eco-
system I, Il (in Russian, summaries in English
or German). P. Stuchka Latvian State Univer-
sity, Riga, 1985. 1 - 117 pp., 2 - 133 pp.

Xl - 23-26 May 1988, Kaariku, Estonia.

Proceedings: 11 symposium of the mycolo-
gists and lichenologists of the Baltic Republics
and Byelorussia (in Russian, summaries in
English). Abstracts. Academy of Sciences of the
Estonian SSR. Institute of Zoology and Botany,
Tartu State University Chair of Botany and
Ecology, Tallinn, 1988. 185 pp.

X1l — 27 Sept.— 02 Oct. 1993, Vilnius, Lithua-
nia.

Proceedings: Fungi and lichens in the Baltic
Region. 12 International Conference Abstracts.
Institute of Botany, Vilnius University, Vilnius,
1993. 151 pp.

X1l - 24-28 Sept. 1996, Kemeri, Latvia.

Proceedings: Fungi and lichens in the Baltic
Region. 13 International Conference Abstracts.
University of Latvia, Latvian Museum of Natu-
ral History, Institute of Biology, Latvian Acad-
emy of Sciences, Riga, 1996. 84 pp.

XIV — 3-8 Sept. 1999, Jéarvselja, Estonia.
Proceedings: Folia Cryptog. Estonica 36,
2000. 112 pp.

XV - 2002, to be held in Lithuania.

Tiina Randlane, Andres Saag & Ain Raitviir
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New Data on Estonian Myxomycete Biota

Grazina Adamonyte
Institute of Botany, 49 Zaliuju ezeru, LT-2021, Vilnius, Lithuania. E-mail: grazina@ktl.mii.lt

Abstract: 34 species of myxomycetes were recorded in four localities in the south-eastern Estonia on 47 September,
1999. 12 of them are new for the country: Areyodes incarnata, Arcyria affinis, A. stipata, A. ferruginea, Clastoderma debaryanum,
Cribraria rufa, Fuligo leviderma, Hemitrichia serpula, Metatrichia floriformis, Oligonema flavidum, Stemonitis smithii, and Tubifera casparyi.
Each record is supplied with a brief information on the locality and substratum.

Kokkuvéte: G. Adamonyte. Limakute uusi leide Eestis.

4-7. septembril 1999. a. koguti Kagu-Eestis neljas erinevas leiukohas 34 liiki limaseeni. 12 liiki neist olid esmasleiud Eestis,
need olid: Arcyodes incarnata, Arcyria affinis, A. stipata, A. ferruginea, Clastoderma debaryanum, Cribraria rufa, Fuligo leviderma,
Hemitrichia serpula, Metatrichia floriformis, Oligonema flavidum, Stemonitis smithii ja Tubifera casparyi. Nimestikus on iga liigi juures

antud tema kasvukoht ja substraat.

INTRODUCTION

Myxomycetes, an important component of for-
est ecosystems, are being investigated for more
than 200 years. During that time approximately
1000 their species have been described world-
wide (Neubert, Nowotny, Baumann, 1995), the
distribution of many of them being still unclear.
So far, 89 species of myxomycetes have been
reported from the territory of Estonia (Jarva &
Parmasto, 1980; Jarva et al., 1998). During the
14th Symposium of Baltic mycologists and
lichenologists on 4-7 September, 1999, myxo-
mycete material was collected in mixed forests
of the south-eastern part of Estonia. In this
paper myxomycete species new for the country
as well as new localities for the species reported
earlier from Estonia are presented.

INVESTIGATED SITES

J - Tartumaa County, Jarvselja Virgin Forest
Nature Reserve and adjacent squares
(58°16'N, 27°19’E), old forests mainly of
spruce, lime and black alder; material col-
lected on 4th of September.

R — Tartumaa County, Jarvselja towards Rokka
(58°13'N, 27°17'E), forests of Oxalis-
Myrtillus and Vaccinium uliginosum types;
material collected on 5th of September.

T - Pdlvamaa County, Taevaskoja Landscape
Reserve (58°07’N, 27°03’E), mixed forests
of spruce and pine; material collected on
6th of September.

E - Tartumaa County, Emajde Suursoo Reserve,
the Lake Leegu towards Apnasaar mineral
bog island (58°22'-58°21'N, 27°16'-
27°17'E), old mixed forests of Oxalis,
Myrtillus and Oxalis-Myrtillus types; mate-
rial collected on 7th of September.

LIST OF SPECIES

All the specimens were collected in the field by
the author and other participants of the Sym-
posium; moist chamber technique was not
employed. The nomenclature follows B. Ing
(1999). Myxomycete species reported for the
first time in Estonia are marked with an aster-
isk (*). The voucher specimens are deposited
in the Herbarium of the Institute of Botany
(BILAS), Vilnius, Lithuania.

*ARCYODES INCARNATA (Alb. & Schwein.) O. F. Cook
— E: on an aspen log.

*ARrcYRIA AFFINIS Rostaf. — J: on a deciduous deco-
rticated log and on a deciduous log together
with Trichia decipiens; E: on a log together
with Trichia persimilis.

A. ciNerea (Bull.) Pers. — J: on bark of a living
deciduous tree; R: on plant debris.

A. DENUDATA (L.) Wettst. — J: on deciduous logs;
R: on a log; E (abundant): on pine, alder,
aspen logs.

*A. FERRUGINEA Saut. — E: on a decorticated pine
log.
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A. oBVELATA (Oeder) Onsberg — E: on an oak log.

*A. sTIPATA (Schwein.) Lister — E: on side surface
of an alder log.

CeraTiomyxa FruTicuLosa (F. Muell.) T. Macbr. —
J: on a deciduous log.

*CLASTODERMA DEBARYANUM A. Blytt — T: on a deco-
rticated pine log.

CRIBRARIA ARGILLACEA (Pers.) Pers. — J: on a well-
rotted moss-covered log.

C. persoonn Nann.-Bremek. — J: on a decorti-
cated spruce log and on a well-rotted co-
niferous log; R: on side surface of a decor-
ticated aspen log and on top of a stump.

C. purrUREA Schrad. — J: on side surface of a
decorticated spruce log.

*C. ruFa (Roth) Rostaf. — J: on a rotted conifer-
ous log.

ENnTERIDIUM LYcopeERDON (Bull.) M. L. Farr — T: on
a coniferous log and on a burned log in a
bonfire place.

*FuLico LEviIDERMA Neubert, Nowotny et Baumann
— E: on a birch stump.

HEMITRICHIA cLAVATA (Pers.) Rostaf. — J: on a moss-
covered deciduous log together with
Hemitrichia serpula.

*H. serpuLA (Scop.) Rostaf. — J: on a moss-cov-
ered deciduous log together with
Hemitrichia clavata.

LvcocAaLA TERRESTRE Fr. — J (abundant): on logs;
E (abundant): on oak and unidentified de-
ciduous logs.

*METATRICHIA FLORIFORMIS (Schwein.) Nann.-
Bremek. — J: on a birch log together with
Trichia varia; R: on a rotted aspen log and
on a moss-covered aspen log together with
Trichia varia.

*OLIGoNEMA FLAVIDUM (Peck) Peck — E: on a deco-
rticated rotted log.

PERICHAENA coRTICALIS (Batsch) Rostaf. — E: on
bark of an aspen log.

PHYysARUM LEucoPHAEUM Fr. — J: on litter; R: on
litter; E: on top of a birch stump.

P. nuTans Pers. — J: on a lower side of a decorti-
cated spruce log.

SteEmoniTis AXIFERA (Bull.) T. Macbr. — E: on bark
of birch logs.

S. Fusca Roth — R: on decorticated deciduous
logs; E: on a decorticated pine log.

*S. smitHn T. Macbr. — R: on a moss-covered
log; E: on an upper side of a decorticated
pine log and on an alder log.

STEMONITOPSIS HYPEROPTA (Meyl.) Nann.-Bremek.
— E: on a decorticated rotted birch log.

S. TvrHINA (F. H. Wigg.) Nann.-Bremek. — J: on a
rotted coniferous log; E: on the inner side
of peeling bark of a birch log and on an oak
log;

TricHIA DECIPIENS (Pers.) T. Macbr. — J: on a de-
ciduous log together with Arcyria affinis and
on a fruit-body of Fomes fomentarius on a
spruce log; E: on deciduous and conifer-
ous logs.

T. FavoGINEA (Batsch) Pers. — J: on logs; R: on a
well-rotted moss-covered log.

T. rersimiLis P. Karst. — J: on a side of a decorti-
cated spruce log; R: on a log; E: on a log
together with Arcyria affinis.

T. varia (Pers.) Pers. — J: on a lime log, on a
birch log together with Metatrichia
floriformis; R: on an aspen log and on a
moss-covered aspen log together with
Metatrichia floriformis.

*TuBlFERA caspPARYI (Rostaf.) T. Macbr. — J: on a
well-rotted decorticated coniferous log.

T. FERRUGINOSA (Batsch.) J. F. Gmel. - J: on a
well-rotted birch log; T: on a well-rotted
coniferous log; E: on a log.

Thus, in total 34 species of myxomycetes were
recorded in the Tartumaa and Pdlvamaa Coun-
ties on 4-7 September, 1999. Among them 12
species are reported here as new to Estonia.
Because of dry and hot vegetation season, col-
lections were not abundant. The richest sam-
pling sites were the Jarvselja Virgin Forest Na-
ture Reserve with neighbouring forest squares,
and forests of Emajde Suursoo Reserve, both
ecotopes rather humid and rich in fallen wood.
Thus, microclimatic conditions, despite a pro-
longed drought of 1999, remained sufficiently
favourable there for myxomycete sporulation.
The largest part of the collection made
lignicolous species, collected from coarse wood
debris of various degree of decay. The substra-
tum of this type is able to retain comparatively
much water, thus favouring the development
of plasmodia (Lado, 1993). The majority of col-
lected myxomycete species are common cos-
mopolitans. Along with them, some species,
such as Arcyodes incarnata, Arcyria stipata,
Oligonema flavidum, Tubifera casparyi, which
are considered to be not very common in Eu-



rope (Ing, 1999; Nannenga-Bremekamp, 1991),
were collected. The present records contribute
to the myxomycete species diversity in Estonia
and to the general distribution patterns of the
species.
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Lichens of the ‘Cisy w Czarnem’ reserve
(Western Pomerania, N Poland) with emphasis
on old growth forest species

Wieslaw Faltynowicz!' & Martin Kukwa?
"Department of Plant Systematic and Phytosociology, Institute of Botany, University of Wroclaw, 9 Maxa Bora, PL-50-
204 Wroclaw, Poland
“Department of Plant Ecology and Nature Protection, University of Gdansk, 9 Al Legionéw, PL-80-441 Gdansk,
Poland. E-mail: dokmak@univ.gda.pl

Abstract: The nature reserve ‘Cisy w Czarnem’ is situated ca 5 km E of Czarne on Western Pomerania (North Poland).
The reserve was created to protect the population of Taxus baccata. Of the 59 lichen species found in the reserve, few are
rare or very rare in northern Poland, e.g. Arthonia vinosa, Bacidia arnoldiana and Iobaria pulmonaria. 21 lichen species are
included in the red list for Poland and eight species found in the reserve are considered to be ‘old growth forest species’.
The state of these taxa is discussed in relation to the conditions in the reserve.

Kokkuvote: W. Faltynowicz ja M. Kukwa. ‘Cisy w Czarnem’ kaitseala (Ldine-Pomeraania, PShja-Poola)

samblikud.

Poola péhjaosas asuv ‘Cisy w Czarnem’ kaitseala on rajatud jugapuu (Taxus baccata) populatsiooni siilitamiseks. Kaitsealalt
on leitud 59 samblikuliiki, neist méned haruldased, niiteks Arthonia vinosa, Bacidia arnoldiana ja Lobaria pulmonaria. 21 liiki on
kantud Poola punasesse raamatusse ja Uheksat liiki v6ib pidada ‘vanade metsade liikideks’. Artiklis vaadeldakse
viimatinimetatud taksonite staatust seoses selle kaitseala tingimustega.

INTRODUCTION

The nature reserve ‘Cisy w Czarnem’ is situ-
ated ca 5 km E of Czarne in the Pomorskie dis-
trict of Western Pomerania (North Poland,
ATPOL grid square Bc-50) (Fig. 1). It covers an
area of 25.20 ha. The reserve was formerly al-
der bog forest Ribo nigri-Alnetum, only a small
part of which remains. Taxus baccata L. was
planted in the nineteenth century. These trees
are now ca 120 years old with a few young and
seedling trees present, growing mostly in
acidophilous beech forest. Within the reserve
there are also hornbeam-alder and birch-alder
forests, and a very small area of pine-spruce
forest (Faltynowicz & Markowski, 1997).

The present survey was undertaken to enu-
merate lichens found in the reserve and to lo-
cate ‘old growth forest species’ within the re-
serve. Some taxa (ca 20), mostly common in
the country, were earlier reported in a general
work about the nature reserves in the Slupsk
district (lzydorek, 1996).

METHODS

The investigations were carried out between
1997-1998. Lichens were collected from all
types of habitats. Easily identified species were
noted in the field. Lichens were identified us-
ing keys: Nowak and Tobolewski (1975), Purvis
et al. (1992) and Tgnsberg (1992). Specimens
are kept in the Herbarium of the University of
Gdansk (UGDA-L). Lichen substances were
identified by TLC in solvent C (methods after
White & James, 1985). The nomenclature
mostly follows Faltynowicz (1993) and for nam-
ing of some taxa also Tgnsberg (1992). Abbre-
viations of authors’ names follow Kirk and
Ansell (1992).

RESULTS

Up to now 59 lichen species were found in the
reserve. All taxa reported by lzydorek (1996)
were refound except Leproloma membranaceum
(Dicks.) Vain. In our opinion this species has
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Fig. 1. Location of ‘Cisy w Czarnem’ in north-
ern Poland.

been incorrectly reported. Probably it was mis-
taken for Lepraria lobificans, which occurs at
present in the reserve. 13 taxa are totally pro-
tected by law (Faltynowicz, 1998) (marked with
P in the list of species). Several species are in-
cluded in the red list of lichens of Poland
(Cieslinski et al., 1992), among them 8 taxa
are considered endangered (marked with E in
the list), and 13 - vulnerable (marked with V in
the list).

LIST OF SPECIES

E - endangered species (according to Cieslinski
et al., 1992);

P — protected species (according to Faltynowicz,
1998);

V - vulnerable species (according to Cieslinski
et al., 1992).

ARTHONIA VINOSA Leight. — on bark of Quercus sp.;

Bacipia ARNOLDIANA Kérb. — on bark of Taxus
baccata;

B. cLoBuLosa (Florke) Hafellner & V. Wirth [syn.
Catillaria globulosa (Florke) Th. Fr.] — on
bark of Quercus sp.;

CaLicium AbpsPERsUM Pers. — (E), on bark of
Quercus sp.;

CHAENOTHECA BRACHYPODA (Ach.) Tibell — (E), on
bark of old Fagus sylvatica;

C. cHrRysocePHALA (Ach.) Th. Fr. — on bark of Alnus
glutinosa,;

C. FERRUGINEA (Turner & Borrer) Mig. — on bark
of Alnus glutinosa and Pinus sylvestris;

C. FUrRrFURACEA (L.) Tibell - (V), on bark of Fagus
sylvatica in lower part of trunk;

C. TricHIALIS (Ach.) Th. Fr. - (V), on bark of Alnus
glutinosa;

CHRYSOTHRIX CANDELARIS (L.) J. R. Laundon - (E),
on bark of Alnus glutinosa, Fagus sylvatica
and Quercus sp.;

CLapoNIA cHLOROPHAEA (Florke ex Sommerf.)
Spreng. — on soil, wood and on the base of
trunks;

C. coniocraea (Florke) Spreng. — on the base of
trunks;

C. picitaTAa (L.) Hoffm. — on wood and on the
base of trunks;

C. rimBRrRIATA (L.) Fr. — on wood;

C. cLauca Florke — on wood and on the base of
trunks;

C. ocHRocHLORA Florke — on bark of Alnus
glutinosa;

EverniA PrRuNasTRI (L.) Ach. - (P, V), on bark of
Fagus sylvatica;

GRraAPHIS scrIPTA (L.) Ach. — (V), on bark of Sorbus
aucuparia;

HypocenomycE scaLAris (Ach.) M. Choisy — on bark
of Alnus glutinosa and Pinus sylvestris;
Hypocymnia pHYsoDEs (L.) Nyl. — on bark of Alnus
glutinosa, Fagus sylvatica, Quercus sp.,

Picea abies and Pinus sylvestris;

H. TuBuLosA (Schaer.) Hav. — (P), on bark of Fagus
sylvatica and Padus avium;

ImsHauclA aLEURITES (Ach.) S. L. F. Meyer — (P),
on bark of Pinus sylvestris;

LECANORA ARGENTATA (Ach.) Malme - on bark of
Fagus sylvatica;

L. conizaeoipes Nyl. ex Cromb. — on wood, bark
of Frangula alnus and Pinus sylvestris;

L. expaLLEns Ach. — on bark of Fagus sylvatica
and Taxus baccata;

L. cLaBrATA (Ach.) Malme - on bark of Sorbus
aucuparia;

LEPrRARIA INCANA (L.) Ach. — on bark of Fagus
sylvatica;

L. roBiricans Nyl. — on bark of Taxus baccata
and Fagus sylvatica;



LerroLomA vouauxil (Hue) J. R. Laundon - on bark
of Taxus baccata;

LoBARIA PULMONARIA (L.) Hoffm. — (E, P), on bark
of Fagus sylvatica;

MELANELIA FuLiGINosA (Fr. ex Duby) Essl. (c. ap.)
- (P), on bark of Fagus sylvatica, Sorbus
aucuparia and Quercus sp.;

Micarea pENIGRATA (Fr.) Hedl. — on hard wood;

M. prasiNa Fr. — on wood and bark of Alnus
glutinosa;

MycoBLAsTUS FucaTus (Stirt.) Zahlbr. — on bark of
Sorbus aucuparia;

OcCHROLECHIA ANDROGYNA (Hoffm.) Arnold - (V), on
bark of Fagus sylvatica;

OPEGRAPHA NIVEOATRA (Borrer) J. R. Laundon - (V),
on bark of Fagus sylvatica;

O. rRurescens Pers. - (V), on bark of Fagus
sylvatica;

O. varia Pers. — (V), on bark of Fagus sylvatica;

PArRMELIA saxaTiLis (L.) Ach. - (P), on bark of
Corylus avellana;

P. suLcata Taylor — on bark of Alnus glutinosa,
Fagus sylvatica and Quercus sp.;

ParMELIOPSIS AMBIGUA (Wulfen) Nyl. — (P), on bark
of Pinus sylvestris;

PELTIGERA PRAETEXTATA (Florke ex Sommerf.) Zopf
- (E, P), at bases of many trunks of Fagus
sylvatica and decaying logs;

PerTUsARIA ALBESCENS (Huds.) Choisy & Werner -

on bark of Fagus sylvatica;

. AMARA (Ach.) Nyl. — on bark of Alnus glutinosa,

Fagus sylvatica and Quercus sp.;

P. coccopes (Ach.) Nyl. var. coccodes — on bark
of Fagus sylvatica and Quercus sp.;

P. FLavipa (DC.) J. R. Laundon - (V), on bark of
Fagus sylvatica;

P. HemispHAERICA (Fl6rke) Erichsen - (V), on bark
of Fagus sylvatica;

P. pErTUSA (Weigel) Tuck. — (V), on bark of Fagus
sylvatica;

PHLYcTIs ARGENA (Spreng.) Flot. — on bark of Alnus
glutinosa and Fagus sylvatica;

PLATIsMATIA GLAUCA (L.) W. Culb. & C. Culb. - (P,
V), on bark of Alnus glutinosa, and Fagus
sylvatica and Quercus sp.;

PyrenuLa NiTiDA (Weigel) Ach. — (E), on bark of
Fagus sylvatica;

PSEUDEVERNIA FURFURACEA (L.) Zopf — (P), on bark
of Quercus sp.;

RAMALINA FARINACEA (L.) Ach. - (P, V), on bark of
Padus avium;

T
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RoraLosPorA VIRIDIS (T@nsberg) Tgnsberg — on
bark of Sorbus aucuparia;

ScoLiciosPorUM cHLOROcoccuM (Graeve ex Stenh.)
Vezda - on wood,;

TRAPELIOPSIS FLEXUOSA (Fr.) Coppins & P. James —
on wood;

T. gRaNuLOsA (Hoffm.) Lumbsch - on wood;

UsNEA FILIPENDULA Stirt. — (E, P), on bark of
Quercus sp.;

U. suBFLORIDANA Stirt. — (E, P), on bark of Quercus

sp.

DISCUSSION

From 59 lichen species reported from the re-
serve, 21 taxa are included in the red list of
Poland. Many of them are still common or quite
common in northern Poland (e.g. Platismatia
glauca), but some of them are rather rare, e.g.
Lobaria pulmonaria, Pertusaria hemisphaerica.

Lobaria pulmonaria is the most interesting
lichen species. It is becoming rare in northern
Poland and is now on the endangered list. It is
known from ca 40 localities but many of these
are old records (Tobolewski & Kupczyk, 1976;
Faltynowicz, 1992). The species prefers old
growth deciduous forest. In the reserve the
population was observed to consist of several
mature thalli growing on trunks of old Fagus
sylvatica in beech forest with many young thalli
on the same trees. Young thalli are rarely found
in Central Europe. Associated species included
Pertusaria spp., Opegrapha spp., Pyrenula
nitida and others.

Bacidia arnoldiana is a very rare lichen spe-
cies in northern Poland, known in Western
Pomerania from one locality only (Faltynowicz,
1992). The species is more common in north-
eastern Poland (e.g. Cieslinski & Tobolewski,
1988, 1989), where there are better preserved
deciduous forests (e.g. Bialowieza Primeval For-
est). The species might be more common, but
overlooked. In the reserve it was found on the
trunk of an old Taxus baccata tree in beech
forest. Lepraria lobificans was the only associ-
ated lichen taxon.

Chaenotheca brachypoda is another rare
species in northern Poland, which is known
from 9 localities only (Tobolewski & Kupczyk
1974; Faltynowicz, 1992, 1994; Cieslinski &
Zielinska 1994). In the reserve it has been found
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on lignum of old dead Fagus sylvatica. Other
rare species include Arthonia vinosa, Calicium
adspersum, Pertusaria flavida, P. hemi-
sphaerica, Usnea filipendula and U. sub-
floridana.

Four lichen taxa, Lepraria lobificans,
Leproloma vouauxii, Ropalospora viridis and
Mycoblastus fucatus have been recently re-
ported as new to Poland (Alstrup & Olech, 1990;
Sliwa, 1996; Faltynowicz, 1997). Although there
are at present few localities for these species in
the country, they, especially Lepraria lobificans,
are probably common.

Eight of the species found in the reserve are
called ‘primeval forest relicts’ (Cieslinski et al.,
1996), ‘old forest indicator species’ (Rose, 1976,
1992) or ‘indicators of the ecological continu-
ity’ of a forest complex (Arup, 1997) (Table 1).
In the reserve these species grow in completely
anthropogenic habitats. The whole area of this
stand has been covered in the past by black
alder peat bog forest phytocoenosis Ribo nigri-
Alnetum. This community is mostly replaced by
acidophilous beech forest and others
(Faltynowicz & Markowski, 1997). In this situ-
ation ‘old growth forest’ taxa can not be named
relicts, in our opinion, but rather the indica-
tors of continuity of forest conditions.

Table 1. Old growth forest species according
to: 1 — Cieslinski et al. (1996), 2 — Rose (1976,
1992) and 3 - Arup (1997)

Lichen species Acc. to

Arthonia vinosa
Bacidia arnoldiana
Chaenotheca brachypoda
C. trichialis
Chrysothrix candelaris
Lecanora glabrata
Lobaria pulmonaria
Pyrenula nitida

— Q=N = = N
(O8]

,2,3
3

b}

Species regarded as ‘old growth forest lichens’
may vary in adjacent countries or districts. This
is, due to a range of ecological and biogeo-
graphic circumstances. Up to now there is no
list of the ‘old growth forest lichens’ for all parts
of Poland or neighbouring countries. Further
studies on these lichens are needed.
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Abstract: In total 43 lichen (including some threatened species) and lichenicolous fungus species, which have been regarded
as rare in Estonia or were not previously known from the country, are reported. 17 taxa are recorded as new to Estonia. The
lichen species Absconditella lignicola, Japewia subanrifera, Porpidia soredigodes, Scoliciosporum pruinosum, Steinia geophana and Verrucaria
praetermissa are new to Estonia, and Peltigera didactyla var. extennata represents a new variety to the country. The lichenicolous
tungus species Chpeococcum hypocenomycis, Corticifraga fuckelii, Hobsonia christianseniz, Lichenoconium lecanorae, Phaeopyxis punctum,
Refractobilum peltigerae, Sphaerellothecinm propinguellum, Syzygospora physciacearum, Tremella hypogymniae and T. ramalinae are new to
Estonia.

Kokkuvdte: P. Halonen, M. Kukwa, ]. Motiejunaite, P. L6hmus & L. Martin. Samblike ja lihhenikoolsete
seente leidudest XIV Balti Miikoloogide ja Lihhenoloogide Simpoosiumil Jarvseljal, Eestis.

XIV Balti Mitkoloogide ja Lihhenoloogide Siimpoosiumi ajal leiti Kagu-Eestist 43 Eestis haruldast v6i varem markamata
samblikku (s. h. m&ned ohustatud) ja lihhenikoolset seeneliiki. 17 liiki ja liigisisest taksonit on Eestile uued. Nendeks on
samblikuliigid Absconditella lignicola, Japewia subaurifera, Porpidia soredizodes, Scoliciospornm pruinosum, Steinia geophana, Verrucaria
praetermissajauue varieteedina Peltigera didactylavax. extennata ning lihhenikoolsed seeneliigid Chpeococcum hypocenomyeis, Corticifraga
Sfuckelii, Hobsonia christiansenti, Lichenoconinm lecanorae, Phaeopyxis punctum, Refractobilum peltigerae, Sphaerellothecinm propinguellum,

Syzygospora physciacearum, Tremella hypogymmniae ja T. ramalinae.

INTRODUCTION

The study of the Estonian lichens has a long
tradition (e.g., Bruttan, 1870; Mereschkowski,
1909, 1913; Rasanen, 1931; Ekman et al.,
1991) and the flora is relatively well known.
The first checklist of lichens was compiled by
Trass (1970), and Trass & Randlane (1994)
published a monograph of the Estonian
macrolichens. Randlane & Saag (1999) have
recently published the second checklist of li-
chens and allied fungi. It contains 790
lichenized species with 12 infraspecific taxa,
and 39 lichenicolous and 22 other non-
lichenized fungus species with notes on the
ecology, distribution and frequency of each
species. Their notes on frequencies are based
on the numbers of known localities. Many of

the species reported as rare, however, may be
common, but overlooked or insufficiently
known in Estonia.

The XIV Symposium of Baltic Mycologists
and Lichenologists was arranged during Sep-
tember 3-8, 1999 in Jarvselja, Tartumaa
County, southeastern Estonia. Most of the ex-
cursions took place in the Jarvselja area, ex-
cept a field trip to Taevaskoja in P8lvamaa
County. Estonia belongs to the hemiboreal veg-
etation zone (Ahti et al., 1968), and the study
area is in the floodplain swamp region along
the lower course of the River Emajégi and
southwestern coast of Lake Peipsi (Laasimer,
1965). The area is characterized by the exten-
sive landscape with mires and old forests, which
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are dominated by spruce and pine, sparse
population and relatively low intensity of for-
est management. However, Jarvselja has had
a remarkable role in the forestry research dur-
ing the last 150 years in Estonia.

The present paper contains notes on rare
and/or new Estonian lichen and lichenicolous
fungus species, which were found during the
symposium. Four macrolichen species listed
here have been regarded as threatened in Es-
tonia by Randlane (1998): Evernia divaricata
(vulnerable), E. mesomorpha (care demanding),
Flavoparmelia caperata (extinct or probably
extinct) and Hypocenomyce sorophora (rare).

LOCALITIES

Altitudes of all localities are between 25-50
metres.

3-6 Sept. 1999
1 Tartumaa County, Jarvselja village
(58°16'02"N, 27°18'06"E).

4 Sept. 1999

2 Tartumaa County, Jarvselja Virgin Forest
Nature Reserve (forest squares 223-226),
and forest squares 241, 242 and 227 in
the vicinity of the Nature Reserve. Old
growth forests mainly of Picea, Tilia and
Alnus (58°16'50"N, 27°19'18"E).

5 Sept. 1999

3a Tartumaa County, Jarvselja Dendrological
park (58°16’02”"N, 27°18'06"E).

3b Tartumaa County, Jarvselja to Rdkka
(58°15'N, 27°18’E). Old forests of Oxalis-
Myrtillus and Vaccinum uliginosum types
(forest squares 259-261), mixed forests of
Oxalis-Myrtillus type (forest squares 273-
274).

6 Sept. 1999

4 Po6lvamaa County, Kiidjarve (58°08’N,
27°02'E) to Taevaskoja (58°07'N, 27°03'E),
Taevaskoja Landscape Reserve, east side
of the valley of Ahja River. Coniferous for-
ests mainly of Pinus and Picea, of Oxalis,
Myrtillus and Vaccinium uliginosum types.

7 Sept. 1999
5 Tartumaa County, Agali
(58°17°'4”"N, 27°17'22"E).

arboretum

6 Tartumaa County, Emaj6ée Suursoo (Great
Fen of Emajbgi) Reserve, from Lake Leegu
(58°22'N, 27°17’E) to Apnasaar mineral bog
island (58°21'N, 27°18’E). Old mixed for-
ests of Oxalis, Myrtillus and Oxalis-Myrtillus
types.

7 Tartumaa County, Ahunapalu cemetery
(58°19'N, 27°18'E).

LIST OF SPECIES

I = new to Estonia, # = lichenicolous fungus.
Collectors: PH = Pekka Halonen, MK = Martin
Kukwa, PL = Piret Lohmus, LM = Ljudmilla
Martin, JM = Jurga Motiejunaite, TR = Tiina
Randlane, AS = Andres Saag, AT = Arne Thell.
Herbaria: BILAS = University of Vilnius, ICEB
= International Centre for Environmental Biol-
ogy, Tallinn Pedagogical University, OULU =
University of Oulu, TU = University of Tartu,
TUR = University of Turku, UGDA-L = lichen
herbarium, University of Gdansk.

IABSCONDITELLA LIGNICOLA Vezda & Pisut — 2: for-
est square 224, on decorticated wood in
trench, LM (ICEB).

ARTHONIA BYssAacea (Weigel) Almqg. — 6: forest
square 19, on Quercus sp., MK (TU, UGDA-
L). — Rather rare in Estonia (Randlane &
Saag, 1999).

Bacipina ARNOLDIANA (KOrb.) V. Wirth & Vezda -
6: forest square 19, on stumps, MK (TU,
UGDA-L). — Very rare in Estonia, previously
known only from western islands (Randlane
& Saag, 1999).

Biatora oceLLIForMIs (Nyl.) Arnold - 2: forest
square 242, on trunk of Tilia cordata in
mixed forest, JM (BILAS). — Rather rare in
Estonia (Randlane & Saag, 1999).

CHAENOTHECA GRAcCILLIMA (Vain.) Tibell - 3a: on
rotten stump, PH & PL (OULU, TU). - This
is the third locality for the species in Esto-
nia (see L6hmus, 1998).

Craponia caespiTiciA (Pers.) Florke — 2: forest
square 242, on fallen tree in mixed old
growth forest, LM (ICEB). — This is the fourth
locality for the species in Estonia.

CLADONIA NORVEGICA Tgnsberg & Holien — 3b: for-
est square 261, on stump, MK (UGDA-L). —
Very rare in Estonia (Randlane & Saag,
1999).



I#CLyPEOCOCCUM HYPOCENOMYCIS D. Hawksw. — 3b:
forest square 261, on Hypocenomyce
scalaris growing on Pinus sylvestris, MK
(UGDA-L).

I#COoRTICIFRAGA FUCKELII (Rehm) D. Hawksw. & R.
Sant. — 6: forest square 17, on Peltigera
didactyla growing on soil, MK (UGDA-L), JM
(BILAS, TU).

CvBEBE GRACILENTA (Ach.) Tibell — 2: forest square
227, on lignum of old Populus tremula, PL
(BILAS, TU, UGDA-L); 3b: forest square
274, on lignum at base of Picea abies, PL
(no specimen). — Before the symposium the
species was known only from one locality
in NE Estonia.

Evernia pivaricaTa (L.) Ach. — 6: forest square
19, on branch of Picea abies, AT & PH (TU).
— The species has earlier been rather fre-
quent in Estonia, but it has strongly de-
creased during recent decades (Randlane
& Saag, 1999).

EverniA MEsomorPHA Nyl. — 7: on base of Betula
sp., PH & TR (TU). — Rather rare in Estonia
(Randlane & Saag, 1999).

FLAvOPARMELIA cAPERATA (L.) Hale — 7: on dead
Juniperus tree, PH, TR, AT & AS (OULU,
TU, TUR). - This is the fourth locality for F.
caperata in Estonia (T. Randlane, personal
comments) and three of them have been
found only recently. Thus the category of
threatened lichens concerning this species
(i.e. extinct or probably extinct) should be
changed.

GvyALECTA TRUNCIGENA (Ach.) Hepp — 3b: forest
square 261, on trunk of old Populus tremula
in mixed old growth forest, JM (BILAS), MK
(UGDA-L), LM (ICEB). — This is the second
locality for G. truncigena in Estonia. The
species has earlier been found from the vi-
cinity of Tartu growing on Quercus robur
(Thor & Nordin, 1998).

I#HoBSONIA CHRISTIANSENII B. L. Brady & D.
Hawksw. — 1: on Physcia s. lat. growing on
branches of Crataegus sp., MK (UGDA-L);
6: forest square 19, on Physcia sp. growing
on Populus tremula, MK (UGDA-L).

HypocenomycE soropPHORA (Vain.) P. James & Poelt
- 3b: forest square 260, on trunks of Pinus
sylvestris in boggy pine forest, JM (BILAS,
TU), MK (UGDA-L); 4: 1 km SE of Kiidjarve,
on Pinus sylvestris, MK (UGDA-L). — Re-
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ported as very rare in Estonia, previously
known only from western islands (Randlane
& Saag, 1999). The species is probably com-
mon in Estonian bog forests.

1JAPEWIA SUBAURIFERA Muhr & Tensberg — 6: for-
est square 19, on trunk of Alnus glutinosa
in swampy alder forest, JM (BILAS).

Lecipea NYLANDERI (ANnzi) Th. Fr. — 2: forest square
242, on Betula sp., MK (UGDA-L); 3b: for-
est square 274, on Betula sp., MK (TU,
UGDA-L). — Reported as rare in Estonia and
previously known only from three localities
in western regions, possibly overlooked
(Suija, 1998).

LerrariA NEGLECTA (Nyl.) Erichsen - 4: 3.5 km
SE of Kiidjarve, on granite stone, MK
(UGDA-L), TLC: alectorialic acid and
atranorin. — Reported as rare in Estonia,
previously known only from five localities
in western regions (Saag & Saag, 1999).

#LicHENOCONIUM ERODENS M. S. Christ. & D.
Hawksw. — 1: on Hypogymnia physodes
growing on Betula sp., JM (BILAS); 2: for-
est square 226, on Parmelia sulcata grow-
ing on Populus tremula, MK (UGDA-L); for-
est square 241, on Parmeliopsis ambigua
growing on Pinus sylvestris, MK (UGDA-L);
forest square 242, on P. sulcata growing on
P.tremula, and on Cladonia ochrochlora, MK
(UGDA-L). — Reported as very rare in Esto-
nia (Randlane & Saag, 1999), but the spe-
cies is probably common in Estonia.

#LicHENOCONIUM LECANORAE (Jaap) D. Hawksw. —
1: on Lecanora carpinea growing on Quercus
robur, JM (BILAS); 6: forest square 19, on
Lecanora albella growing on Alnus incana,
MK (UGDA-L).

#LICHENOCONIUM XANTHORIAE M. S. Christ. — 1: on
apothecia of Xanthoria polycarpa and
Physcia stellaris growing on branches of
Crataegus sp., MK (UGDA-L). — Very rare
in Estonia (Randlane & Saag, 1999).

MicarRea HEDLUNDII Coppins — 6: forest square 19,
on rotten stump in pine forest, JM (BILAS).
— Very rare in Estonia (Randlane & Saag,
1999).

Micarea miseLLA (Nyl.) Hedl. — 2: forest square
242, on rotten stump in mixed old growth
forest, LM (ICEB). — This is the fourth lo-
cality for the species in Estonia.
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MicaAREA PELIOCARPA (Anzi) Coppins & R. Sant. —
4: ca 1 km SE of Kiidjarve, on shaded side
of siliceous stone in forest, JM (BILAS). —
Rather rare in Estonia (Randlane & Saag,
1999).

IPELTIGERA DIDACTYLA Var. EXTENUATA (Vain.) Goffinet
& Hastings — 5: over mosses on soil, MK
(UGDA-L). — New variety to Estonia. P.
didactyla var. extenuata differs from var.
didactyla by the former’s usually larger size
and normally abundant soralia. Further-
more, var. extenuata contains gyrophoric
acid (C+ red; seen on soralia), while var.
didactyla does not contain secondary lichen
substances. However, the morphological
and chemical differences between these two
varieties are not totally cleared yet (O.
Vitikainen, personal comments). The world
distribution of var. extenuata is very wide
and the variety is common in northern
Europe (O. Vitikainen, personal comments).

PerTUsARIA pupILLARIS (Nyl.) Th. Fr. — 1: on Salix
sp., MK (UGDA-L). - Reported as rare in
Estonia (Randlane & Saag, 1999).

1#PHAEOPYXIS PUNCTUM (A. Massal.) Rambold,
Triebel & Coppins - 2: forest square 242,
on Cladonia chlorophaea s. lat. growing on
wood, MK (UGDA-L).

PLACYNTHIELLA DASAEA (Stirt.) Tansberg — 2: forest
square 242, on wood, MK (UGDA-L); 4: 1
km SE of Kiidjarve, on humus, MK (UGDA-
L). — Reported as very rare in Estonia, pre-
viously known only from two localities in
western islands, possibly overlooked (Suija,
1998).

Porina AENEA (Wallr.) Zahlbr. — 2: forest square
226, on Populus tremula, MK (UGDA-L). -
Very rare in Estonia, previously known only
from western islands (Randlane & Saag,
1999).

IPorpiDIA sorebizobEs (Nyl.) J. R. Laundon — 1:
on granite stone in open locality, MK
(UGDA-L), TLC: stictic acid complex; 4: ca
1 km SE of Kiidjarve, on siliceous stone in
forest, JM (BILAS).

#ReFrAcTOHILUM PELTIGERAE (Keissl.) D. Hawksw.
- 6: forest square 17, on Peltigera didactyla
growing on soil, MK (UGDA-L).

RHizocarRPON LAVATUM (Fr.) Hazsl. — 3b: forest
square 261, on granite boulder in mixed
old growth forest near trench, LM (ICEB). —

This is the second locality for the species
in Estonia. Previously known from western
islands (Randlane & Saag, 1999).

IScoLiciosporum PRUINOSUM (P. James) Vezda — 6:
forest square 19, on Alnus incana, MK
(UGDA-L).

1#SPHAERELLOTHECIUM PROPINQUELLUM (Nyl.) Roux &
Triebel — 1: on apothecia of Lecanora
carpinea growing on trunk of Quercus robur,
JM (BILAS).

ISTEINIA GEOPHANA (Nyl.) Stein — 6: forest square
17, on sandy soil in old sandpit, JM (BILAS).

1#SvzyGosPorA PHYsSCIACEARUM Diederich — 5: on
Physcia stellaris growing on Populus sp., MK
(UGDA-L).

I#TREMELLA HYPOGYMNIAE Diederich & M. S. Chrrist.
- 1: on Hypogymnia physodes growing on
Quercus robur, JM (BILAS); 2: forest square
242, on H. physodes growing on Populus
tremula, MK (UGDA-L); 6: forest square 19,
on H. physodes growing on Alnus glutinosa
in swampy alder forest, JM (BILAS).

I#TREMELLA RAMALINAE Diederich — 1: on Ramalina
fraxinea growing on Tilia cordata, MK
(UGDA-L). — This is the third locality for the
species in the world and second in Europe
(see Diederich, 1996).

UsNEa wasMuTHI R&asdnen — 1: on ground, fallen
from tree, PH (OULU), TLC: usnic and
barbatic acids. — Rather rare in Estonia
(Randlane & Saag, 1999).

VERRUCARIA HYDRELA Ach. — 4: ca 3 km SE of
Kiidjarve, on siliceous boulders along riv-
erbed, JM (BILAS). — Trass (1970) reported
the species from Estonia, but any her-
barium material has not been seen.

IVERRUCARIA PRAETERMISSA (Trevis.) Anzi — 4: ca 3
km SE of Kiidjarve, on siliceous boulders
along riverbed, JM (BILAS).

#VOUAUXIELLA LICHENICOLA (Linds.) Petr. & Sydow
— 1: on Lecanora chlarotera growing on
Abies sp., MK (UGDA-L). — Very rare in Es-
tonia, previously known only from NW re-
gions (Randlane & Saag, 1999).

#VOUAUXIOMYCES SANTESsONIl D. Hawksw. — 2: for-
est square 227, on Platismatia glauca grow-
ing on dry branches of Picea abies, JM
(BILAS); 3b: forest square 260, on P. glauca
growing on Betula sp., JM (BILAS); 4: 1 km
SE of Kiidjarve, on P. glauca growing on
Betula sp., MK (UGDA-L); 6: forest square



19, on P. glauca growing on dry branches
of P. abies, MK (UGDA-L). — Reported as
rather rare in Estonia (Randlane & Saag,
1999), but the species is probably very com-
mon in Estonia.
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Abstract: Lichen indication studies were carried out in Kaunas city in 1996-1998. 62 taxa of epiphytic lichens were
registered. Number of species and average coverage of epiphytic communities was determined on the base of 1x1 km
grid. Lichen indication map of Kaunas city was compiled where three zones can be identified using the Index of
Poleotolerance (L.P.). Results obtained allowed to propose modifications in the dislocation of air pollution monitoring
stations in Kaunas.

Kokkuvoéte: N. Juceviciene ja V. Valaikaite-Domarkiene. Kaunase linna Shu kvaliteedi hindamine
passiivse lihhenoindikatsiooni meetodil.

Lihhenoindikatsiooniline uurimus Kaunase linnas viidi 1dbi aastatel 1996-1998. Registreeriti 62 taksonit epifiititseid samblikke.
Miirati liikide arv ja epifiiiitsete koosluste keskmine katvus vorgustiku ruutudes sammuga 1 x 1 km. Poleotolerantsuse
indeksit kasutades koostati Kaunase linna lihhenoindikatsiooniline kaart, milles eraldati kolm tsooni. Saadud tulemused

voimaldasid esitada soovitusi Kaunases asuvate 6hu saastatuse seirejaamade asukoha muutmiseks.

INTRODUCTION

Epiphytic lichens are known as sensitive
bioindicators of atmospheric air pollution for
more than a century (Ferry et al., 1973). Since
1926 several indicational mapping techniques
have been used to identify the distribution of
air pollution in cities and industrial regions.
Different characters of lichen species and com-
munities have been applied for air quality as-
sessment, such as morphological changes in
transplanted lichen thalli, vitality, accumula-
tion of pollutants in thalli, species composition
and diversity in the communities, frequency of
different species, general and specific coverage,
etc. (Sernander, 1926; Skye, 1958; Brodo,
1961; Gilbert, 1965; de Wit, 1976). Passive li-
chen monitoring is one of the most widely im-
plemented approaches (Stolte et al., 1993). This
approach is based on quantitative analysis of
occurrence of epiphytic lichen species and their
coverage on the phorophytes in selected terri-
tories (Trass, 1973; Martin & Martin, 1974,
Kauppi & Halonen, 1992; Straupe & Piterans,
1996). Lichen zones can be distinguished by
calculation of indices of lichen communities (De
Sloover & LeBlanc, 1968; Trass, 1968) or by
using other mathematical methods and map-
ping techniques (McCune et al., 1997; Dietrich
& Scheidegger, 1997 ).

In Lithuania lichens as bioindicators have been
used only since 1995 by the authors of the
present paper. At first, the green areas of
Kaunas and a transect crossing the city were
investigated (Skorobogataite & Valaikaite,
1996). The poleotolerance (sensu Trass, 1973)
of 33 epiphytic lichens was determined and
preliminary lichen zones were established for
the studied area.

Kaunas, the second largest city in Lithua-
nia with a territory of 157,15 km? and popula-
tion close to 416 000 (in 1998), is located in
the central part of Lithuania, on the conflu-
ence of the two largest Lithuanian rivers
Nemunas and Neris (Fig. 1). The complex of river
valleys and adjacent lowlands form a specific
landscape. Kaunas is also an industrial cen-
tre, important junction of railway and highways.
The industrial area, approximately 10 % of the
territory of the city, is located in the southern
part of it. Nitrogene compounds, dust and
formaldehydes which are mainly produced by
traffic (Juknys & Zukauskaite, 2000) are the
main atmospheric pollutants in Kaunas.

Municipal Environmental Monitoring Pro-
gram in Kaunas was launched in 1993. This
program includes pollution assessment of at-
mospheric air, drinking and surface water, soil,
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LITHUARLA
" KAUNAS

. POLAND BELARUS

Fig. 1. Location of Kaunas city in the Baltic
region

and vegetation. Atmospheric air quality is an-
nually investigated in Kaunas in three station-
ary and twelve temporal stations for air moni-
toring (Kameneckas, 2000).

The purpose of the present study was to evalu-
ate the state of complex atmospheric air pollu-
tion in the whole area of Kaunas city and to
present the first results of bioindicational zo-
nation.

MATERIAL AND METHODS

The research for the present paper was carried
out in 1996-1998. The grid of 1 x 1 km squares
was used; 127 squares covered the whole ter-
ritory of Kaunas city. In each square up to 10
trees were chosen, mostly Tilia, Acer and Pinus
which are the dominating tree species in
Kaunas area. Tilia and Acer are rather similar
in the properties of bark (pH, bark structure)
while Pinus has a different character of the bark
with lower value of pH and softer squamulose
structure (Barkman, 1958; Wirth, 1995). Data
on Scots pines were included into the database
because of the lack of deciduous trees in some
areas of Kaunas (e.g. in Panemune and
Kalnieciai districts). In study sites only sepa-
rately standing trees with faultless, upright,
solitary truncs with diameter of 20-40 cm were

selected for the description of lichen commu-
nities. Epiphytic lichen communities were de-
scribed by means of 20 x 20 cm sampling frame
positioned at the northern side of a trunk at
the breast height (1.3 m from base). All
epiphytic lichen species were registrated for
every sample as well as the specific and total
coverage was identified.

Samples of all epiphytic lichens inside of
the frame were collected for laboratory identifi-
cation (about 3600 specimens in total). Lichen
species were identified using traditional meth-
odology which included morphological and ana-
tomical observations as well as chemical spot
tests and measurements under the transmis-
sion light microscope. Nomenclature of lichens
used in the present paper follows R. Santesson
(1993).

Classes (degrees) of poleotolerance for every
species were established using the ordination
of taxa according to the distances of the squares
from the city centre where the corresponding
species was registered (Martin & Martin, 1974
). Considering the assumption that the squares
in the centre of the city have the highest level
of atmospheric pollution in the area and the
squares in the outskirts of the city — the low-
est, the appearance of registered lichen spe-
cies was ordinated as shown in Table 1 and
the numbers of classes of poleotolerance were
conferred. In the studied area the lowest de-
gree of poleotolerance was 3 and the highest
was 8 while the degree 1 on the total scale cor-
responds to a pristine (non polluted natural
area) and degree 10 — to heavily polluted area.

The Index of Poleotolerance (I.P.) proposed by
Trass (1968, 1973) was used to characterize
lichen communities and to reveal lichen zones.
All the calculations were made using the fol-
lowing formula:

n

1.P.:Z%

i=l1 n

where n — number of lichen species in sample
frame, a, — class of poleotolerance of species i,
c, — coverage of species i, and C_ - total cover-
age of the lichen community.

I.P. was calculated for every sample (tree)
and then averaged for each square of the grid.
The average values of I.P. were used for zona-
tion of the Kaunas territory.
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Table 1. Definition of classes of poleotolerance (a,) for lichen species recorded in Kaunas city

No. Lichen species Distance from the centre of the city (km) a
1 2 3 4 5 6
1. Bacidia rubella (Hoffm.) A. Massal. + 3
2. Candelariella reflexa (Nyl.) Lettau + 3
3. Catillaria nigroclavata (Nyl.) Schuler + 3
4. Chaenoteca ferruginea (Turner & Borrer) Mig. + 3
5. Cladonia fimbriata (L.) Fr. + 3
6. Dimerella pineti (Ach.) Vezda + 3
7. Lecanora expallens Ach. + 3
8. Lecidea nylanderi (Anzi) Th. Fr. + 3
9. Micarea prasina (F'r.) + 3
10.  Parmeliopsis ambigna (Wulfen) Nyl. + 3
11.  Ramalina fastigiata (Pets.) Ach. + 3
12. Ramalina fraxinea (1..) Ach. + 3
13. Usnea birta (L) F. H. Wigg, + 3
14.  Xanthoria candelaria (L.) Th. Fr. + 3
15.  Evernia prunastri (1..) Ach. + 3
16.  Graphis scripta (1..) Ach. + 3
17. Melanelia fuliginosa (Fr. ex Duby) Essl. + 3
18.  Lecanora leptyrodes (Nyl.) Degel. + 3
19.  Lecidella euphorea (Florke) Hertel + 3
20.  Phaegphyscia endophoenica (Harm.) Moberg + 3
21, Caloplaca holocarpa (Hoffm. ex Ach.) A. E. Wade + + 4
22.  Physconia enteroxantha (Nyl.) Poelt. + + 4
23.  Ramalina farinacea (L.) Ach. + + 4
24.  Rinodina pyrina (Ach.) Arnold + + 4
25.  Lecanora dispersa (Pers.) Sommerf. + + 4
26.  Lecanora piniperda Korb. + + 4
27.  Lecanora argentata (Ach.) Malme + + 4
28.  Candelariella xanthostigma (Ach.) Lettau + + 4
29.  Strangospora moriformis (Ach.) Stein + + 4
30.  Melanela exasperatula (Nyl.) Essl. + + 4
31.  Phaegphyscia nigricans (Florke) Moberg + + 4
32.  Buellia punctata (Hoffm.) A. Massal + + + 5
33.  Lecania cyrtella (Ach.) Th. Fr. + + + 5
34.  Lepraria spp. + + + 5
35.  Phhytis argena (Spreng.) Flot. + + + 5
36.  Physcia stellaris (L.) Nyl. + + + 5
37.  Candelariella vitelina (Hoffm.) Mull. Arg, + + + 5
38.  Physcia adscendens (Fr.) H. Olivier + + + 5
39.  Melanelia subanrifera (Nyl.) Essl. + + + 5
40.  Lecanora carpinea (1..) Vain. + + + + 6
41.  Bacidia naegelii (Hepp) Zahlbr. + + + + 6
42.  Lecanora symmicta (Ach.) Ach. + + + + 6
43, Lecidella elacochroma (Ach.) M. Choisy + + + + 6
44, Scoliciosporum chlorococum (Stenh.) Vezda + + + + 6
45.  Physcia dubia (Hoffm.) Lettau + + + + 6
46.  Phaegphyscia orbicularis Neck.) Moberg + + + + 6
47.  Xanthoria polycarpa (Hoffm.) Th. Fr. ex Rieber. + + + + 6
48.  Lecanora conizaeoides Nyl. ex Cromb. + + + + + 7
49.  Hypogymmnia physodes (L..) Nyl. + + + + + 7
50.  Lecanora pulicaris (Pers.) Ach. + + + + + 7
51.  Lecanora hagenii (Ach.) Ach. + + + + + + 8
52.  Hypocenomyce scalaris (Ach.) M. Choisy + + + + + + 8
53.  Lecanora chlarotera Nyl. + + + + + + 8
54.  Parmelia suleata Taylor + + + + + + 8
55.  Physcia tenella (Scop.) DC. + + + + + + 8
56.  Xanthoria parietina (L..) Th. Fr. + + + + + + 8
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Fig. 2. Specific diversity of epiphytic lichens per assesment square.
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Fig. 3. Average coverage of epiphytic lichen communities in Kaunas city.
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LICHENOINDICATIONAL ZONES:

IP:40-55 [ | | - zone of weaker pollution
5.5-7.0 [0 Il - zone of medium pollution
7.0-8.0 ! Il - zone of stronger pollution

Zaliakalnis

Fig. 4. Lichen indication zones of atmospheric air pollution in Kaunas city.
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Fig. 5. Integrated zones of air pollution in Kaunas in 1998 (Kameneckas, 2000).
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RESULTS AND DISCUSSION

62 epiphytic lichen species were identified in
Kaunas city (Table 1). Foliose and crustose li-
chens were met all over the investigated area
while fruticose species were observed in five or
more kilometers away from the centre of the
city. The group of species tolerant to the air
pollution (classes 7 and 8 in Table 1) occurring
also in the central parts of the Kaunas city con-
sists of nine species including Lecanora
conizaeoides, Hypogymnia physodes, Lecanora
pulicaris, Lecanora hagenii, Hypocenomyce
scalaris, Lecanora chlarotera, Parmelia sulcata,
Physcia tenella and Xanthoria parietina. The
group of species sensitive to air pollution (class
3 in Table 1) includes 20 taxa of epiphytic li-
chens. Among them some fruticose taxa such
as Cladonia fimbriata, Ramalina fastigiata, R.
fraxinea, Usnea hirta and Evernia prunastri were
registered. These species were found only in
the periferial districts of the city (at least six
km further from the centre of the city).

Species diversity of the epiphytic lichen
flora in the Kaunas area

The number of species per square was used
for the mapping purposes. According to the map
(Fig. 2), the number of lichen species increased
gradually in the direction away from the centre
of the city. The lowest numbers of species per
one square was observed in the centre as well
as in the northern and south-eastern areas of
Kaunas. In the latter areas Scots pine forests
are mainly distributed. Furthermore, these ar-
eas are located in the river valleys where the
impact of air pollution on lichens is consider-
ably higher due to the inversions in humid and
cold seasons of the year. The highest number
of epiphytic species was found in the outskirts
of the city where the maximum number of taxa
was 29 per square.

Average coverage of epiphytic lichen
communities

The average coverage of epiphytic lichens per
grid square (1 x 1 km) varied from 1 to 29% in
the studied area (Fig. 3). It is well seen that the
communities with the highest values of cover-
age are located in the preriferial areas of the

city (e.g. Panemune district) while the average
coverage did not exceed 10% per grid square
in the most parts of the territory.

Lichen indication mapping

The lichen indication map of Kaunas city was
compiled using the Index of Poleotolerance (1.P.)
proposed by Trass (1968). |.P. expresses the
weighted average coverage and poleotolerance
of noted lichen species in the community. The
estimation of classes of poleotolerance (degrees
for lichen species) was explained in Material
and Methods. In this study we used the data
presented by Skorobogataite & Valakaite (1996)
with the following amendments: (i) newly reg-
istered species were processed as described in
Methods, (ii) lichen specimens identified to the
level of genus only were not considered; there-
fore the list of lichen species presented in Ta-
ble 1 includes 56 species (and not 62 as men-
tioned above), (iii) estimations of poleotolerance
for some species were checked and changed
according to the latest data.

Three zones of atmospheric pollution can
be distinguished according to the lichen indi-
cation map of Kaunas city (Fig. 4). The varia-
tion of values of I.P. is rather limited exceeding
from 4.0 to 8.0. The zone indicating lower pol-
lution of air ( I.P. = 4.0-5.5) is very restricted.
All the squares of this zone are located in the
periferial districts around the city. The most
part of the territory (105 squares from 127)
belong to the zone of medium pollution. The
zone of higher pollution which is mainly located
in the central area of the city and valley of the
Nemunas River occupies about 13% of the
whole territory. Area without any lichen spe-
cies ( “lichen desert”) has not been found in
Kaunas.

Another map of Kaunas city has been compiled
on the basis of the Integrated Index of Air Pol-
lution (Fig.5, according to Kameneckas, 2000).
The Integrated Index of Air Pollution is calcu-
lated using average daily concentrations of air-
borne pollutants such as dust, nitrogen oxides,
sulphur dioxide, and formaldehydes
(Kameneckas, 2000). The comparison of two
maps (Figs 4 & 5) which had been composed
using quite different methods demonstrated



considerable similarity. Some differences in
contours of zones on these maps are evidently
caused by the different methodological ap-
proaches: in our study the variables reflecting
response of living organisms on pollution im-
pact were considered while the map by
Kameneckas is compiled using direct data of
pollutants. On the base of the analysis of both
maps, it is possible to propose a few correc-
tions in dislocation of some air pollution moni-
toring stations in Kaunas: (1) it is sufficient to
have only one station (instead of two) in
Vilijampole district which is rather homogene-
ous regarding air pollution; (2) it is advisable
to establish additional air monitoring stations
in three other districts: Zaliakalnis, Dainava,
and Panemune.
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Application of flow cytometry for measurement of nuclear DNA
content in fungi
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Abstract: Methods were developed for quantitative evaluation of the nuclear DNA content of fungal cells by flow
cytometry. Cells of Saccharomyces cerevisiae (YAC M3 strain), the spore print of Pleurotus ostreatns (TAA 142824) and conidia
of Trichophaea hemisphaerioides (TFC 97-71) are applicable as standards for fungal flow cytometry.

Measurements of the same specimens from different laboratories using different methods were compared. The
value of nuclear DNA content of P. ostreatus, obtained through the primary standard S. cerevisiae, was 25.0 Mb with the use
of laser , and 24.0 Mb with the use of HBO lamp.

Comparative measurements of 1. hemisphaerioides were carried out with two species, S. cerevisiae and P. ostreatus, re-
spectively using staining with PI. In the first case measurement was performed through intact cells and the obtained
nuclear DNA content of T. hemisphaerivides was 22.2 Mb. In the second case measurment was performed through intact
nuclei and the obtained nuclear content was 23.3 Mb. Measurements by experimental series, performed with the use of the
same technique and fluorochrome, can be valued highly in estimation slight differences between aneuploids.

Flow cytometric studies show improved resolution when the complex fluorochrome DAPI SR101 was used. Two
subpopulations in the spore print of P. ostreatus, differing in DNA content by 4.9 Mb (20%), were not detected when only
PI staining or DAPI staining was used. Staining with DAPI SR101 is essential in the study of aneuploidy and especially in
genetic characterizing of heteroploids (nonhaploids) derived by intraspecific hybridisation. Diversity of the nuclear DNA
content of a spore print reflect the fate of chromosome length polymorphism of hybrid genomes during meiosis. This
simple and precise method can prove highly promising in the analysis of DNA in the fundamental and applied cytogenetic
research of the fungal cell as well as in the systematics of fungi.

Kokkuvote: B. Kullman. Labivoolu-tsiitomeetria rakendamine seente rakutuuma DNA-sisalduse
uurimisel.

Seene rakutuuma DNA-sisalduse kvantitatiivseks madramiseks arendati libivoolu-tsiitomeetriat. Leiva-pirmseene Saccha-
romyces cerevisiae (YAC M3) rakud, austerserviku Pleurotus ostreatus (TAA 142824) eosproov ja Trichophaea hemisphaerioides
(TFC 97-71) koniidid puhaskultuurist on kasutatavad standarditena seente libivoolu-tstitomeetrias.

Samu eksemplare moddeti erinevates laboratooriumites erinevate meetoditega ning vorreldi saadud tulemusi. Kasutades
libivoolu-tsiitomeetriat erinevate virvidega (PI, DAPT) vastavalt laseri voi HBO-lambiga moétes, saadi austerserviku tuuma
DNA-sisalduseks 25.0 Mb ja 24.0 Mb, primaarseks standardiks olid parmi rakud.

Liigi T. hemisphaerioides tauma DN A-sisaldus mdodetuna intaktsetest rakkudest voi intaktsetest tuumadest saadi vastavalt
22.2 Mb vo6i 23.3 Mb. Esimesel juhul kasutati standardina parmi rakke, teisel juhul austerserviku eoseid. Aneuploidide
vaheliste viikeste erinevuste kindlakstegemiseks tuleb teha seeriaviisilisi m66tmisi samu meetodeid ja fluorokroome kasutades.

Erinevust austerserviku eosproovi kahe alampopulatsiooni vahel (4.9 Mb / 20%) ei avastatud, kui kasutati ainult tiht
fluorokroomi (PI véi DAPI). Libivoolutsiitomeetria lahutusvime paranes kompleksfluorokroomi DAPI SR101 kasutamisel.
Virvimine kompleksiga DAPI SR101 on oluline aneuploidsuse uurimisel ja eriti liikidevahelise hiibridisatsiooni kaigus
tekkivate heteroploidide (mittehaploidid) geneetiliseks iseloomustamiseks. Lahknemine eosproovi tuumade DNA-sisalduses
peegeldab seene hiibriidse genoomi saatust meioosi kiigus. Kirjeldatud meetodit saab kasutada seeneraku fundamentaalsete
ja rakenduslike tstitogeneetiliste uuringute jaoks ning seente siistemaatikas.

INTRODUCTION

Nuclear DNA amount and genome size are im-
portant biodiversity characters, the study of
which has both practical and theoretical uses
in biology. DNA amount is relatively constant
and tends to be highly characteristic of a spe-
cies, making it a useful character in plant sys-
tematics (Bennett & Leitch, 1998). General cor-

relation of genome size with cell size and mi-
totic cycle time indicates the pivotal role of ge-
nome size in many aspects of evolution and
adaptation (see Dolezhel et al., 1998, for a re-
view). The total DNA content of the unreplicated
haploid nuclear genome is known as its 1C-
value (Swift, 1950).
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Study of chromosome count. Among the
eucaryotes, fungi have the smallest nuclei, com-
monly with a diameter of 1-3 pum
(Kamaletdinowa & Vassilyev, 1982). Fungal
chromosomes are poorly studied due to their
size, which is close to the resolution power limit
of the light microscope (0.24 um). As a result,
chromosome count is difficult to determine di-
rectly, and the literature offers contradictory
reports regarding chromosome numbers for
various species. According to the data of light
microscopy, the number of haploid chromo-
somes is small (2-28) (Rogers, 1973; Bresinsky
et al., 1987b; Wittmann-Meixner, 1989), the
suggested basic number being 4. Several au-
thors (Rogers, 1973; Bresinsky et al., 1987b;
Weber, 1992) regard the data on the fungal
chromosome number, obtained by light
microscopy, as doubtful. Pulsed-field gel elec-
trophoresis (PFGE) is a complicated method for
counting chromosomes in fungal taxonomy
(Mills & McCluskey, 1990). Also, the largest
chromosomes are close to the resolution limit
for electrophoretic karyotyping (Kuldau et al.,
1999). Hence there arises the need to deter-
mine the DNA content of the fungal genome
(haploid chromosome set of the nucleus) for the
establishment of ploidy levels.

Indirect methods of studying genome size.
An indirect method to obtain ploidy levels con-
sists in the analysis of nuclear DNA content
after staining with a fluorochrome and com-
parative evaluation of the data of different spe-
cies. Microfluorometry is used to estimate the
amount of DNA in haploid nuclei, which allows
to assess genome size for taxonomic purposes
(Duran & Gray, 1989). Microspectrophotometry
(cytophotometry) and microfluorometry
(cytofluorometry) of nuclear DNA play an im-
portant role in providing quantitative data. Dif-
ferent fluorochromes are used. To determine
relative DNA content, cytometric measurements
of nuclear Feulgen-DNA content (Peabody et al.,
1978; Peabody & Peabody, 1984; Tooley &
Therrien, 1987; Therrien et al., 1989), DAPI-
DNA content (Bresinsky et al., 1987a,b;
Wittmann-Meixner, 1989; Wittmann-Meixner &
Bresinsky, 1989; Wittmann-Meixner et al.1989;
Weber & Bresinsky, 1992; Weber, 1992;
Bresinsky & Wittmann-Bresinsky, 1995;
Bresinsky et al., 1999), mithramycin-DNA con-
tent (Fischer, 1987; Baiman & Collins, 1990)

and propidium iodide-DNA content (Tetsuka et
al., 1984) have been used.

By means of these methods it is possible to
measure relative DNA amount in the nucleus:
the ratio of the result of the measurement of
the organism to be studied to that of the stand-
ard organism is calculated. A fungus which
chromosome number is known serves as the
standard organism. After determining relative
DNA content for neighbouring species in any
genus, possible differences in ploidy levels in
the karyotype can be found (Geber & Hsibeder,
1980).

Using cytofluorometric investigation of vari-
ous fungi, Bresinsky et al., (1987b) showed a
stability of the relative DNA content of nuclei
within different strains and varieties; there are
however, significant differences between spe-
cies within a genus and between genera within
an order. Correlation between relative nuclear
DNA content, chromosome number and ploidy
levels in several fungal divisions were tested
by Wittmann-Meixner et al. (1989). Intraspecific
variation in DNA amount, which is not excep-
tional in plant species, is quite rare in fungal
species (Ascomycetes and Basidiomycetes)
(Wittmann-Meixner, 1989; Weber, 1992).

Although cytofluorometry allows to study
ploidy levels and taxonomic relationships it has
specific limits (Wittmann-Meixner et al., 1989;
Arnold, 1993; Bresinsky & Wittmann-
Bresinsky, 1995).

To measure the size of the plant or animal
genome, the flow cytometer (fluorescence-acti-
vated cell sorter — FACS) has found ever wider
application. FACS is a convenient and rapid
method for estimation of genome size. FACS
has been used in case of some unicellular fungi.
In case of yeast it was used to study its cell
size and variability of DNA content (Talbot &
Wayman, 1989; Smeraldi, 1994; Porro et al.,
1995; Polacheck et al., 1995; Compagno et al.,
1996; Gift, 1996; Joosten et al., 1996; Petit et
al., 1996; Prudéncio et al., 1998). The genetic
characteristics of the Dekkera yeast strain, iso-
lated from sherries, as well as of a number of
other Brettanomyces and Dekkera strains have
been described on the bases of DNA content
per cell (Ibeas, et al., 1996).

FACS was used to characterize the isolates
of Phialophora gregata proceeding from the
fluorescence intensity of propidium iodide



stained conidia. The isolates differed in their
mean fluorescence intensity, ranging from
100.0 to 129.7 arbitrary units (a.u.) (Gourmet
et al., 1997). FACS has also been used in the
study of arbuscular mycorrhizal (Glomus
mosseae) and non-mycorrhizal tomato roots
infected or uninfected with Phytophthora
nicotianae var. parasitica. Presence of the patho-
gen may result in DNA loss and condensation.
Infection by either fungus (symbiotic or patho-
gen) reduced the ratio of 4C to 2C nuclei in the
differentiated root (Lingua et al., 1996). Using
flow cytometry, the Scutellospora castanea ge-
nome was estimated at 1 pg (965 Mb) (Zeze et
al., 1996). Regrettably, no literature data are
available on the earlier application of FACS to
filamentous ascomycetes and basidiomycetes.

The aim of the present study was to adopt
appropriate techniques and standards for es-
timation of genome size in fungi using flow
cytometry.

RESEARCH TECHNIQUE, DEVICES AND
EQUIPMENT

Flow cytometric analysis. Detailed principles
of flow cytometry are described in Gray et al.
(1987), in Darzynkiewicz (1994) and in Bennett
& Leitch (1995). To obtain a reliable result,
about 100000 intact cells are needed. Nuclei
are stained with fluorescence stains
(fluorochromes) bound to DNA; a fluorochrome
is bound to DNA quantitatively. In the cytom-
eter, the cell suspension under study passes,
as a fine jet, the laser beam, inducing excita-
tion in the fluorochrome-DNA complex. The
intensity of arising fluorescence is measured
with the photodetector separately for each cell.
The measured intensity is proportional to the
amount of fluorescent substance and hence
also to DNA content in cells.

Flow cytometric analysis of stained nuclei
is used to characterize the diversity of speci-
mens as well as to study their cell-cycle phase
distributions.

The method relies on a single-time meas-
urement of cell populations of one sample.
Analysis can be either univariate, based on the
measurement of DNA content alone, or
multivariate, involving other cell characters
besides DNA. Flow cytometric analysis of scat-
tering light (FSC and SSC) depends on cell size,
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morphology and structure. Hence, although
such measurements per se cannot reveal
whether each individual cell actually progresses
through the cell cycle or not, kinetic informa-
tion can be inferred from DNA content (posi-
tion of the cell cycle). Progression through the
S-phase and mitosis (cytokinesis) is expressed
by changes in cellular DNA content. The posi-
tion of the cell in the cycle can therefore be
estimated on the basis of measurement of DNA
content (Fig. 4).

The resulting fluorescence histograms can
be analysed for calculating the difference in
nuclear DNA content between the specimens.
By including an internal standard, relative DNA
content is converted to absolute amount (Figs
5 and 6; 7 and 8). The absolute DNA content of
an unknown specimen is obtained by dividing
the mean relative DNA content of the unknown
G1 population by the mean of the standard G1
population and by multiplying the result by the
absolute DNA content of the standard. Flow
cytometry is also useful in the measurement of
cell and nuclear size with the aim to study the
relationship between the two parameters and
DNA amount (Fig. 11).

Fluorochromes. To analyse DNA content,
mostly the fluorochromes 4,6’-diamidino-2-
phenylindole (DAPI), which binds at AT-rich
regions, and propidium iodide (Pl), which in-
tercalates into double-stranded DNA, are used.
Dolezhel et al. (1992) found that the difference
between the DNA contents measured with PI
and DAPI, was statistically highly significant,
and concluded that the use of base preferring
fluorohromes can lead to errors.

Maximum excitation of DAPI, bound to
DNA, is at 359 nm, and its maximum emission
is at 461 nm. The HBO lamp supplied with a
UG1 excitation filter serves as the source of ex-
citation.

Maximum excitation of Pl, bound to DNA,
is at 536 nm and its maximum emission is at
617 nm. For excitation, an argon-ion laser
emitting at 488 nm (blue light lines) appears
optimal. A fluorescence detector is used to ana-
lyse the light emitted by stained cells at 610
nm.

Pl has often been used to test nonviable
cells. Dead cells with injured membranes can
incorporate PI, which stains DNA in the nu-
cleus. DAPI stains viable cells as well.
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Calibration standards for C-values of fungal
DNA. An organism in which DNA content has
been measured by some other means, can be
used as an standard. Applicability of chicken
erythrocytes (2C=2.33pg) is generally accepted.
(DNA amount is usually expressed in picograms
(pg) or in megabase pairs of nucleotides (Mb)
(NB 1pg=965 Mb, see Bennet & Leitch, 1995.)
However, the C-value of chicken erythrocytes
is too high for measuring fungal genome size.
At setting a standard, it is desirable to select a
taxon which DNA amount is similar to that of
the unknown taxon, since larger than two-to
threefold differences between the genome size
of the standard and that of the unknown taxon
may increase technical error (Dolezhel et al.,
1992). In an ideal case, only one strain of a
standard species from a single source should
be used for calibration, which improves com-
parability of the results obtained at different
laboratories.

Duran & Gray (1989) used S. cerevisiae as
a benchmark organism in cytofluorometry (1.5
X 10%° Dalton = 22 Mb of DNA per haploid nu-
cleus) and estimated that among 72 species of
fungi haploid DNA ranged from 13.5 x 10° to
95.8 x 10° Dalton = 20 Mb to 142 Mb (1pg=0.65
x 10%? Dalton, see Nagel, 1976). The complete
sequence of S. cerevisiae was determined in
1996 in international collaboration within the
project HUGO (ftp.ebi.ac.uk). The total genome
size of S. cerevisiae, strain S288C, is 13.10502
Mb.

Another standard used for fungi is Pleurotus
ostreatus (Bresinsky et al., 1987b; Wittmann-
Meixner, 1989). Using various analytical tech-
niques several authors have reported different
chromosome numbers and genome sizes for P.
ostreatus.

Horgen et al. (1984) reported that the hap-
loid genome of P. ostreatus contains three
classes of DNA sequences: (1) unique 23.4%;
(2) repetitive 5.19%; and (3) foldback 5.19%.
The unigue DNA sequences was equal to 21
Mb. Using these data, Wittmann-Meixner
(1989) calculated total genome size at 29.4 Mb.

Basing on PFGE experiments, Sagawa and
Nagata (1992), Peberdy et al.(1993) and Larraya
at al. (1999) reported the chromosome num-
bers of 6, 9 and 11; total genome size of 20.8
Mb, 31.3 Mb and 35.0; chromosome sizes rang-
ing from 2.1 to 5.2 Mb, 1.1 to 5.7 Mb and 1.4
to 4.7 Mb per chromosome, respectively.

MATERIAL

Cells of the yeast Saccharomyces cerevisiae
(Meyen ex Reese) Hansen (YAC M3 strain), spore
print of the oyster mushroom Pleurotus
ostreatus (Jacq.: Fr.) P. Kumm. (TAA 142824,
TAA 157761), Phellinus punctatus (P. Karst.)
Pilat (TAA 152336), and conidia from a pure
culture of the discomycete Trichophaea
hemisphaerioides (Mouton) Graddon (TFC 97-
71 from TAA 147708) deposited in Tartu, were
used in the study. When the total genome size
of S. cerevisieae, strain S288C, is 13.105 Mb,
then the genome size of the YAC M3 strain,
containing an artificial yeast chromosome of
0.55 Mb, is 13.665 Mb. This strain was pro-
vided by Dr. Th. Pétter (Westfalische Wilhelms-
Universitat, Institut far Strahlenbiologie), who
obtained it from Max Planck Institute for Mo-
lecular Genetics in Berlin where it had arrived
from ICRF (in London).

Polybead fluorescent microspheres (Cat#
17156, diameter 5.2 pm, SO=0.3) were used in
the serial measurement of nuclear DNA
amount. Measurement accuracy was enhanced
by adding polybead fluorescent microspheres
to the samples to be compared. In an ideal case,
they remain in the same channel and can be
used also for measurement of the size of nuclei
and cells.

EXPERIMENTAL DESIGN

At Rostock University and at Tartu University,
the flow cytometer Becton Dickinson FACSort
was employed. At Munster University, the flow
cytometer Particle Analysing System (PAS) was
employed which allowed to use both the laser
(staining with PI) and the HBO lamp (staining
with DAPI) in measurement of nuclear DNA
content. The flow cytometer has linear fluores-
cence amplification with forward-scatter (FSC)
and side-scatter (SSC) detection. Cytometers
were equipped with the software package PAS
(Partec) or CellQuest (Becton Dickinson). The
number of nuclei in cells was determined us-
ing the fluorescence microscope Olympus.

RESULTS

Five procedures were adapted (see appendix)
for quantitative evaluation of DNA content of
the intact cells, spores and conidia of fungi by



flow cytometry. Nuclear DNA content was meas-
ured in the same fungal specimens at different
laboratories using different cytometers. Nuclei
were stained in the cell or isolated chemically,
or mechanically. A different set of reagents was
used. The material was either fixed (procedures
3 and 5) or unfixed (procedures 1, 2, 4 and 6).
For dissolving cell membrane lipids, for elimi-
nating the cell cytoskeleton and nuclear pro-
teins and for digesting cellular RNA, a nonionic
detergent (procedure 3) and the enzymes
zymolyase (procedures 2, 4), trypsin (procedure
3), proteinase K (procedure 1) and pepsin (pro-
cedure 5) were used. For stabilizing nuclear
chromatin, spermine was used (procedure 5).
Fluorochromes Pl and DAPI SR101 are bound
to isolated nuclei or/and to nuclei on cells. The
fluorescence of Pl is dependent on pH and on
the ionic strength of solution. Stained samples
should be analysed with the flow cytometer
within three hours (procedure 3) or within some
days (procedure 1, 2, 4) of staining with PI. After
adding the fluorochrome DAPI SR101 (proce-
dure 5), optimum time for measurement, yield-
ing stable results, is 3510 min.

1. Staining with PI.

1.1. Application of procedure 1 (PAS equipped
with a laser, staining with PIl, Munster Univer-
sity) (Figs 1-4). Use of S. cerevisiae (Y) as stand-
ard for measurement of the DNA content of P.
ostreatus (P) and T. hemisphaerioides (T).

Measurement was performed by experimental
series (Table 1). In the first experiment with PV
and Y, two yeast cell suspensions, Y1 and Y2,
were used. Cells in Y1 were identified as be-
longing to the subpopulations G1 and G2M of
the cell cycle phase, since DNA content in the
second subpopulation is two times larger than
in the first one. Cells in Y2 are in the S-phase
of the cell cycle, since they are larger by their
DNA content and size than cells in Y1, which
are in the G1 phase of the cell cycle. The nuclei
of PV are also in the G1 phase (Fig. 13). The C-
value of PV (G1) in relation to Y1 (G1) was cal-
culated at 25 Mb.

The spore prints of two specimens of P.
ostreatus, PV and PU, were studied compara-
tively. The C-value of PU in relation to the C-
value of PV was determined as 27.9 Mb. The
genome size of PU is 10% (2.9 Mb) and the vol-
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ume 20 % larger than the respective param-
eters of PV.

In an experiment with T and Y1, the C-value
of T in relation to the C-value of the YAC M3
strain was determined at 22.2 Mb. (Fig. 4. Nu-
clei in conidia of T were predominantly in the
G1 phase of the cell cycle).

1.2. Application of procedure 2 (Becton
Dickinson FACSort, University of Tartu). (Speci-
mens are designed as in Table 1.) CV of DNA
content per spore of PV were obtained routinely
at 7%-11%.

Using linear or logarithmic signal gain the
ratio the DNA content of PV to that of Y2 1.6
remained constant when different instruments
(FACSort or PAS) and procedures (1 and 2) were
used. Procedure 2: CV of DNA content per cell
of PV was 7% and per cell of Y2, 10% (Figs 5, 6)
(compare with the results of procedure 1, Ta-
ble 1).

Spore prints of PV and P. punctatus were
studied comparatively (Figs 7, 8). Spores of P.
punctatus (M2) were mixed with the sample of
the internal standard PV (M1) before staining
(Fig. 8). The C-value of P. punctatus was identi-
fied to be 70.2 Mb.

1.3. Application of procedure 3 (Becton
Dickinson FACSort, Rostock University). DNA
analyses of P. ostreatus and T.
hemisphaerioides, prepared with the Cycle
TEST™ PLUS DNA Reagent Kit, were employed
(Figs 9, 10). This reagent was used for PV as
specified for unfixed cells. CV of DNA content
per spore of PV was 15% and CV of DNA con-
tent per intact nucleus was 14%. Majority of
spores remained whole. The ratio of the mean
fluorescence intensity of spores to that of nu-
clei was 1.4, which means that cytoplasma was
not clear. When zymolyase was added during
this procedure, shaking gently, the number of
released nuclei increased. CV of DNA content
per spore increased to 22% (Fig. 9), while the
ratio remained the same.

Gatings of nuclei were used for compara-
tive analysis of the DNA content of PV and T in
the same sample. The C-value of T was calcu-
lated as 23.3 Mb.

1.4. Application of procedure 4 (PAS equipped
with a laser, Munster University) (Figs 11-14).

When procedure 4 was applied, one-third
of nuclei were released from spores. The fluo-
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Figs 1-4. Staining with Pl using procedure 1. — 1. Flow histogram of relative fluorescence inten-
sity (FLIII) obtained from the analysis of P. ostreatus (RN1) and polybead fluorescent microspheres
(RN2) using procedure 1B. Coefficient of variation (CV) of the mean value of the fluorescence of
spores is 16%. — 2. Volume-frequency histogram of S. cerevisiae cells (Y1). Cells in cell cycle
phase G1 are represented by the first peak and cells in cell cycle phase G2M, by the second peak
(see also Table 1). - 3. DNA content-frequency histogram of S. cerevisiae, obtained using proce-
dure 1C. Before fixing the cells were stored for some days at 4°C. Most of the cells are in cell cycle
phase G1 (denoted as RN1, CV 14%). Ratio RN2/RN1=2.1. — 4. DNA content-frequency histo-
gram of T. hemisphaerioides, obtained using procedure 1A. Most of the cells are in cell cycle
phase G1 (denoted as RN1, CV 15%). Ratio RN2/RN1=2.0.

rescence intensity of spores was somewhat
higher than that of nuclei: 6.7 a.u. and 6.5 a.u.,
respectively. Mean spore size is 2.3 fold larger
than mean nuclear size (Table 2: (1)).
Different fluorescence intensities were ob-
tained when a mechanical method for release
of nuclei was used after chemical treatment
(Table 2: (2)). In the dot plot of FLIII and FSC
(Fig. 11), groups of spores, nuclei and polybead
fluorescent microspheres were separated with
gating into regions, denoted as R1, R2 and R3,
respectively, and analysed. Rinsing decreases

the fluorescence intensity of both spores and
nuclei, and increases the variability (CV) of
spore fluorescence and size. It is evident that
the relative size of damaged spores was 6.1 fold
larger than that of nuclei: 10.4 pm and 1.7 pm,
respectively (calculation of size was made in
relation to polybead fluorescent microspheres
with a diameter of 5.2 um). The size of spores
increases (up 15 a.u. to 30.7 a.u.), while that
of clean nuclei decreases (up 6.5 a.u. to 4.7
a.u.). Mean spore size for the species P. ostre-

atus was measured at 8.8 x 3.3 um (Hilber, 1982).
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Table 1. Measurement of the C-values of P. ostreatus and T. hemisphaerioides. Y - cells of S.
cerevieae YAC M3 strain, cell subpopulation Y1 in the cell cycle phase G1 was used as the
standard (C-value=13.655Mb). PV and PU - spore prints of two specimens of P. ostreatus, TAA
142824 and 157761, respectively. T — conidia from a pure culture of T. hemisphaerioides. Meas-
urements are presented as peak means on fluorescence intensity histograms (FLIII), or as region
means on tot plots (FLIII/FSC). The accuracy of measurement is expressed as the coefficient of
variation (CV) of the mean value of the fluorescence of a uniform population, e.g. CV of the DNA

content of G1 cells.

Cell subpopu- DNA- CV- Ratio of Size CV- Ratio
lation mean (Mb) DNA % DNA means mean size %  of size means
PV(G1) 25.0 +23% 1.8(PVG1/Y1G1) 104  £33%

Y1(G1) 13.655 +18% 1.6 (PVG1/Y2S) 9.3  £22% 1.1(PVG1/Y1G1)
Y1(G2M) 28.7 +22%  21(YIG2M/Y1G1) 20.6 1£24% 22(YIG2M/Y1G1)
Y2(S) 15.7 +21% 1.2 (Y2S/Y1G1) 9.9 +23% 1.1 (Y2S/Y1G1)
PV(G1) 25.0 +19% 104 +19%

PU (G1) 279 +14% 1.1(PUG1/PVG]) 121  £19% 1.2(PUG1/PVGI)
Y1(G1) 13.655 +18% 2.0 (TG1/TG2M)

T(G1) 22.2 +15% 1.6 (TG1/Y1G1)

T(G2M) 44.6 +12%

When during procedure 4, steps including
treatment with Proteinase K were introduced
after treatment with zymolyase and RNase, then
spores of Phellinus igniarius remained whole
and spore fluorescence intensity was measured
at 20.1 a.u. CV 20% instead of 20.3 a.u.
CV18%, and the spore size was measured at
13.3 a.u. CV 21% instead of 14.3 a.u. CV 24%.

2. Staining with the DNA and protein
specific fluorochrome DAPI SR101.

Application of procedure 5 (PAS equipped with
a HBO lamp, Munster University) (Figs 15-19).

S. cerevisiae (Y1) was used as the stand-
ard. The subpopulation of yeast cells in the cell
cycle phase G1 was identified, and the C-value
of PV was measured to be 24.0 Mb.

The results of the analysis of two P.
ostreatus samples (PV and PU) are presented
on Table 3 (Fig. 19). As the genome size of PV
was measured as 24 Mb, then genome size in
the first subpopulation of the spore print of PU
was 30.2 Mb and in the second subpopulation
25.3 Mb (difference 4.9 Mb, or 19%). The spores
of PV differ from one subpopulation of PU in a
smaller DNA content and from the other

Table 2. Relative fluorescence intensity and relative size of spores (sp) and nuclei (nu) of P.
osteratus (PV) stained with Pl. Measurements: (1) — after application of procedure 4; (2) - the
same sample after adding polybead fluorescent microspheres and careful rinsing of the suspen-
sion using the Pasteur pipette (Fig. 11); (3) — after more intensive rinsing.

Sub- Fluo- CV-fluo Ratio of fluo- Size CV- Ratio of
popula- rescence  -rescence % rescence means mean size %o size means
tion mean (a.u.) sp/nu sp/nu
(HPVsp 6.7 +15% 15.0 a.u +13%
(2)PVsp 4.7 +25% 10.4 um +16%
(3)PVsp 4.2 +41% 10.4 um +16%
(H)PVnu 6.5 +12% 1.0 6.5 au. +13% 2.3
(2)PVnu 5.8 +15% 0.8 1.7 um +21% 6.1
(3)PVnu 5.8 +18% 0.7 1.8 um +33% 5.7
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Table 3. Analysis of the spore prints of two P. ostreatus specimens (PV and PU), stained with
DAPI SR101. Subpopulation of spores are marked in the dot plot of DAPI SR101 as regions (R)
for analysis of their relative DNA and protein contents (Fig. 19). The distribution of these param-
eters per sample is presented in Figs 15-18.

Spore sub- DNA mean CV-DNA Ratio of Protein  CV-protein Ratio of
population (Mb.) % DNA means mean (a.u.) % protein means
PVR1 24.0 +11%  PUR2/PVRI1 1.26 28.4 +20% PUR2/PPV1 1.0
PUR3/PVR1 1.05 PUR3/PVR1 0.6
PUR2 30.2 +10% PUR2/PUR3 28.3 +15% PUR2/PUR3
PUR3 253 9% 1.2 17.9 +15% 1.6
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Figs 5-8. Staining with Pl using procedure 2. - 5. DNA content-frequency histogram of S. cerevisiae
(Y2). Cells are in cell cycle phase S (denoted as M1, CV19%). — 6. DNA content-frequency histo-
gram of S. cerevisiae (Y2) and P. ostreatus (PV). Cells of S. cerevisiae (denoted as M1, CV10%) and
spores of P. ostreatus (denoted as M2, CV 7%). — 7. DNA content-frequency histogram of Phellinus
punctatus. — 8. DNA content-frequency histogram of P. ostreatus (PV) and P. punctatus. Spores of
P. ostreatus (denoted as M1, CV 10%) and spores of P. punctatus (denoted as M2, CV 11%).
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Fig. 9. DNA content-frequency histogram of P.
ostreatus (PV), obtained using procedure 3 with
treatment with zymolyase. CV of the mean value
of the fluorescence of spores (bigger peak) is
22%.

subpopulation of PU in a smaller protein con-
tent. The subpopulation of PU differed more on
the basis of protein content (1.6 times) than on
the basis of DNA content (1.2 times).

Spores within the spore print of PU differ also
microscopically: means of spore dimensions
were 12.3 x 4.4 um and 13.9 x 5.1 um. Spores
of the first group had a thin wall and granu-
lated cytoplasma and spores of the second
group had a thick wall and homogeneous
cytoplasma.

DISCUSSION

The resolution of the DNA histogram, i.e. coef-
ficient of variation, of about 7-11% was ob-
tained routinely from the spore print of P.
ostreatus using procedures 2 (staining with PI,
Figs 6, 8) and 5 (staining with DAPI SR101,
Figs 15-19). The most important difference be-
tween procedure 2 and the other staining pro-
cedures with Pl is the long-time slow continu-
ous vertical rotation of the first. It ensures that
all cells are treated similarly and remain whole.
This method has been introduced in the study
of polyploidy in the genera Cystoderma (Saar &
Kullman, 2000) and the genera Phellinus (un-
published records).

Using PI for relative measurement of nuclear
DNA (procedures 1-4), the result did not de-
pend on the circumstance if fluorescence was
measured on spores, or on nuclei isolated from
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Fig. 10. DNA content-frequency histogram of
T. hemisphaerioides. Before using procedure 3,
conidia were fixed with Carnoy B. Most of the
cells are in cell cycle phase G1 (denoted as M1,
CV 8%). Ratio M2/M1=2.0.

spores; nor did it depend on the used fixator,
enzyme, cytometer (PAS, FACSort), measure-
ment scale (linear, logarithmic) or standard (S.
cerevisiae, P. ostreatus).

The ratio of the spore DNA content of P.
ostreatus (PV) to that of S. cerevisiae (Y2) re-
mained the same (1.6) irrespective of the use
of different fixators, enzymes, equipment and
measurement scales (procedure 1 and 2; Table
1; Fig. 6).

Using two laser flow cytometers, PAS and
Becton Dickinson FACSort, as well as different
procedures (1 and 3), comparative measure-
ments of T. hemisphaerioides were carried out
with two standard species, S. cerevisiae and P.
ostreatus, respectively. In the first case meas-
urement was performed through intact cells,
and in second case, through intact nuclei. The
results displayed good agreement: in the first
case the obtained nuclear DNA content of T.
hemisphaerioides was 22.2 Mb (Table 1); in the
second case 23.3 Mb (difference 5%).

In case of relative measurement of DNA
content in intact cells it is essential that the
cells are subjected to an absolutely equal ef-
fect throughout the procedure. Hence it is re-
quired that both the standard specimen and
the unknown specimen are kept in the same
suspension. The problem lies, however, also in
the different degree of interaction of Pl into the
strongly spiralling DNA of the spore nucleus
and in different cellular RNA digesting — both
resulting from minute variation of the proce-
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Figs 11-14. Analysis of P. ostreatus (PV) using procedure 4. — 11. Bivariate analysis of FLIII
(fluorescence intensity) and FSC (forward scatter). FLIII represents interaction of Pl with DNA.
R1 - gate of spores, R2 — gate of released nuclei and R3 - gate of fluorescent microspheres. — 12.
Size-frequency histogram. Nuclei are represented by the first peak (RN1) and spores, by the
second peak (RN2). — 13. DNA content-frequency histogram of clean nuclei which have been
gated on dot plot of FSC/SSC to exclude aggregates. Nuclei in cell cycle phase G1 are repre-
sented by the first peak (NR1). — 14. DNA content-frequency histogram of damaged spores which
have been gated on dot plot of FSC/SSC. Fluorescence intensity of clean nuclei is denoted by

RN1 as in Fig. 13.

dure. Prolonged staining (34 h) yielded a good
result (procedure 4). In an ideal case, when all
enzymes are effective, the fluorescence inten-
sity of spores is measured to be only very
slightly higher from that of nuclei (Table 2: (1)).

In case of an unfixed sample (procedure 3)
or a sample fixed with methanol or 96% etha-
nol/ice acetic acid (3:1) (procedure 2), enzymes
did not act effectively and the difference be-
tween the fluorescence intensities of spores and
the nuclei isolated from them was 1.4 - fold.
When cells remain whole with the use of the
above methods, the values of CV are low, and
nuclear DNA content can be calculated on the

basis of the peak means of the DNA content-
frequency histogram. When, however, nuclei
are released during preparation (procedure 3,
Fig. 9), the CV value of peak mean is high (22%)
and the results will prove inaccurate. In the
latter case gate mean should be used. When
calculating the relative values of specimen pairs
either on the basis of nuclear gates or spore
gates, respectively, the obtained results are the
same. At the same time, application of FSC as
the other parameter allows to study the rela-
tionship between nuclear and spore sizes and
their DNA content. Parameter FSC described
spore length relatively well. Measurement of P.
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Figs 15-19. Bi-parametric analysis two specimens of P. ostreatus PV and PU stained with DAPI
SR101 using procedure 5 (see Table 3). — 15. Univariate DNA content-frequency histogram of PV.
— 16. Univariate protein content-frequency histogram of PV. — 17. Univariate DNA content-fre-
quency histogram of PU. — 18. Univariate protein content-frequency histogram of PU. Two sub-
populations of spores are denoted as RN2 and RN3 corresponding to gates R3 and R2 respec-
tively on Fig. 19. — 19. Two-dimensional presentation of measurement of nuclear DNA and pro-
tein of PV and PU. Unimodal spore print of PV (denoted as R1) and bimodal spore print of PU
(denoted as R2 and R3 of the simultaneous analysis).
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ostreatus (PU) spores by using the microscope,
or in relation to fluorescent microspheres with
a diameter of 5.2 um by using the cytometer
yielded similar results: 12.3-13.9 pm and 12.1,
respectively.

For spores of basidiomycetes, fixation in
ascending gradation (70% ethanol, Carnoy A,
absolute ethanol, followed by gradual reduc-
tion of concentration) proved the most suitable.
When the enzyme zymolyase was used after
this, nuclei were released from spores. Meas-
urement of chemically isolated nuclei is more
reliable compared with that of mechanically
isolated nuclei. Rinsing or vortexing after treat-
ment with enzymes causes damage to spores
and released nuclei, whose extent is difficult to
predict (procedure 4; Table 2; Figs 11-14).

Using DAPI SR101 for relative measurement
of nuclear DNA (procedures 5). Flow
cytometric studies with fungal spores show
improved resolution when the fluorochrome
DAPI SR101 was used instead of Pl. DAPI
SR101 allows bi-parametric analysis of nuclear
DNA and protein. Two subpopulations in the
one spore print of P. ostreatus (PU), whose DNA
content differs by 4.9 Mb (19%) (denoted in Fig.
19 as R2 and R3; Table 3), were not detected
when only PI staining (Table 1) or DAPI stain-
ing (Fig. 18) was used. In meiosis, chromosomes
of P. ostreatus with chromosome length poly-
morphism (CPL) (Larraya et al., 1999) may di-
vide unequally, which will result in the appear-
ance of aneuploidy and intraspecific variabil-
ity. Staining with DAPI SR101 is essential in
the study of aneuploidy and especially in the
study of the fate of different genomes within a
strain, which possess CLPs. Diversity of the
nuclear DNA content of the spore print will re-
flect the fate of CLP during meiosis. This pre-
cise method can prove highly promising in the
analysis of DNA in the fundamental and ap-
plied cytogenetic research of the fungal cell. The
advantages of the procedure are also its sim-
plicity and rapidity (no need for fixing, few steps,
only one enzyme). Staining with Pl involves
more steps and enzymes.

It is evident that measurements by experi-
mental series, performed with the use of the
same technique and the same fluorochrome,
can be valued highly in estimation of slight dif-
ferences between aneuploids (Tables 1 and 3).
Two parallel cytometric experiments, lamp
cytometry (staining with DAPI SR101) and la-

ser flow cytometry (staining with PI) are used
as alternative methods for measurement of
nuclear DNA content. The results of measure-
ment obtained with laser cytometry were by 4%
larger than those obtained with lamp cytometry.
The nuclear DNA content of P. ostreatus, ob-
tained through the standard species S.
cerevisiae (13.655 Mb), was 25.0 Mb in the first
case and 24.0 Mb in the second case (proce-
dures 1 and 5). These values fall within the
range of those published by Sagawa and Nagata
(1992) 20.8 Mb, by Wittmann-Meixner (1989)
29.4 Mb and by Peberdy et al. (1993) 31.3 Mb.

The following three species were studied as
standard candidates: S. cerevisiae, P. ostreatus
and T. hemisphaerioides.

Uninucleate cells of S. cerevisiae, spores P.
ostreatus and conidia of T. hemisphaerioides
in the G1 phase of the cell cycle correspond to
unreplicated haploid genome size (1C-value).
DNA content per spore, calculated as having
the 1C-value, can be used as the primary stand-
ard in estimation of fungal genome size (Figs
1, 3, 4, 10, 13).

Since the suspension of S. cerevisiae con-
tains dividing cells, there may arise problems
related to the obtaining the cells of the G1 phase
of the cell cycle (Figs 2, 3, 5). In the spore print
of P. ostreatus, division of nuclei stops in the
G1 phase of the cell cycle (Fig. 13). In view of
this, spores of P. ostreatus serve as a better
standard than cells of S. cerevisiae (Figs 1, 8,
16). Besides, spores of P. ostreatus have no
autofluorescence (their autofluorescence is not
measurable by flow cytometry). However, not
all spore prints of P. ostreatus can be employed
as a standard due to intraspecific variability of
genome size. The DNA content of the two speci-
mens PV and PU may differ as much as 2.9 Mb
(10%) measured with Pl (Table 1). The spore
print of PU includes two different groups whose
DNA contents are different when measured with
DAPI SR101 (Table 3, Figs 15-19). The genome
size of P. ostreatus appears to be somewhat la-
bile. For a standard, suitable is the specimen
PV but not the specimen PU. Both species, S.
cerevisiae and P. ostreatus, display chromo-
some length polymorphism (Larraya et al.,
1999; Rustchenko et al., 1993) which makes
them unsuitable as standard species. Only the
spore print of a tested specimen can be used
as a standard.



Conidia of T. hemisphaerioides are the most
suitable standard in DNA measurement: veg-
etative reproduction serves as a guarantee of
uniform DNA contet; the wall of conidia is thin
and easily permeable by enzymes.

T. hemisphaerioides as well as 566 other
ascomycetes were studied by Weber (1992) for
establishment of their relative DNA content and
ploidy levels. When the absolute DNA content
of T. hemisphaerioides, obtained in the present
study, is 23.3 Mb and the mean value of the
same species, as measured in arbitrary units
by Weber, is 54.4, then 1 a.u.=0.43 Mb. In this
case it is possible to calculate the absolute val-
ues of all species studied by Weber (1992). Then
the range of the value of the nuclear DNA con-
tent for ascomycetes is from 8.1 Mb for Rhizina
undulata to 411-421 Mb for Neotiella rutilans.
Majority of genome sizes reported earlier for
other fungi fall in this range (Duran & Gray,
1989; Wittman-Meixner, 1989; Zolan, 1995;
Kuldau et al., 1999).

As an alternative to chromosome number,
and/or in addition to it, genome size (along with
classical morphological criteria) should help the
taxonomist distinguish more critically between
morphologically similar taxa, especially in cases
when the amount of nuclear DNA can be shown
to be significantly different. Such information
would prove highly useful in taxonomic stud-
ies of fungi, particularly in case of fungi with a
dearth of definitive characteristics (Duran &
Gray, 1989).

Flow cytometry is a useful method for meas-
urement of genome size in intact cells — uninu-
clear spores and conidia. It is also a conven-
ient tool in the measurement of relative spore
dimensions and in the study of relationship
between of spore/nuclear size and DNA con-
tent. Flow cytometric analysis of spores should
prove powerful in determination of the DNA
content of a large number of similar specimens,
collected from different ecotypes and geographic
areas, with the aim to study intraspecific vari-
ability and speciation.

The present study provided evidence that
quantitative flow cytometry is an adequate
method for characterisation of fungal species.
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APPENDIX
Solutions

Concentrated stock solutions of RNAse (10 mg/ml;
Fluka), zymolyase (50 mg/ml; Seikagaku) and pro-
teinase K (200 mg/ml; Sigma Chemical Co.) were
prepared and stored at — 20°C. Concentrated stock
solutions of Propidium iodide (1 mg/ml; Sigma
Chemical Co); solution of Pepsin 0.5% pH 1.8;
Zymolyase buffer: 218.6 mg D-Sorbitol (Sigma
Chemical Co), 40 ml EDTA 0.5M, 10 ml 7.5 pH Tris
1M were prepared and stored at 4°C. Fixations: 96%
ethanol/ice acetic acid (3:1) (Coleman et al., 1981);
Carnoy A: absolute ethanol/chloroform/ice acetic
acid (6:3:1); Carnoy B: ethanol/chloroform/ ice ace-
tic acid (6:3:1) (Romeis, 1968) were prepared.

Staining Protocols

Procedure 1. The procedures for staining yeast nu-
clei with Pl used in laboratory at Munster Univer-
sity (Westfahlische Wilhelms-Universitat, Institut fur
Strahlenbiologie) were modified (Table 1; Figs 1-4).

Procedure 1A (used for the pure culture of T.
hemisphaerioides).

1. Collect mycelia from a liquid culture medium and
fix in Carnoy B at 4°C until used.
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2. To release conidia from hyphae, transfer a small
piece of the cultured mycelium in a 1.5 ml Eppendorf
tube and wash with sterile water shaking gently. Fil-
ter the suspension of released conidia through a 50
pum nylon mesh to remove hyphae. Centrifuge for 2.5
min at 3200 rpm and discard the supernatant.
Resuspend conidia in 400 pl of 70% ethanol and
store at 4°C until required.

3. Add sterile water little by little, vortexing inter-
mittently to make sure it is homogeneous.

4. Centrifuge for 10 min at 9000 rpm and remove
the supernatant (leave 50 pm suspension on the
bottom of the tube).

5. Wash conidia twice with sterile water.

6. Add 400 pl sterile water and 63 pl of RNAse stock
and mix to fully resuspend conidia. Incubate for 1 h
at 50°C shaking slowly on a water bath.

7. Add 500 pul of PBS pH 7.4 and 5 pl of proteinase K
stock and incubate 1 h at 50°C shaking slowly on a
water bath.

8. Filter through 50 pm nylon mesh.

9. Cool down on ice and add 10 pl Pl stock. The probe
can be used after 15 min.
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Procedure 1B (used for the spore print of P.
ostreatus).

1. Fix the spore print in Carnoy A for 80 min on a
shaker at room temperature.

2. Centrifuge for 10 min at 3200 rpm. Resuspend
spores in absolute ethanol for 15 min on a shaker at
room temperature. The probe can be stored at 4°C
until required.

3. The same steps as in procedure 1A, 3-7.

Procedure 1C (used for the cell culture of S.
cerevisiae).

1. Add 500 pl Carnoy B to 2 ml liquid cell culture.
2. Remove oil from the bottom of the Eppendorf tube
with a syringe.

3. Centrifuge for 15 min at 3200 rpm. Resuspend
spores in 1 ml 70% ethanol by vortexing.

4. Centrifuge for 15 min at 3200 rpm. Resuspend
spores in 200 ml 70% ethanol.

5. The same steps as in procedure 1A, 3-7.

Procedure 2 (used for staining nuclei in spore print
and cell suspension) (Figs 5-8).

1. Fix the spores of the unknown and the reference
species (P. ostreatus) in 95% ethanol/ice acetic acid
(3:1) for 24 h on a slow rotator mixer at room tem-
perature.

2. Add deionized water little by little in the amounts
of 40 pul, 40 pl, 200 pl, 200 pl, and 200 pl, vortexing
intermittently to make sure the solution is homoge-
neous.

3. Centrifuge for 5 min at 10000 rpm and remove
the supernatant.

4. Wash the spores with Zymolyase buffer on a slow
rotator mixer at room temperature for 15 min.

5. Centrifuge for 5 min at 10000 rpm and remove
the supernatant.

6. Add 200 pl Zymolyase buffer and 18 pl Zymolyase
stock and incubate at 37°C in a thermostat on a slow
vertical rotator mixer for 24 h.

7. Add 100 pl PBS and 8 pl RNAse stock and mix
gently to fully resuspend spores and incubate at 37°C
in a thermostat on a slow vertical rotator mixer for
24 h.

8. Add PBS to 1 ml.

9. Incubate on ice and add 15pl Pl stock for at least
15 min.

10. Filter through 85 pum nylon mesh before use.

Procedure 3 (used for staining of the dried spore
print of P. ostreatus and conidia of T.
hemisphaerioides fixed in Carnoy A) (Figs 9, 10).

A slightly modified method, Cycle TEST ™ Plus DNA
Reagent KIT (Cat. No. 340242), is used in which a

set of reagents is required to isolate and stain cell
nuclei from cell suspensions. The method involves
the dissolving of cell membrane lipids with a nonionic
detergent, eliminating the cell cytoskeleton and nu-
clear proteins with trypsin, digesting cellular RNA
with enzyme, and stabilizing nuclear chromatin with
spermine. The fluorochrome Pl is bound to clean,
isolated nuclei or to nuclei on cells.

Conidia are collected from a fixed culture as de-
scribed in procedure 1, steps 1-5. 22.5 pl of
Zymolyase stock is added or not added to trypsin
buffer. All further steps are carried out as described
in staining procedure with the Reagent KIT.

Procedure 4 (used for the spore print of P. ostreatus)
(Table 2; Figs 11-14).

1. Fix the spore print first in 70% ethanol and store
for some days, then fix it in Carnoy B for 80 min on
a shaker at room temperature.

2. Centrifuge for 10 min at 3200 rpm and discard
the supernatant. Resuspend spores in absolute etha-
nol for 15 min on a shaker at room temperature.

3. Add sterile water little by little, vortexing inter-
mittently to make sure the solution is homogene-
ous.

4. Centrifuge for 10 min at 9000 rpm and remove
the supernatant.

5. Wash spores twice with sterile water.

6. Resuspend spores with 200 pl Zymolyase buffer
and add 18 pl Zymolyase stock and incubate at 37°C
in a thermostat for16 h.

7. Add 10 um of RNAse stock and mix to fully
resuspend spores. Incubate for 24 h at 37°C in a
thermostat.

8. Add 1 ml of phosphate buffer saline (PBS), 0.1M
pH 7.0 and 20 um PI stock. Store at 4°C for 34 h.
9. Filter through 50 pm nylon mesh before use.

Procedure 5 (DAPI in combination with the SR pro-
tein fluorochrome Sr 101 used for bivariate DNA and
protein analysis) (Table 3; Figs 15-19).

For preparation and staining of fungal material, a
slightly modified method is used (Ulrich & Ulrich,
1991; procedure used at the laboratory at Munster
University/ Westfalische Wilhelms-Universitat,
Institut fur Strahlenbiologie). 1 ml 0.5% Pepsin pH
1.8 is added to spore print by briefly vortexing and
incubated for 3 min at room temperature. Then 3-5-
fold volume of DAPI SR101 (Partec GmbH, Munster,
Federal Republic of Germany) is added, and the sam-
ple is incubated for 20 min by vortexing intermittenly
two times. Before use spores are filtered through a
50 pm nylon.
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Abstract: This paper deals with the species diversity, distribution and ecology of the order Pezizales (including the Tuberales)
in Lithuania. In total, 158 species and 5 varieties have been recorded in Lithuania, most of them are saprotrophs on soil,
forest litter, wood, dung, and burned material. Serious damages to pine plantations in Lithuania caused by Rbizina undulata
were strongly reduced by the appropriate forest management. 8 pezizalean species are included into The Red Data Book of
Lithuania (1992), 13 species have been proposed for a new edition of it.

Kokkuvéte: E. Kutorga. Liudikulaadsete seente (Pezizales, Ascomycota) mitmekesisus ja levik Leedus.

Artiklis kisitletakse Leedu liudikulaadsete liigilist mitmekesisust, levikut ja 6koloogiat. Leedust on kokku leitud 158 liiki ja 5
varieteeti liudikulaadseid. Enamus neist on saproobid pinnasel, metsavarel, puidul, sénnikul ja pélenud materialil. Rhizina
undulata poolt tekitatud tésiseid kahjustusi méinnikultuuridele Leedumaal on tugevasti vihendatud Gige metsa hooldamisega.

8 liudikulaadset on kantud Leedu Punasesse raamatusse (1992), 13 liiki on esitatud selle uude viljaandesse.

INTRODUCTION

The historical survey on investigations of
Lithuanian discomycetes revealed that up to
1988 totally 69 pezizalean species were regis-
tered in the country (Kutorga, 1990). A number
of papers concerning the distribution and ecol-
ogy of operculate discomycetes have been pub-
lished since that time (Kutorga, 1989a, b;
1991a; Prokhorov, Kutorga, 1991; Kutorga,
Vishnjauskas, 1991). E. Kutorga (1991b) in the
doctoral thesis listed 306 species of
discomycetes for Lithuania, and 116 species
of the order Pezizales among them. Subse-
guent investigations (Kutorga, 1992, 1993,
1994a, b, 19964, b, 1997, 1999) added more
knowledge about these fungi in the country.

The aim of this paper was to list all known
Lithuanian species of the order Pezizales and
provide a review of their distribution, ecology,
significance, and conservation.

MATERIAL AND METHODS

This study is based on the examination of ca.
1250 specimens of pezizalean fungi, mainly
collected by the author from various districts

of Lithuania in 1987-1999. Part of examined
material (ca. 350 specimens) was collected by
other persons (ca. 40), mainly by J. Mazelaitis,
K. Raulinaitis, V. Urbonas, and L. Sveistyte.
While doing the field work during various sea-
sons of a year different habitats and substrates
were searched for this group of discomycetes.
Part of coprophilous fungi were recorded on
animal dung which has been transferred to the
laboratory and kept in damp conditions at room
temperature. Hand made sections with razor
blade or squashed material mounted in water,
2-5 % KOH, Melzer's Reagent, and solution of
methyl blue in lactic acid (Cotton Blue) were
examined microscopically. All material is de-
posited at the Institute of Botany, Vilnius
(BILAS), Vilnius University (WI), and Moscow
State University (MW). In the latter Herbarium
the specimens of coprophilous discomycetes
grown in moist chambers and identified by V.
Prokhorov (Moscow) are preserved. Reliable lit-
erature data on the records of Lithuanian
Pezizales was also taken into consideration
during the compilation of the list of species.
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RESULTS AND DISCUSSION

Diversity. In total, 158 species and 5 varie-
ties from 52 genera and 9 families of the or-
der Pezizales have been recorded in Lithua-
nia (Table 1). During several previous years
the number of registered species in Lithua-
nia increased from 1 to 3 per year, e.g. 2 spe-
cies, Miladina lechithina and Scutellinia minutella,
were found for the first time in Lithuania in
1999. Comparing the numbers of species re-
corded in other countries of Europe (Ukraine:
137 species (Smitskaya, 1980); Estonia: 172
species (Jarva, Parmasto, 1980; Jarva et al.,
1998); dstfold county in Norway: 185 species
(Kristiansen, 1983); Denmark: 221 species
(Dissing, 1982), former Czechoslovakia: 360
species (Svrcek, 1981), it is possible to note,
that on the one hand, the current knowledge
about species diversity in Lithuania consider-
ably represents the nature diversity and size of
the country. On the other hand, there is a real
possibility to expand the species list for addi-
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tional 50-100 species in the future. Further
investigations of the species of underinvesti-
gated genera, e.g. Lamprospora, Octospora,
Otidea, Scutellinia, Sowerbyella etc., and of
hypogeous, coprophilous and bryophilous spe-
cies will add more data for better understand-
ing of the diversity and distribution of the
Pezizales in Lithuania.

Distribution, frequency. The number of re-
corded species is different in various adminis-
trative districts of Lithuania (Fig. 1) and almost
directly depends on the extent of carried inves-
tigations and collected specimens. More than
a half of all identified species were recorded in
Vilnius district (82 species), one third - in
Varena district (52).

The species represent 6 frequency groups
based on the number of known localities:
1. Common species (30 and more localities):
10 species — Gyromitra esculenta (over 50 lo-
calities), Scutellinia scutellata (50), Rhizina
undulata (40), Sarcoscypha austriaca (35),

EYELOEUSELA

Fig. 1. The distribution of known species of the order Pezizales across administrative districts

of Lithuania.



Helvella crispa (35), H. macropus (35), H. elas-
tica (30), H. lacunosa (30), Gyromitra infula (30),
and Humaria hemisphaerica (30).

2. Rather common species (20-29 localities): 9
species.

3. Rather rare species (10-19 localities): 15
species.

4. Rare species (5-9 localities): 35 species.

5. Very rare species (1-4 localities): 85 species,
5 varieties. Some of these species are really very
rare in Lithuania, e.g. Caloscypha fulgens,
Helvella corium, H. pezizoides, H. cupuliformis,
Hydnotrya tulasnei, Leucoscypha erminea,
Morchella hortensis, M. esculenta var. crassipes,
Peziza ammophila, P. ampelina, P. celtica, P.
succosa, Rhodotarzetta rosea, Tarzetta catinus,
T. gaillardiana, and Verpa conica. Other spe-
cies due to their small fruit-bodies and very
short period of fructification are hardly located
and, therefore, undercollected.

6. Species not recorded for a long period (1-5
localities before 1960 and not found after-
wards): 4 species — Tuber exiguum and T. rufum
(last time recorded in 1904), Microstoma
protracta (in 1957), and Sarcosoma globosum
(in 1960).

Habitats. Approximately a half of Lithuania’s
territory is occupied by arable land, lakes and
rivers, buildings, or asphalt roads and is prac-
tically unsuitable for the development of
pezizalean fungi. The majority of species de-
velop in various types of woods (forest land area
comprise 30.3% of Lithuania), large parks, in
shrubby places, on forest paths and grounds,
wood-cutting area, and forest quarter lines. In
mixed forests the diversity of the Pezizales is
bigger than in pure standings of coniferous or
deciduous forests. Some species prefer a par-
ticular type of forest, e.g. Pseudoplectania
nigrella was found only in spruce (Picea abies)
standings, Gyromitra esculenta, G. perlata,
Rhizina undulata, and Desmazierella acicola
prefer pine (Pinus sylvestris) standings, Verpa
bohemica was mainly associated with aspen
(Populus tremula) trees.

Some species prefer wet banks of rivers and
lakes, especially this is characteristic to sev-
eral species of the genus Scutellinia. Such spe-
cies as Pachyella babingtonii and Miladina
lechithina were found on soaked wood and bark
along the surface of the water or submerged
into the water.
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Peziza ammophila occurs only in the sand
of coastal dunes between Ammophila arenaria
and Festuca arenaria. Most species of the gen-
era Neottiella and Octospora are associated with
particular mosses. Pyrophilous species inhabit
fireplaces in forests, banks of rivers and lakes,
gardens and waste grounds. Coprophilous spe-
cies which colonise the dung of wild animals
were found mainly in forests, while those on
the dung of domestic animals occur in pastures,
farms, and meadows. Some species were found
in the gardens, e.g. Morchella hortensis,
Disciotis venosa, Scutellinia scutellata, and
Cheilymenia vitellina. Peziza cerea, P.
ostracoderma and P. varia were collected in
greenhouses, plant pots, and mushroom beds.

Ecological groups, substrates. 3 ecological
groups based on nutritional relations of the
recorded species are recognized: saprotrophs,
symbiotrophs and biotrophs.

I. Saprotrophs (saprobes). This group may be
subdivided into such subgroups:

1. Soil and humus saprotrophs. Out of 90 spe-
cies attributed to this group 54 species were
found only on soil and decayed forest litter, and
36 species also inhabited other substrates.

2. Xylosaprotrophs. Out of 30 species only 8
species (Ascobolus denudatus, A. lignatilis,
Microstoma protracta, Miladina lechithina,
Pachyella babingtonii, Peziza micropus,
Sarcoscypha austriaca, and S. coccinea) were
recorded exclusively on dead wood and bark,
and 22 species also inhabited other substrates.
3. Leaf and needle saprotrophs. Out of 6 spe-
cies collected on dead leaves and needles only
Desmazierella acicola is true pine needle inhab-
itant.

4. Pyrophilous fungi (post-fire or phoenicoid
fungi). On burnt ground and charred plant rem-
nants 18 species were identified, 12 of them
grew only in bonfire places and in sites after
the fire: Anthracobia maurilabra, A. melaloma,
Ascobolus carbonarius, Geopyxis carbonaria,
Peziza echinospora, P. tenacella, Plicaria
endocarpoides, Pulvinula carbonaria, Pyronema
omphalodes, Rhodotarzetta rosea,
Sphaerosporella brunnea, and Trichophaea
hemisphaerioides.

5. Coprophilous fungi. 43 species were recorded
on the dung of wild animals (elks (Alces alces),
red deer (Cervus elaphus), roe deer (Capreolus
capreolus), wild boars (Sus scrofa), hares (Lepus
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spp.), etc.) and domestic animals (cows and
horses), of these 40 species were found only on
excrements. Ascobolus furfuraceus, A.
sacchariferus, A. stercorarius, Cheilymenia
granulata, C. stercorea, Lasiobolus ciliatus,
Peziza fimeti, Saccobolus depauperatus, and
Thelebolus microsporus are the most common
coprophilous species in Lithuania.

6. Saprotrophs on anthropogenic substrates.
lodophanus carneus was collected on decaying
rags, fabric sacs, and paper, Peziza cerea — on
rotting shoe leather, textile fabrics, and card-
board, Pyronema domesticum - on wet plaster
wall.

Il. Symbiotrophs. It is supposed, that
hypogeous Choiromyces venosus, Hydnotrya
tulasnei, Tuber exiguum, and T. rufum form
ectomycorrhizas with trees and shrubs.

111. Biotrophs (parasites). Rhizina undulata (also
found on needle litter and in post-fire sites)
attack roots of pines and cause wilt of trees.
Species of the genera Neottiella and Octospora
are biotrophs on mosses.

Phenology. Under natural conditions in
Lithuania the fungi of the Pezizales form fruit-
bodies from (February) March till November
(December), they exhibit greatest species diver-
sity in July, August, and September. Accord-
ing to the fruiting time 4 main phenological
groups were distinguished:

1. Spring species (appear from March till mid
June). Ca. 25 species.

2. Summer-autumn species (appear from June
till October). Ca. 50 species.

3. Autumn species (start in August, most ac-
tive in September, disappear in October-No-
vember). Ca. 50 species.

4. Spring-summer-autumn species (start in
April-May, disappear in September-November).
Ca. 20 species.

Significance. Most species are saprotrophs
and play an important role in the decomposi-
tion of organic material and soil formation.
Morels, truffles, even species of the
Sarcoscypha, are suitable for food. Several spe-
cies of the genera Gyromitra and Helvella are
poisonous, however, Gyromitra esculenta is still
sold in local markets for food, despite warn-
ings of possible poisonings. Other species of
the Pezizales have small and not tasty fruit-

bodies and, therefore, are not suitable for hu-
man consuming.

Fungus Rhizina undulata under suitable
conditions is functioning as a pathogen and
has caused serious damage to Lithuanian for-
estry, especially in the areas where slash burn-
ing has been performed. In the Curonian Spit
serious attacks of R. undulata on the planta-
tions of Swiss mountain pine (Pinus mugo) were
observed since 1979 (Vasiliauskas, 1998). The
area of dead and nearly wilt trees in 1979 com-
prised 3.4 ha, in 1983 - 12 ha ( 277 plots of
infection). The appropriate forest management
(localisation of slash burning and trenching)
and some other unknown reasons (biology of
fungus, climate conditions) have strongly re-
duced the area of infection (at least 11 plots of
infection were observed in 1997).

Conservation. Some operculate discomycetes
are rare and threatened in Lithuania. Special
attention was paid to species with large fruit-
bodies. 8 species of the Pezizales were listed in
the current Red Data Book of Lithuania
(Balevicius et al., 1992): 1 category (endangered
species) — Choiromyces venosus, Peziza
ammophila, and Sarcosoma globosum; 2 cat-
egory (vulnerable species) — Morchella conica; 3
category (rare species) — Gyromitra perlata,
Morchella elata, Verpa bohemica, and Verpa
conica. Gathering of fruit-bodies and destruc-
tion of habitats of these species is strictly pro-
hibited by the law.

The inclusion of species into the Book and
grouping into categories of threat have been
performed on the basis of species frequency and
partly by subjective judgment. The situation,
when upon the urgent request of conservation-
ists to select a limited number of species with-
out detailed studies is still continuing. 13
pezizalean species were proposed in 1999 to
be included into the forthcoming edition of the
Red Data Book of Lithuania: Caloscypha
fulgens, Choiromyces venosus, Hydnotrya
tulasnei, Microstoma protracta, Morchella conica,
M. elata, M. semilibera, Otidea onotica, Peziza
ammophila, Sarcosoma globosum, Urnula
craterium, Verpa bohemica, and V. conica. The
knowledge about distribution, biology and ecol-
ogy of threatened fungi of the Pezizales in
Lithuania is still insufficient and pending fur-
ther investigations.
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Table 1. Habitats, ecological groups, fruiting time and number of known localities of species of
the order Pezizales in Lithuania

Abbreviations. Habitats: B, buildings and their surroundings; C, cemetery; CF, coniferous for-
ests; D, dunes; DD, data deficient; DF, deciduous forests; F, bonfire places, sites after the fire;
FPG, forest paths and grounds; G, gardens; GH, greenhouses, mushroom beds, plant pots and
flower gardens; MF, mixed forests; MP, meadows, pastures; P, parks; RP, ruderal places, gravel-
sand-pits; RVD, road verges, ditches; S, shrubs; W, woods, forests; WCA, wood-cutting area,
forest quarter lines; WB, water, banks of rivers and lakes.

Ecological groups: AST, saprotrophs on anthropogenic substrates (textile fabrics, paper, card-
board, leather, plaster etc.); BPH, bryophils; BT, biotrophs; CPH, coprophilous fungi; HST,
herbosaprotrophs; MST, mycosaprotrophs; NLST, needle and leaf saprotrophs; PPH, pyrophils,
post-fire fungi; SBT, symbiotrophs; SHST, soil and humus saprotrophs; XST, xylosaprotrophs.
Fruiting time (months): Ill, March; 1V, April; V, May; VI, June; VII, July; VIII, August; IX, Septem-
ber; X, October; XI, November; XlI, December; CULT, fungi cultivated in laboratory.

Taxa Habitats Ecological Fruiting No. of
groups time localities
Ascobolaceae
Ascobolus albidnus P. Crouan & H. Crouan DD CPH CULT 1
A. carbonarius P. Karst. CE E P, S, WCA PPH VI-X 9
A. denndatus Fr. CF XST VIII 1
A. epimyces (Cooke) Seaver CF CPH?, XST X 1
A. folizcola Berk. & Broome DFE, MF NLST, SHST VII-IX 3
A. furfuracens Pers.: Fr. CEF, DE, MP, P, § CPH VI-X ~20
A. immersus Pers.: Fr. DD CPH CULT 3
A. lignatilis Alb. & Schwein.: Fr. MF XST IX 1
A. roseopurpurascens Rehm D CPH CULT 1
A. sacchariferus Brumm. CF, DF CPH V-X 9
A. stercorarius (Bull. ex St. Amans) J. Schrét. CEF, MF CPH IV-X 11
A. stictoidens Speg, DD CPH CULT 1
A. viridis Curt. DF SHST VIII 1
Saccobolus citrinus Boud. & Torrend DD CPH CULT 1
S. depauperatus (Berk. & Broome) E. C. Hansen CEF, MF CPH IV-VIL, CULT 10
S. glaber (Pers.: Fr.) Lambotte DD CPH CULT 2
S. mininns Velen. W CPH VIII, CULT 3
S. obscurus (Cooke) W. Phillips DD CPH CULT 1
S. truncatus Velen. DD CPH CULT 1
8. verrucisporns Brumm. CF CPH CULT 1
S. versicolor (P. Karst.) P. Karst. CF CPH 1V, CULT 2
Thecotheus holmskjoldii (E.C. Hansen) Chenant. DD CPH CULT 1
T. pelletieri (P. Crouan & H. Crouan) Boud. DD CPH CULT 2
Helvellaceae
Choiromyces venosus (Fr.) Th. Fr. CEF, DF SBT?, SHST VII-X 7
Gyromitra esculenta (Pers.: Fr.) Fr. CF, DF, FPG, MF, P, RVD, SHST, XST IV-VI >50
WCA
G. gigas (Krombh.) Cooke CE, MF, P, RVD SHST, XST IV-v ~15
G. infula (Schaeff.: Fr.) Quél. CF, DF, F, GH, MF, P, RVD PPH, SHST, XST VIII-XI >30
G. perlata (Fr.) Harmaja CE FPG, P, WCA SHST, XST IV-v ~20
Helvella acetabulum (L.: Fr.) Quél. CFE, DE, FPG, P, RVD SHST V-VI 10
H. albella Quél. CF, DF, FPG, KP SHST VII-X 3
H. chinensis (Velen.) Nannf. & L. Holm C, CF, DF, FPG, RVD SHST VII-X 4
H. corinm (O. Webetb.) Massee FPG, RP, § SHST VI-IX 2
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Table 1 (continued)

Taxa Habitats Ecological Fruiting No. of
groups time localities
H. ¢rispa (Scop.: Fr.) Fr. CE D, DE FPG, MP, P, RVD,S SHST VII-IX(X) 35
H. cupuliformis Dissing & Nannf. CF SHST v 1
H. elastica Bull.: Fr. C, CE DE F, FPG, MEF, P, SHST VII-X 30
RVD, WB
H. ephippium 1év. DF, ME, P SHST VII-IX 4
H. lacunosa Afzel.: Fr. CE DE F P, RVD, S NLST, SHST, XST (V) VII-X ~30
H. lencomelaena (Pers.) Nannf. C, CF, FPG, MF, RVD SHST V-VI 3
H. macropus (Pers.: Fr.) P. Karst. CF, DF, F, MF, WB NLST, SHST, XST VII-IX 35
H. nigricans Pers. CF, DF, FPG, MF, P SHST VII-IX ~6
H. pezizoides Afzel. DE FPG SHST IX 1
H. solitaria P. Karst. P, RVD, S, W SHST VI
Hydnotrya tulasnei (Berk. & Broome) Berk. & Broome CF, RVD SBT?, SHST VII 1
Rhizina undulata Fr.: Fr. CE F, WCA BT, PPH, SHST VII-X ~40
Morchellaceae
Disciotis venosa (Pets.: Fr.) Arnould CF, DF, G, P, RVD, WB SHST Y 9
Morchella conica Pers. CF, DE, F, G, P, RVD SHST V-V 15
M. elata Fr.: Fr. CF, DE, E P SHST v-v 9
M. esculenta (L.) Pers.: Fr. var. esculenta CE F, G, ME, P, RVD, § SHST IV-VI ~20
M. esculenta var. crassipes (Vent.: Fr.) Kreisel DE MFE, P SHST \Y 2
M. esculenta vat. rotunda Pers. S, W SHST Y 1
M. esculenta var. umbrina (Boud.) S. Imai P, W SHST \Y 1
M. esculenta var. vulgaris Pers. S, W SHST \Y 2
M. hortensis Boud. G SHST \% 1
M. semilibera DC.: Fr. DF P, S SHST IV-V(VI) 9
Verpa bobemica (IKrombh.) J. Schrot. CE, DF, ME, P, WCA SHST V-V 12
V. coniea (O. F. Mill.) Sw.: Fr. G, MP, §, W SHST V-V 4
Pezizaceae
Todophanus carnens (Pers.: Fr.) Korf DE RP AST, CPH VIII-X 6
Pachyella babingtonii (Berk. & Broome) Boud. CEF, WB XST VII-IX 2
Peziza ammophila Dutieu & Mont. D SHST IX-X 2
P. ampelina Quél. DE P SHST VI 1
P. ampliata Pers.: Fr. DEF, FPG, MF, RVD, WCA  SHST, XST V-XI 9
P. arvernensis Boud. CF, DE, WCA SHST, XST VII-VIII 4
P. badia Pers.: Fr. CF, DF, FPG, MF, RP, RVD, SHST VII-X 25
WCA
P. badiofusca (Boud.) Dennis DF SHST X 1
P. celtica Boud.) M. M. Moser CF, F, FPG, MF, P PPH?, SHST VII 3
P. cerea Bull.: Fr. B, GH, WB AST, HST, IV-IX 9
SHST, XST
P. echinospora P. Karst. E P, RP, W, WCA PPH V-X 22
P. fimeti (Fuckel) Seaver CF CPH IV-IX, CULT 7
P. gerardii Cooke DE P SHST VII 1
P. howsei Roze & Boud. DF SHST VI 1
P. lividula W. Phillips P W SHST X 2
P. micropus Pets.: Fr. DE, MF, P, RP XST V-X 9
P. ostracoderma Korf GH SHST, XST X 3
P. phyllogena Cooke DF, FPG, MF, P, RVD SHST VI-VIII 8
P. repanda Pers. B, CE, DF, G, MF, P, RVD, S SHST V-IX 9
P. succosa Berk. CE, DE, P SHST VII-IX 4
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Taxa Habitats Ecological Fruiting No. of
groups time localities
P. succosella (Le Gal & Romagn.) M. M. Moser DF SHST VIII 1
P. tenacella \¥. Phillips E P, RP, W, WB PPH IV-X 24
P. varia (Hedw.: Fr.) Fr. B, G, GH, RP HST, SHST, XSTIV-X 6
P. vesiculosa Bull.: Fr. GH, MP, RVD CPH, HST VI-VIII 5
Plicaria carbonaria (Fuckel) Fuckel CE F PPH VII 2
P. endocarpoides (Berk.) Rifai EF, W PPH VII-X 7
P. trachycarpa (Curt.) Boud. E W PPH IX 1
Pyronemataceae
Alenria aurantia (Pers.: Fr.) Fuckel C, FPG, RP, W, WCA SHST VIII-XI ~25
Anthracobia manrilabra (Cooke) Boud. CE F PPH V-IX 6
A. melaloma (Alb. & Schwein.: Fr.) Arnould F, W, WB PPH V-X 7
Byssonectria fusispora (Berk.) Rogerson & Korf EW NLST, PPH, IV-VII 5
SHST
Caloscypha fulgens (Pers.: Fr.) Boud. CE, MF, P SHST IvV-vII 2
Cheilymenia crucipila (Cooke & W. Phillips) Le Gal FPG, W, WCA SHST V-IX 12
ex Denison
C. fimicola (De Not. & Bagl.) Dennis W CPH VI-X 5
C. grannlata (Bull.: Fr.) ]. Moravec MP, W, WB CPH IV-X 8
C. stercorea (Pets.: Fr.) Boud. MP, W CPH IV-XI 14
C. theleboloides(Alb. & Schwein.: Fr.) Boud. P,W SHST, CPH VI-IX 4
C. vitellina (Pers.: Fr.) Dennis G, P W SHST VI-IX 4
Coprotus dextrinoidens Kimbr., Luck-Allen & Cain DD CPH CULT 1
C. leucopocillum Kimbr., Luck-Allen & Cain MP, W CPH VI-VII, CULT 3
C. lutens Kimbr., Luck-Allen & Cain W CPH VIII-X 4
C. ochracens (P. Crouan et H. Crouan) J. Moravec CF CPH VI 1
C. sexcdecimsporns (P. Crouan & H. Crouan) Kimbr. DD CPH VIL 1
& Kortf
Geopora arenicola (Lév.) Kers E FPG, RP, W SHST VII-IX 13
Geopyxis carbonaria (Alb. & Schwein.: Fr.) Sacc. F, P, W PPH IV-IX 17
Humaria hemisphaerica (Wigg.: Fr.) Fuckel F P, S, W SHST, XST VII-X 30
Kotlabaea deformis (P. Karst.) Svreek W, WCA SHST V-VI 2
Lasiobolus ciliatns (J. C. Schmidt: Fr.) Boud. MP, P, S, W CPH IV-X 22
L. cuniculi Velen. W CPH IX, CULT 2
L. intermedius ]. L. Bezerra & Kimbr. W CPH IX 1
L. macrotrichus Rea W CPH VI 1
L. ruber (Quél.) Sacc. CF CPH VI 1
Lencoscypha erminea (E. Bommer & M. Rousseau) CF SHST, XST VII 1
Boud.
Melastiza chateri (W.G. Sm.) Boud. FPG, RVD, W, WCA SHST, XST VI-IX 11
Miladina lechithina (Cooke) Svreek CEF, WB XST VIL 1
Neottiella hetieri Boud. E W BPH, PPH VI-VII 2
N. rutilans (Fr.) Dennis CF BPH, SHST VII-IX 7
N. vivida (Nyl.) Dennis D, RP, W BPH, SHST IX-X 3
Octospora humosa (Fr.: Fr.) Dennis W BPH, SHST X 1
O. rubens (Boud.) M. M. Moser RP, W, WCA BPH, SHST IX-X 2
O. rustica (Velen.) ]. Moravec MP BPH, SHST IX 1
O. tetraspora (Fuckel) Korf RK BPH, SHST IX 1
Ofidea alutacea (Pets.) Massee CEF, DEF, G, P SHST VII-IX 8
O. bufonia (Pers.) Boud. FPG, P, W SHST VIII-X 16
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Table 1 (continued)

Taxa Habitats Ecological Fruiting No. of
groups time localities
O. leporina (Batsch) Fuckel var. leporina CF SHST VIII-IX 11
O. leporinavar. minor Rehm) Sacc. CEF, MF SHST VIII-X 2
O. onotica (Pers.: Fr.) Fuckel P, W SHST, XST VII-IX 25
O. phlebophora (Berk. & Broome) Sacc. DE P SHST VII 1
Pseudombrophila porcina (Svreek & Kubi¢ka) Brumm. CF, D CPH VIII 1
P. theiolenca Rolland CF CPH VIIL 1
Pulvinula carbonaria (Fuckel) Boud. CE F PPH IX 1
P. constellatio (Betk. & Broome) Boud. FPG, W SHST VII-IX 6
Pyronema domesticum (Sowetby: Fr.) Sacc. B, F, W, WCA AST, PPH VII-IX 8
P. omphalodes (Bull.: Fr.) Fuckel CE F PPH VII-IX 5
Rhodotarzetta rosea (Rea) Dissing & Sivertsen F, WCA PPH IX 1
Scutellinia kerguelensis (Berk.) Kuntze FPG, W, WB SHST, XST VII-IX 3
8. minutella Svréek & J. Moravec W, WCA SHST Y 1
S. olivascens (Cooke) Kuntze W SHST, XST V-X 5
S. seutellata (L.: Fr.) Lambotte B, G, P, RP, W, WB, WCA  HT, MST,NLST, V-X ~50
PPH, SHST, XST
S. subbirtella Svreek FPG, P, W, WB SHST, XST VI-IX 9
S. trechispora (Berk. & Broome) Lambotte CEF, DF SHST VII-IX 2
S. umbrorum (Fr.) Lambotte W SHST, XST VI-IX 4
Sepultaria semiimmersa (P. Karst.) Massee E FPG, RVD, W SHST IX 3
Sphaerosporella brunnea (Alb. & Schwein.: Fr.) Svreek  CE F, WCA PPH VII-IX 6
& Kubicka
Tarzetta catinns (Holmsk.: Fr.) Korf & J. K. Rogers ~ CF SHST VIII 1
T. cupularis (L.: Fr.) Lambotte FPG, P, RVD, S, W, WB SHST V-IX 12
T. gaillardiana (Boud.) Korf & J. K. Rogers W SHST VIIL 1
Tricharina cretea (Cooke) K.S. Thind & Waraitch GH SHST VIL 1
T. gilva (Boud.) Eckblad F, FPG, W, WCA PPH, SHST VI-IX 3
Trichobolus sphaerosporns Kimbr. CF CPH VI 1
Trichophaea gregaria (Rehm) Boud. CE, DE F SHST, XST VIII-IX 6
T. hemisphaerioides Mouton) Graddon E W PPH VII-X 7
Sarcoscyphaceae
Desmazierella acicola Lib. CF NLST v 1
Microstoma protracta (Fr.) Kanouse CF XST 111 1
Pithya cupressina (Batsch: Fr.) Fuckel G,P NLST, XST V-V 2
Sarcoscypha anstriaca (Beck ex Sacc.) Boud. P, S, W, WB XST 1I-V ~35
8. coccinea (Jacq.: Fr.) Lambotte W XST v 1
Sarcosomataceae
Psendoplectania nigrella (Pers.: Fr.) Fuckel CF SHST, XST IV-VI 6
Sarcosoma globosum (Schmidel: Fr.) Casp. CF SHST 1V, XII 3
Urnula craterinm (Schwein.: Fr.) Fr. PwW SHST 1I-V 6
Thelebolaceae
Thelebolus caninus (Auersw.) Jeng & J.C. Krug W CPH VIII 1
T. crustacens (Fuckel) Kimbr. W CPH VI, CULT 4
T. microsporns (Betk. & Broome) Kimbr. A\ CPH VI-X 11
T. polysporus (P. Karst.) Otani & Kanzawa W CPH VI-VIII 2
T. stercorens Tode: Fr. W CPH VI, CULT 4
Tuberaceae
Tuber exigunm R. Hesse MF SBT, SHST VIII 1
T. rufum Pico MF SBT, SHST VIIL 1




ACKNOWLEDGMENTS

I am grateful to Dr. Ain Raitviir for his valu-
able advise, assistance and comments on the
manuscript. Thanks also to Dr. Brian Spooner
for helpful suggestions concerning taxonomy
and nomenclature. This study was partly
funded by the Government of Lithuania, the
International Science Foundation (USA) and
the Nordic Scholarship Scheme for the Baltic
Countries of the Nordic Council of Ministers.

REFERENCES

Balevicius, K., Lapele, M. & Paltanavicius, S. (eds).
1992. Lietuvos raudonoji knyga. Vilnius, Lietuvos
Respublikos aplinkos apsaugos departamentas.
364 pp.

Dissing, H. 1982. Operculate Discomycetes
(Pezizales) from Greenland. In Arctic and Alpine
Mycology. The First International Symposium on
Arcto-Alpine Mycology (eds Laursen, G. A. &
Ammirati, J. F.), pp. 56-81. Seattle, London,
Univ. Washington Press.

Jarva, L. & Parmasto, E. 1980. List of Estonian Fungi.
Tartu. 331 pp.

Jéarva, L., Parmasto, |. & Vaasma, M. 1998. List of
Estonian Fungi. Supplement 1. Tartu. 183 pp.

Kristiansen, R. 1983. Bidrag til dstfolds
Ascomycetflora. 2. Agarica 4 (8): 220-264.

Kutorga, E. 1989a. Discomycetes from Curonian Spit.
In Jaunuju mokslininku straipsnig rinkinys
(Botanikos institutui — 30 metu), pp. 39-47.
Vilnius.

Kutorga, E. 1989b. Discomycetes inhabiting various
parts of Alnus. In X Congress of European my-
cologists. Abstracts, p. 66. Tallinn.

Kutorga, E. 1990. Istoricheskii obzor izucheniya
diskomicetov Litvi i napravleniya dal'neishikh
ikh isledovanii. Ekologija 2: 40-52.

Kutorga, E. 1991a. Patogen Rhizina undulata: razvitie
griba na kostrishshchakh. In Problemi lesnoi
fitopatologii i mikologii. Tezisi dokladov, p. 36.
Moskva-Kaunas.

55

Kutorga, E. 1991b. Vakaru ir Pietvakariu Lietuvos
diskomicetai (ruSine sudetis, paplitimas ir
struktura) [Discomycetes of western and south-
western parts of Lithuania (species composition,
distribution and structure); doctoral thesis].

Vilnius.

Kutorga, E. 1992. Bobausiai. Valgyti ar ne? Musu
gamta 4: 4-5.

Kutorga, E. 1993. Bobausiu plantacija. Musu gamta
5:13.

Kutorga, E. 1994a. New records in the genus Geopora
from Lithuania. Ekologija 2: 28-30.

Kutorga, E. 1994b. Paprastasis taukius Lietuvoje.
Musu gamta 2: 3-4.

Kutorga, E. 1996a. Carbotrophic discomycetes in
Lithuania. In 13th International Conference
“Fungi and Lichens in the Baltic Region”. Ab-
stracts, pp. 30-31. Riga.

Kutorga, E. 1996b. Mycological and lichenological
investigations in the former soviet military
forestries in Lithuania. Discomycetes. Botanica
Lithuanica 2 (3): 221-232.

Kutorga, E. 1997. Briedzhiukiniu (Morchellaceae)
Seimos grybai Lietuvoje. In Lietuvos bioivairove
(bukle, struktura, apsauga). Respublikines
konferencijos dalyviu praneSimu santraukos, pp.
81-82. Vilnius.

Kutorga, E. 1999. New records of discomycetes from
Lithuania. Botanica Lithuanica 5 (1): 79-83.
Kutorga, E. & Vishnjauskas, A. 1991. Sistematiko-
ekologicheskii analiz napochvennikh gribov
poryadka Pezizales zapadnoi i yugo-zapadnoi

Litvi. Ekologija 2: 3-12.

Prokhorov, V. & Kutorga, E. 1990. Koprotrofnie
diskomiceti Litvi i Latvii. Ekologija 4: 23-32.
Smitskaya, M. F. 1980. Flora gribov Ukraini.

Operkulyatnie diskomiceti. Kiev: Naukova dumka.

221 pp.

Svrcek, M. 1981. Katalog operkulatnich diskomycetu
(Pezizales) Cekoslovenska. Ill. Ceska Mykol. 35
(3): 134-151.

Vasiliauskas, A. 1998. Kalniniu pusSu dzhiuvimo
priezhastys Kursiu nerijoje. Musu girios 7 (603):
15-16.



56 Folia Cryptog. Estonica



Folia Cryptog. Estonica, Fasc. 36: 57-63 (2000)

The ultrastructure of Belonidium aeruginosum Mont. & Durieu

(Hyaloscyphaceae, Helotiales)
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Abstract: The ultrastructure of ascus apical apparatus and hair wall of Belonidiun aernginosum Mont. & Durieu has been
studied. All significant ultrastructure features were found to be very similar to those in Incrucipulum ciliare (Fr.) Baral and a
conclusion is made that Belonidium Mont. & Durieu is an earlier synonym of Incrucipulum Baral.

Kokkuvéte: K. Leenurm & A. Raitviir. Seene Belonidium aernginosum Mont. & Durieu (Hyaloscyphaceae,

Helotiales) ultrastruktuur.

Uuriti liudseene Belonidium aeruginosum Mont. & Durieu eoskoti tipuaparaadi ja karva seina ultrastruktuuri. Leiti, et koik
olulised ultrastruktuuri tunnused uuritud liigil ja liigil Incrucipulum ciliare (Fr.) Baral on viga sarnased. Sellest v6ib jireldada,
et Belonidinm Mont. & Durieu tuleb lugeda Incrucipulum Baral varasemaks stiinontitimiks.

INTRODUCTION

This paper is a continuation of our studies on
the ultrastructure of the hyaloscyphaceous
genera related to the genus Lachnum Retz.
(Leenurm et al., 2000). The type and the only
original species of the genus Belonidium Mont.
& Durieu has been studied for the reason that
its identity with Incrucipulum Baral has been
suggested (Raitviir, 1991; Jérv, 1995).

MATERIAL

A living material for this study was sent us by
Dr. Ricardo Galan. The collecting data of it are
as follows: Belonidium aeruginosum Mont. &
Durieu — on dead leaves of Quercus ilex subsp.
ballota, Spain, Tamajon, Guadalajara, 26 May
1998, leg. R. Galan, AH-7177, TAA-137738.

METHODS

Received by mail living material was kept in a
small plastic box under humid condition for
some days to become fully turgescent and then
fixed.

The methods followed were those described
by Curry & Kimbrough (1983) and Samuelson

& Kimbrough (1978). For transmission electron
microscopy, the fruitbodies were fixed for 2 h
using 2% paraformaldehyde, 2.5% glutaralde-
hyde and 2 mM calcium chloride in 0.1M so-
dium cacodylate buffer (pH=7.2) at room tem-
perature. Material was rinsed in 0,1M ca-
codylate buffer (pH=7.2) and postfixed for 45
min in 1% osmium tetroxide in the same buffer
(pH=7.2) at room temperature. The material
was buffer rinsed and dehydrated through a
graded ethanol series from 10% to 90% (in 10%
steps) followed by acetone, each 10 min. The
material was embedded in Spurr’s resin (ERL
4206) using infiltration series resin and acetone
in 1:3, 1:1 and 3:1 proportions for 3 hours each
and then polymerized. The material was thin-
sectioned on a Reichert ultramicrotome Om2U
using glass knives and the sections were
stained with uranyl acetate and lead citrate.
The material was examined using a JEOL-100S
electron microscope.

The terminology for hair wall stratification
based on cell wall terminology of Gooday (1995)
and the terminology of Verkley (1995) for as-
cus apical apparatus are used following
Leenurm et al. (2000).
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Figs 1-5. Ascus apical apparatus of Belonidium aeruginosum

1. Young ascus. — 2-3. Immature ascus. — 4. Mature ascus (near median section). - 5. Mature
ascus. Bar = 1mm. Abbreviations: a — annulus, ap - annular protrusion, as — ascospore, at —
apical thickening, ¢ — apical cap, cc — central cylinder, co - collar, il — inner layer of ascus wall,
ol — outer layer of ascus wall, pe — periascus.



RESULTS

Ascus (Figs 1-5). The apex of a young ascus is
almost lanceolate with an obtusely rounded tip
(Fig. 1). During maturing, the apex shortens
and widens becoming conical-truncate, in some
cases with a characteristic shortly and sharply
swollen collar just below the tip (Fig. 5). The
apical thickening is gradually widening towards
the ascus tip, mainly consisting of material
continuous with the inner layer of the lateral
ascus wall. The inner layer is electron-translu-
cent, about three times thicker than the outer
layer in the lateral ascus wall, becoming very
thick in the young ascus tip. As the ascus ma-
tures, its tip becomes much thinner due to the
compression of the material continuous with
the inner layer. The outer layer is evenly thin
at the ascus flanks and the tip. It consists of a
very electron-translucent inner stratum and a
very thin electron-dense outer stratum. An elec-
tron-dense, fibrillar stratum or periascus cov-
ers the ascus wall, becoming thicker and more
loose at the ascus tip.

In the young ascus the developing apical
apparatus is present as a cylindric-obconical
area of sparsely electron-dense material com-
prising numerous microtubular structures and
microvesicles; the central cylinder and apical
chamber have not yet been differentiated, the
annular protrusion is very long (Fig. 1). In the
immature ascus (Figs 2, 3) the annulus, cen-
tral cylinder and apical chamber are clearly
differentiated. The ascus apical apparatus be-
comes shorter and wider during this stage. The
annulus comprises electron-dense material,
which is packed most densely in the annular
protrusion. The annular protrusion is well de-
limited in the immature ascus and becomes
compressed by the ascospore during the as-
cus maturation. The central cylinder comprises
irregular electron-translucent fibrillar material,
wider than the lateral ascus wall in the mature
ascus. The apical chamber is convex and rather
big in earlier stages of development, in the
mature ascus it becomes shallow plane-con-
cave under the pressure of the ascospore (Figs
4, 5).

In the epiplasma of the apical region there
is an electron-dense, fine-granulated, quite
homogenous structure, visible in section as
cushion-shaped bodies, tightly pressed against
the ascus wall, connected with a narrow band
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Fig. 6. Ascus apical apparatus of Incrucipulum
ciliare (near median section). Bar = 1mm. Ab-
breviations: a — annulus, ac - apical chamber,
ap — annular protrusion, as — ascospore, at —
apical thickening, ¢ — apical cap, cc - central
cylinder, g — glycogen, Ig — lipid globul, pe -
periascus.

of the same material below the annulus. This
structure forms a cap surrounding the ascus
apical apparatus and wall in the conical part
of the ascus above the collar and is here named
apical cap. It seems, that the apical cap pre-
vents strong elongation of the ascus tip under
the growing osmotic pressure in the process of
maturation and is responsible for the widely
conical shape of the mature ascus apex and
the presence of the collar.

Hair wall. (Figs 7-9, 13) The wall is well-strati-
fied with papilliform warts. Warts are more
crowded on the upper part (Figs 7, 8) and al-
most lacking on the base of the hair (Fig. 13).
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Figs 7-11. - 7. A cross section of a hair. — 8. Hair wall (longitudinal section). — 9. One-celled hair.
— 10. Two ascospores within ascus. — 11. Liberated ascospore. Bar = 1mm. Abbreviations: il —
inner layer of hair wall, im - investing membrane, ol - outer layer of hair wall, p — pore, s -

septum, w — wart.
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Figs 12-13. — 12. Excipular cells. — 13. Hair basal cells. Bar = 1mm. Abbreviations: mt — mito-
chondrion, pp - pore plug, sp — septal plate, v — vacuole, w — wart, Wb — Woronin body.
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The most intensive forming of warts occurs at
the hair tip as it is well seen in short one-celled
hair (Fig. 9). It should be noted that the warts
are not only present on the walls of hairs, but
they cover also the external surface of the out-
ermost excipular cells, as it is seen in the
excipular cells just below the hairs (Figs 9, 13).
The hair wall is composed of two basic layers.
An inner layer, which is mostly more electron-
translucent and more evenly arranged, granu-
lar; and the outer layer, which is differentiated
into a granular-fibrillar inner stratum, and an
outer stratum, which is clearly delimited, as it
is more electron-dense, with a homogeneously
fine-granular structure. Externally the wall and
warts are covered with a thin electron-dense
fibrillar layer.

Ascospores (Figs 10 — 11) are narrowly-fusoid,
4-celled, having septal pores (obviously with a
pulley-wheel shaped plug) and small electron-
dense spherical bodies close to the septa. Those
bodies cannot be identified with certainty, but
it is unlikely, that they are Woronin bodies be-
cause no distinct membrane is visible. The
pulley-wheel shaped plug and Woronin bodies
were, however, well observed near a pore be-
tween two excipular cells (Fig.12). The as-
cospore wall differentiation is observed. In
young asci the ascospores are non-septate, with
undifferentiated walls (Fig. 1). Later, the as-
cospore walls become two-layered and sur-
rounded by a wavy investing membrane dur-
ing maturation (Fig. 10). In mature spores the
wall is distinctly two-layered (Figs 3, 5) and fi-
nally remarkably electron-translucent, as most
clearly observed in a liberated ascospore
(Fig.11).

DISCUSSION

At the comparable stages of development the
ascus apical apparatus structure of Belonidium
aeruginosum is almost exactly the same as that
of Incrucipulum ciliare (Fr.) Baral (Fig. 6), see
also Leenurm et al. (2000). The only difference
between the asci of B. aeruginosum and I. ciliare
is the presence of a collar at the mature stage
in the former but it is evidently a character at
the species level.

The unique feature of this ascus type is the
presence of an electron-dense apical cap, not
observed in any other species of inoperculate
Discomycetes. It bears in structure a striking
resemblance to the lower ring in the ascus of
an aquatic pyrenomycete Annulatascus
(Sordariales) (Wong et al., 1999). Those two
structures differ in the fact that the lower ring
of Annulatascus is really a centrally open ring,
but the apical cap of Belonidium forms a con-
tinuous cover below the annulus.

The hair wall structure and stratification,
and the origin and structure of warts are also
similar in B. aeruginosum and in I. ciliare
(Leenurm et al., 2000). A characteristic feature
of this hair wall type is the strongly thickened
outer layer. The wall of excipular cells is warty
in B. aeruginosum, too. This character was par-
ticularly stressed by Baral (Baral &
Krieglsteiner, 1985) for his new genus
Incrucipulum. The ultrastructural characters
strongly support the idea that Belonidium and
Incrucipulum are congeneric and Belonidium
offers an earlier name for the genus
Incrucipulum.

The development of the ascus apical appa-
ratus was observed from its early to late phases
of development. During this process the apical
apparatus passes through a series of changes
in its size and structure. Consequently the com-
parison of apical apparatuses in different taxa
can be made only at the same stages of ascus
development. as Verkley (1995) already con-
cluded for three families of Helotiales.
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Abstract: The list of lichenized and allied species presents locality and substrate data for 301 species and 4 infraspecific
taxa identified in Vormsi Island; eight species are new to Estonia and 79 species belong to the group of rare taxa with 10
or less localities in Estonia. According to the substrate, nine ecological groups have been distinguished; the groups of
epiphytes are the most numerous while rare taxa are more numerous among epilithic lichens on calcareous substrate and
among epibryophytes.

Ten geographical elements have been identified among the lichens of Vormsi Island; multiregional, boreal, nemoral
and holarctic elements are the biggest of them as expected. Relative abundance of southerly distributed lichens —
xerocontinental and submediterranean taxa — is connected with the presence of various xeric habitats in Vormsi Island,
e.g. alvars, moraine deposits, outcrops of limestone etc. Lichens of mainly northerly distribution often occur in the same
habitats.

Concentration of different lichen species is biggest on Rumpo Peninsula where169 lichenized taxa have been re-
corded on a rather limited territory.

Kokkuvéte: L. Martin, T. Randlane ja J. Martin. Vormsi saare samblikud.

Vormsi saare samblike nimekiri sisaldab kohalikke leviku- ja kasvukohaandmeid 301 liigi ja 4 liigisisese taksoni kohta; neist
kaheksa liiki on Eesti lihhenofloorale uued ja 79 liiki on Eestis seni leitud 10 voi vihemast leiukohast. Substraadi jirgi
jagunevad Vormsi samblikud tiheksasse Skoloogilisse rithma, neist koige liigirikkamad on epifiiidid; haruldasi liike on
koige arvukamalt lubjakivil kasvavate epiliitide ja epibriiofiiiitide hulgas.

Geograafiliste elementide jirgi jagunevad Vormsilt leitud samblikud kiimnesse rithma; multiregionaalne, boreaalne,
nemoraalne ja holarktiline element on neist ootuspiraselt liigirikkaimad. Suhteliselt arvukalt on 1dunapoolse, eelkdige
kserokontinentaalse levikuga liikke; péhjapoolse levikuga — arktoalpiinseid ja hiipo-arktomontaanseid — taksone leidub
Vormsil vihem. Mélema rithma esindajad asustavad valdavalt loopealseid, rannavalle, graniit- ja lubjakive.

Uheks huvipakkuvamaks samblike leiukohaks Vormsil tuleb hinnata Rumpo poolsaart, kust seni on leitud 169
samblikuliiki.

INTRODUCTION

Vormsi Island (Ormsé in Swedish) is situated
in the north-eastern part of the Baltic Sea, on
the western coast of Estonia (58°57'-59°02'N
23°07'-23°23'E) (Fig. 1). The shortest distance
Estonian mainland of (Noarootsi Peninsula) is
less than 3 km. It is the fourth biggest island

Kersletti

B . s, Borby
of Estonia (besides Saaremaa, Hiiumaa and Saxdy

Muhu) with a territory of 93 sq. km.

Forby Hoitberg Réloy N\/
Vormsi Island emerged from the sea about 3000 Suurm

years ago during the Limnea Il and Limnea Il

stages of the Baltic Sea. The oldest parts of the
island are also its highest points (Lillkullbackan RuUmpo
between Hullo and Rumpo villages, Hogbackan)

exceeding 12,7 and 11,9 m while the average po peninsula
altitude of Vormsi is 5-6 m above the sea level. 169

The whole island is situated in an area of con- | Numberofichen species per ocaliy

stant and rather fast neotectonic uplift about Fig. 1. Location of Vormsi Island on the west-
2.2-3.5 mm per year (Zhelnin 1958; Raukas  grn coast of Estonia and number of recorded
1995). Quaternary sediments are rich in peb-  |ichen species per locality in Vormsi.
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ble formed mostly of limestone. In the western
part of Vormsi Island pebble is mainly com-
posed of limestone and up to 5 % of crystalline
rock while in the eastern part of the island the
proportion of crystalline pebble in moraine
material reaches 20-40 % (Raukas 1969). Mo-
raine deposits are rich in granite erratic boul-
ders of different size. Circumference of the larg-
est erratic boulders is up to 20-25 m. Beach
ridges originating from the Limnea stage as well
as more recent ones are frequent on Vormsi
Island. Some of these formations are connected
to the moraines which are clearly visible on the
coastline of Rumpo Peninsula.

The crystalline basement of Vormsi is
overlain by the Ordovician carbonate rocks and
limestones. The Quarternary cover is composed
of glacial and glaciofluvial deposits of various
thickness: it is thicker in the southern part (up
to 10-12 m above the sea level in the vicinity
of Hullo and Sviby) and very thin in the west-
ern part of the island (0,6 m in Saxby and
Kersleti). The bedrock relief is predominantly
flat. The elevation of Hoitberg (10 m high, rela-
tive elevation 2.5 m), where the bedrock out-
crop composed of Pirgu stage limestone is ex-
posed, is located in the western part of Vormsi.
Marine sediments - sand and gravel — occur
all over the island. The biggest coastal accu-
mulative terraces are situated in the western
part (Saxby) where the glacial deposits are thin
and carbonate rocks close to the surface or even
exposed. The radial eskers of NW-SE - orien-
tation which are considerably abraded by the
sea are the most characteristic glacial relief
forms (Ratas 1977).

West-Estonian Archipelago is located in the
area of maritime climate. Still, influence of the
open Baltic is not so strong in Vormsi Island
due to the distance and other islands around.
The shallow Vainameri (inner sea of the West-
Estonian Archipelago) also causes differences
in air temperatures, humidity and precipita-
tion if compared to with other Estonian islands
and the mainland coast. The average yearly air
temperature is 5.3? C in Vormsi which is lower
than in Hiiumaa Island and in Haapsalu (west-
ern coast of mainland, 15 km east of Vormsi).
The average annual wind speed is 5.6 m/s
which is also higher than in the surrounding
islands and the closest mainland coast. South-
western and southern winds dominate (32%)

in Vormsi. The average amount of precipita-
tion is 536 mm per year in Vormsi. It is lower
than in western Hiiumaa (Ristna, 561 mm) but
higher than in southern Hiiumaa (Heltermaa,
526 mm) and Haapsalu. Duration of the frost
free period is remarkable - it lasts 120-125
days and snow cover is present on 106 days
(Raik 1967; Mardiste 1967; Ratas 1977).

Plant cover of Vormsi Island is similar to
the vegetation of the western part of the Esto-
nian mainland but also to that of Hiiumaa Is-
land. The main types of vegetation are boreo-
nemoral grasslands, coastal meadows and
paludified grasslands. Alvar grasslands occur
in rather limited territories only. About 34% of
the territory are covered with different types of
forests, mainly alvar forests and shrublands.
Dry and fresh boreal forests and dry boreo-
nemoral forests where the dominating tree spe-
cies are Pinus sylvestris and Picea abies also
occur. Juniperus communis is usual inhabit-
ant in the second tree layer as well as Corylus
avellana, Frangula alnus, Lonicera xylosteum.
In paludified forests Betula pendula is domi-
nating, occasionally with Alnus glutinosa and
Populus tremula. Acer platanoides, Aesculus
hippocastanum, Fraxinus excelsior and other
broadleaved deciduous trees grow in parks of
Hullo and Suureméisa.

HISTORICAL SURVEY OF
LICHENOLOGICAL INVESTIGATIONS

Lichens of Vormsi Island have been studied
since the 1930s by several persons but a gen-
eral survey (including the list of lichens) has
not been published yet. In the earliest publi-
cation — compiled by a Finnish lichenologist
Ernst Hayren (1930) - in which the lichens of
Vormsi Island have been mentioned only two
very common species (Parmelia sulcata and
Xanthoria parietina) are referred to. More thor-
ough floristical data concerning lichens of
Vormsi can be found in the manuscript of the
doctoral dissertation by Hans Trass (1967) and
later in the diploma paper by Raili Allmae
(1988). According to the latter, 210 lichen spe-
cies grow in Vormsi Island.

Finding of Flavocetraria cucullata and other
arctoalpine lichens in Vormsi on Rumpo Pe-
ninsula, which is the only locality of this spe-
cies in Estonia (Trass 1963), and later obser-
vations concerning the richness of lichenized



taxa served as a motivation to establish a “Li-
chen Sanctuary” in the late seventies to pro-
tect rare and biogeographically interesting li-
chen species. It took more than ten years of
discussions to go through different bureau-
cratic processes before the botanical reserve
of Rumpo was officially established in 1987. In
1989, after the formation of the West Estonian
Archipelago Biosphere Reserve, the botanical
reserve of Rumpo was included in the former
institution as one of the core areas.

Besides floristical studies some investiga-
tion projects concerning lichen populations and
communities have been completed in this is-
land. Studies on the structure and biomass of
lichen vegetation inhabiting soil were carried
out in connection with the estimation of
radionuclides fallout after the accident in
Tchernobyl Nuclear Power Station in 1986
(Martin et al. 1991). Cladina mitis, C.
rangiferina, Cetraria islandica, Flavocetraria
cucullata and F. nivalis appeared to be the domi-
nant terricolous macrolichens on Rumpo Pe-
ninsula. Among them, C. mitis had the highest
coverage (50 % in average) and the highest
biomass (0.58 kg per m?). Structure and
biomass of investigated communities were quite
comparable to those distributed in Arctic ar-
eas. This was the reason why studies on Rumpo
Peninsula were included into the Circumarctic
Program of vegetation contamination studies
carried out by US Environmental Protection
Agency. In 1992, Flavocetraria cucullata was
sampled within the framework of this program
as one of the indicator species.

The elemental analysis of dominant spe-
cies demonstrated high concentrations of Zn,
Mn and Pb in lichen biomass (Martin et al.
1991). Elevated concentrations of microele-
ments mentioned above but also of Ni and Cd
seem to be an impact of military air base which
was located in Rohukila, ca 15 km south of
Vormsi Island. Furthermore, investigations
concerning the accumulation of radionuclides
have revealed that concentrations of
radiocesium (**+137 Cs) in terricolous lichens
decreased exponentially. The higest concentra-
tion of radiocesium was detected in
Flavocetraria cucullata (more than 4 kBg/kg).
During four years (1986-1989) the concentra-
tion stabilized and reached the level close to
that before radioactive fallout in 1986.
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The impact of terricolous lichens on the soil
microbial coenoses has also been investigated
in Vormsi. The stimulating impact of lichen
cover on the development of soil microflora was
demonstrated while the antibiotic influence of
lichens containing usnic acid could be discov-
ered only in respect to the spore-forming bac-
teria and in the soil layer that was in close con-
tact with lichens (Parinkina & Piin 1984, 1991).

The present survey was undertaken to enumer-
ate all the lichenized taxa found in the island
and to provide a general review of its lichen
flora.

MATERIAL AND METHODS

The herbarium materials used for the present
review are kept in the University of Tartu (TU)
— ca 550 specimens - and the International
Centre for Environmental Biology (ICEB) - ca
420 specimens. Other, smaller collections of
lichens of Vormsi Island are deposited in the
Institute of Ecology (IE), Estonian Nature Mu-
seum (TAL) and Tallinn Botanical Gardens
(TBA); these herbaria were taken into account
to a lesser extent. Materials that were studied
in preparing the present paper have been col-
lected by different persons during a period of
almost 40 years (1960-1999) (Table 1).

The taxa were identified using the routine mor-
phological, anatomical and chemical methods
(incl. hand-made cross-sections of fruit-bod-
ies and color tests with p-phenylendiamine in
ethanol and potassium hydroxide and sodium
hypochlorite in ethanol). In a few cases sec-
ondary compounds were analyzed according to
the standardized TLC methods.

LIST OF TAXA

The list of lichenized and allied taxa found in
Vormsi Island is presented in the alphabetical
order (Table 2). From synonyms only these are
included which have been used in earlier pa-
pers or manuscripts concerning lichens of
Vormsi. Most of the taxa included were veri-
fied or identified by the authors of the present
paper. In such cases, the names of herbaria
(mainly ICEB or TU) where the respective ma-
terials are kept are reported. Where the her-
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Table 1. Collectors of lichens in Vormsi.

Collectors Year Herbarium No of specimens
Group of students
(M. Kubo, H. Ting et al.)
guided by H. Trass 1960 TU ca 40
J. Martin & L. Martin 1969, 1977, 1979, 1980,

1984, 1986, 1994, 1999 ICEB ca 420
T. Randlane & A. Roosma 1979 TU a few
T. Randlane 1985 TU ca 60
R. Allmie 1986-1987 TU ca 450
H. Trass 1986 TU a few
1. Jiriado & P. Lohmus 1994 TU a few

barium material has not been seen and spe-
cies are included according to literature data
only, references of the papers cited are added.

ANALYSES OF THE LICHEN FLORA
Floristical analysis

Today, 301 lichen species and 4 infraspecific
taxa (subspecies and varieties) have been iden-
tified in Vormsi Island. The first list of lichen
species of the island (Allmae 1988) presented
210 taxa. Still, during the last decade, not only
approximately one hundred species new to the
local flora have been found but several taxa
should also be omitted from the list — due to
both re-identifications and changes in the li-
chen systematics. According to our present
knowledge the following lichen species (earlier
mentioned as found in Vormsi) do not grow in
the island: Acarospora oligospora (Nyl.) Arnold,
Bryoria chalybeiformis (L.) Brodo & D. Hawksw.,
Caloplaca cerinella (Nyl.) Flagey, Cladonia
ecmocyna Leight., C. ramulosa (With.) J. R.
Laundon [syn. Cladonia pityrea (Florke) Fr.], C.
scabriuscula (Delise) Nyl., Fulgensia fulgens
(Sw.) Elenkin, Leproloma membranaceum
(Dicks.) Vain. [syn. Crocynia lanuginosa (Ach.)
Hue], Physcia clementei (Sm.) Maas Geest.,
Polyblastia albida Arnold, Porpidia cinereoatra
(Ach.) Hertel & Knoph [syn. Huilia cinereoatra
(Ach.) Hertel], Rhizocarpon alpicola (Anzi)
Rabenh., R. badioatrum (Flérke ex Spreng.) Th.
Fr., R. grande (Flérke ex Flot.) Arnold, R.
riparium Rasanen, R. umbilicatum (Ramond)

Flagey, Stereocaulon subcoralloides (Nyl.) Nyl.,
Usnea fulvoreagens (Rasédnen) Rasanen.

To evaluate the richness of the lichen flora of
Vormsi Island, it is important to acknowledge
that more than 850 lichenized and allied taxa
have been reported in Estonia altogether lately
(Randlane & Saag 1999). Thus the lichen flora
of Vormsi constitutes about 35% of the whole
flora of Estonia while its area is less than 5%
of the total area of the country. The compari-
son of the numbers of lichen species found in
other Estonian islands (see in Randlane &
Juriado 1999) is not representative because,
firstly, the areas of different islands vary greatly
and, secondly, most of these lichen lists have
been compiled years ago and need contempo-
rary revision and supplementation.

The lichen flora of different parts of Vormsi Is-
land has been investigated quite unequally (Fig.
1). Southern areas of the island are surely more
thoroughly studied than the localities in north-
ern or central parts. Still, Rumpo Peninsula is
not only the place where several lichenologists
have made their collections but it is surely a
very suitable locality for many lichens of dif-
ferent ecological requirements. Today, 169
lichenized taxa have been recorded from this
small area of ca 100 ha.

Lichen species found in Vormsi Island can be
divided into groups according to their general
frequency of occurrence in Estonia which is
stated according to the scale presented in
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Table 2. Lichenized and allied taxa found in Vormsi Island. Localities: 1 — Rumpo Peninsula, 2
—Rumpo village, 3 — Hullo, 4 — Suurem@isa, 5 — Hoitberg, 6 — Forby, 7 — Saxby, 8 — Kersleti, 9 -
Borrby, 10 — Ralby, 11 - Norrby, 12 - Sviby, 13 - others (Diby, Féallana, Hosby, Nyby, Séderby)
(see also Fig. 1). Ecological groups according to substrata: F — growing on rusty iron, Lc - epilithic
on calcareous rocks, Lm - growing on mortar, Ls — epilithic on siliceous rocks, M — growing on
mosses and plant debris, S - growing on soil, Tc — epiphytic on coniferous trees (Juniperus
communis, Picea abies, Pinus sylvestris), Td — epiphytic on deciduous trees, W — growing on wood.
Frequency in Estonia (according to Randlane & Saag 1999): rr — very rare, 1-2 localities in
Estonia; r — rare, 3-5 localities; st r — rather rare, 6-10 localities; st fq — rather frequent, 11-20
localities; fq — frequent, 21-50 localities; fqq — very frequent, 51 or more localities. Geographical
elements: arc — arctic-alpine, hypm - hypo-arctic-montane, bor - boreal, nem - nemoral, xer —
xerocontinental, smed - submediterranean, smon - submontane, soc — suboceanic, hol — holarctic,
mul — multiregional, ? — general distribution undetermined.

Taxa Localities Substrate Frequency Herbaria Geogt. el.
in Estonia or literature

Absconditella lignicola Vezda & Pisut 8,12 W rr ICEB bor

Acarospora cervinaA. Massal. 1 Lc st ICEB, TU xer

A. fuscata (Nyl.) Arnold 1,12 Ls st fq ICEB, TU hol

A. glaucocarpa (Ach.) Korb. 5 Lc r TU mul

Amandinea coniops (Wahlenb.) Scheid. &
H. Mayrhofer [syn. Buellia coniops
(Wahlenb.) Th. F'r 1 Ls st TBA soc

A. punctata (Hoffm.) Coppins &
Scheid. [syn. Buellia punctata (Hoffm.)

A. Massal.] 1,2,4,8 Ls, Tc, Td, W fq ICEB, TBA, TU mul
Anaptychia ciliaris (1..) Korb. var. ciliaris 3, 4 Td fqq ICEB, TU nem
A. ciliaris var. melanosticta (Ach.) Boistel 8 Ls st fq ICEB soc
Arthonia lapidicola (Taylor)

Branth. & Rostr. 1 Lc rr ICEB mul

A. ligniaria Hellb. 3,12 Te, W NEW ICEB ?
A. mediella Nyl. 3 Tc str ICEB bor
A. muscigena Th. Fr. 1 Td rr ICEB nem
A. punctiformis Ach. ? Td str Trass 1967 nem
Arthopyrenia rhyponta (Ach.) A. Massal. 2 Td rr ICEB nem
Aspicilia calcarea (1..) Mudd. 1,7 Lc st fq ICEB, TU mul
A. anerea (L.) Kotb. 1,3,59 Ls fq TU mul
A. contorta ssp. hoffmanniana

Ekman & Froberg 1,3, 57,11 1Lc fq ICEB, TU hol
A. moeninm (Vain.) G. Thor & Timdal 1, 8 Lc, Lm str ICEB hol
Bacidia bagliettoana (A. Massal. &

De Not.) Jatta 1, 12 Lm, M st fq ICEB mul
B. ‘beckbansii’ Korb. 3 Td str TU nem
B. fraxinea Lonnt. 4 Td fqq Liiv & Piin 1996 nem
B. herbarum (Stiz.) Arnold 1 M r ICEB bor
B. polychroa (Th. Fr.) Korb. 1 Td st fq ICEB nem
B. rubella (Hoffm.) A. Massal. 3,4 Td fq TU nem
B. sabuletorum (Schreb.) Lettau 3 M fq TU mul
Bacidina phacodes (IK6rb.) Vezda 1 Td str ICEB ?

Bryoria capillaris (Ach.) Brodo &
D. Hawksw. [syn. B. sefacea (Ach.)
Brodo & D. Hawksw] 3,5,6,7,8 Tc fqq ICEB, TU bor



70 Folia Cryptog. Estonica

Table 2 (continued)

Taxa Localities Substrate Frequency Herbaria Geogr. el.
in Estonia or literature
Bgfmceﬂem (Gyeln.) Brodo &
. Hawksw. 8, 12 Tc fqq ICEB, TU bor
B. implexa (Hoffm.) Brodo &

D. Hawksw. 8, 10 Te, W st fq ICEB, TU bor
B. nadvornikiana(Gyeln.) Brodo &

D. Hawksw. 8 W st fq ICEB bor
B. subcana (Stizenb.) Brodo &

D. Hawksw. 3 Tc st fq TU hol
Buellia disciformis (Fr.) Mudd 3,9,12 Td fqq TU mul
Calicinm abietinum Pers. 3 \% fqq TU mul
C. glancellum Ach. 3 \% fqq TU mul
C. guercinum Pers. 2,11 W st fq ICEB, TU nem
C. salicinum Pers. 3,11 Te, W fq Allmie 1988 mul
C. viride Pers. 1,3,4,12,13 Tc, Td, W fqq ICEB, TU mul
Caloplaca cerina (Hedw.) Th. Fr. 1 M fqq ICEB mul
C. cerinelloides (Exichsen) Poelt 3 Tc, Td str ICEB, TU nem
C. dtrina (Hotfm.) Th. Fr. 1,4,8,12 E Lc, Lm fq ICEB, TU mul
C. decipiens (Arnold) Blomb. & Forssell 4 Lc fq TU mul
C. flavorubescens (Huds.) J. R. Laundon 1, 3, 12 Tc, Td fqq ICEB, TU mul
C. holocarpa (Ach.) A. E. Wade 1,3,12 E Tc, Td fq ICEB, TU mul
C. jungermanniae (Vahl.) Th. Fr. 1 M rr TBA arc
C. lactea (A. Massal.) Zahlbr. 1,7,12 Lc, Lm fq ICEB, TU mul
C. saxicola (Hoffm.) Nordin 4,5,6,7,12,13 F, Lc, Lm fq ICEB, TU mul
C. sinapispema (Lam. & DC.) Maheu &

Gillet [C. lencoraea (Ach.) Branth] 1,7,8 M st fq Allmie 1988 arc
C. variabilis (Pers.) Mall. Arg, 1 Lc st fq ICEB hol
C. vitellinnla auct. 1, 10 Lc, Lm, Ls st fq ICEB, TU mul
Candelariella aurella (Hotfm.) Zahlbr. 1,7, 12 Lc fq ICEB, TU mul
C. coralliza (Nyl.) H. Magn. 1,3,8 Ls fq ICEB, TU hol
C. vitellina (Hoffm.) Mill. Arg, 1,5,7,12 E Ls fq ICEB, TU mul
C. xanthostigma (Ach.) Lettau 2,4 Td fq ICEB nem
Catapyrenium squamulosum (Ach.) Breuss 1 S r TU xer
Catillaria lenticularis (Ach.) Th. Fr. 1 Lc NEW! ICEB smon
C. minnta (A. Massal.) Lettau 5 Lc rr ICEB smon
Cetraria acnleata (Schreb.) Fr. [syn.

Coelocanlon aculeaturn (Schreb.) Link] 1, 3,9, 11 S fqq ICEB, TU mul
C. ericetorum Opiz 1,6,9, 11 S fqq ICEB, TU bor
C. islandica (L.) Ach. 1,3, 11 S fqq ICEB, TU mul
C. muricata (Ach.) Eckfeldt [syn.

Coelocanlon muricatum Ach.)

J. R. Laundon] 1,9 S st fq ICEB, TU mul
C. sepincola (Ehrh.) Ach. [syn.

Tuckermannopsis sepincola (Ehrh.) Hale] 1, 2, 3, 11 Te, W fqq ICEB, TU mul
Chaenotheca brunneola (Ach.) Mall. Arg, 3 W fq TU mul
C. chrysocephala (Ach.) Th. Fr. 3,4,5,13 Tc fqq ICEB, TU mul
C. ferruginea (Turner & Borrer) Mig. 3,5, 12 Tc fqq ICEB, TU mul
C. trichialis (Ach.) Th. Fr. 1 Td fqq ICEB mul
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Chaenothecopsis nana Tibell 8 Tc r ICEB bor
Chromatochlamys muscornm (Fr.)

H. Mayrhofer & Poelt 1 M NEW! ICEB xer
Chrysothrix: candelaris (L.) . R. Laundon 3, 4 Tc fq TU mul
Cladina arbuscula (Wallr.) Hale &

W. L. Culb. 1,7,9 S fqq ICEB, TU bor

C. dliata f. tennis (Florke) Ahti

[C. tenuis (Flotke) Ahd] 1,9 S fq ICEB, TU soc
C. mitis (Sandst.) Hustich 1,3,9,11 S fqq TU mul
C. rangiferina (1) Nyl 1,9 S fqq ICEB, TU mul
C. stellaris (Opiz) Brodo 3,10 S fqq TU bor
Cladonia bacillaris (Leight.) Arnold 1 S fq Liiv & Piin 1996 mul
C. botrytes (K. G. Hagen) Willd. 3 \% fqq TU bor
C. cariosa (Ach.) Spreng, 1,3,13 S fqq TU mul
C. carneola (Fr.) Vain. 1 S st fq Liiv & Piin 1996 bor
C. cenotea (Ach.) Schaer. 3,5,7,8,13 S, Te, W fqq ICEB, TU bor
C. chlorophaea (Sommerf.) Spreng; 1,3,56,9,13 S, W fqq ICEB, TU mul
C. coccifera (L.) Willd. 11 S st fq TU mul
C. coniocraea (Florke) Spreng. 3,7,8,12,13  Ls,S,Te, Td, W fqq ICEB, TU mul
C. cornuta (L.) Hoffm. 1,11 S fqq TU mul
C. erispata (Ach.) Flot. 7 S fqq TU mul
C. deformis (1) Hoffm. ? S fqq Trass 1967 mul
C. digitata (L.) Hoffm. 1, 3,0, Tc, W fqq TU mul
C. fimbriata (1.) Fr. 1,3,5,9, 11 Ls, S, Tc fqq ICEB, TU mul
C. floerkeana (Fr.) Sommerf. 1 S fqq TU mul
C. foliacea (Huds.) Willd. 1 S st fq Trass 1967, xer

Liiv & Piin 1996
C. furcata (Huds.) Schrad. é, g, ?,36, S fqq TU mul
C. glanca Florke 3 Y fqq TU bor
C. gracilis (L) Willd ssp. gracilis 1,11 S fqq TU mul
C. gracilis ssp. turbinata(Ach.) Ahti 3,89 S, W fqq TU mul
C. macilenta Hoffm. 1,2,7 S, W fqq ICEB, TU mul
C. macroceras (Delise) Haw. 1,3 S r TU arc
C. ochrochlora Flotke 3,8 W fq TU mul
C. phyllophora Hoffm. 9,10 S fq TU mul
C. pocillum (Ach.) Grognot 1,3 S st fq TU xer
C. pyxidata (I..) Hoffm. 1,3,8,10 Ls, S, Tc fqq TU mul
C. rangiformis Hoffm. 1,6, 11 S fq TU xer
C. rei Schaer. 1 S str Liiv & Piin 1996 mul
C. squamosa Hoffm. 7 A\ fqq TU mul
C. subrangiformis Sandst. 1,7,9 S fq TU xer
C. subulata (I..) F. H. Wigg, 1,6,9 S fqq ICEB, TU mul
C. symphycarpa (Florke) Tr. 1,3,5,6,7 S fq TU xer
C. turgida Hoffm. 3,7,9,13 S fq TU mul
C. uncialis(L.) F. H. Wigg, 1, 10, 11 S fqq ICEB, TU mul
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Clanzadea monticola (Schaer.) Haffelner
& Bellem. |'hyn Lecidea

monticola Schaet.) 1,3,8 Lc fq ICEB, TU mul
Cliostomum griffithii (Sm.) Coppins 1,3,8 Tc, Td st fq ICEB, TU bor
C. leprosum (Rdsinen)

Holien & Tonsberg 5 Tc str ICEB bor
Collema cristatum (1) F. H. Wigg, 1 Lc st fq ICEB, TU mul
C. fuscovirens (With. )/g R. Laundon

[syn. C. tunsforme (Ach.) Ach.] 4 Lc fq TU mul
C. tenax (Sw.) Ach. 3 Lc st fq TU mul
Dimerella pineti (Ach.) Vezda 1,8,12 Tc, Td fq ICEB bor
Diploschistes muscornm (Scop.) R. Sant. 1 M st fq ICEB, TU xer
D. scruposus (Schreb.) Norm. ? Ls st Trass 1967 mul
Diplotomma alboatrum (Hoffm.) Flot.

[syn. Buellia alboatra (Hoffm.) Th. Fr] 2, 4 Td st fq ICEB, TU mul
D. ambignum (Ach.) Flagey 1 Ls rr ICEB hol
D. epipolium (Ach.) Arnold 1 Lc st fq ICEB hol
Evernia prunastri (L..) Ach. 2,4,7,8,9 Tc, Td, W fqq ICEB, TU nem

Flavocetraria cucnllata (Bellardi)
Kirnefelt & A. Thell [syn. Cetraria
cucnllata (Bellardi) Ach.] 1 S tr ICEB, TBA, TU arc

F nivalis (L..) Kirnefelt & A. Thell

[syn. Cetraria nivalis (1..) Ach.] 1,9, 11 S fqq ICEB, TU arc
Fulgensia bracteata (Hoffm.) Rdsinen 1,3 M, S fq ICEB, TU arc
Graphis seripta (1L.) Ach. 1,10 Td fqq ICEB, TU mul
Hypocenomyce friesii (Ach.) P. James &

otth. Schneid. 5 Tc st ICEB bor
H. scalaris (Ach.) M. Choisy 2,3,7,11 Tc, W fqq ICEB, Tu mul
Hypogymmia physodes (L..) Ach. é,2é3,94,51,2 Ls, Tc, Td, W fqq ICEB, TU mul
H. tubnlosa (Scher.) Hav. 1,8, 12 Tc, Td, W fqq ICEB, TU bor
Imshangia aleurites (Ach.) S. L. F. Meyer

[syn. Parmeliopsis alenrites (Ach.) Nyl.] ? Tc fqq Trass 1967 bor
Lecanactis abietina (Ach.) Korb. 3,5,8 Tc fq ICEB mul
Lecania cyrtella (Ach.) Th. Fr. 3 Tc fq ICEB bor
L. fuscella (Schaer.) A. Massal. 6,12 Td st TU bor
L. naegelii (Hepp) Diederich & Boom 3 Tc fq ICEB bor
Lecanora albella (Pers.) Ach. [syn.

L. pallida (Schreb.) Rabenh.] 1,8 Tc fq ICEB, TU mul
L. albescens (Hoffm.) Branth & Rostr. 5,7 Lc fqq TU hol
L. allophana Nyl. 1 Td fqq ICEB nem
L. argentata (Ach.) Malme [syn. L.

subfuscata H. Magn., L. subrugosa Nyl.] 3, 4 Tc, Td fqq TU mul
L. campestris (Schaer.) Hue 57 Ls stt TU hol
L. carpinea (1..) Vain. %,22,1 43&, 11, Tc, Td fqq ICEB, TU mul
L. cenisia Ach. 1,3 Ls fq ICEB, TU hypm
L. ¢chlarotera Nyl. 2,3,4,8,9, 12 Td fqq ICEB, TU mul
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L. circumborealis Brodo & Vitik.

[syn. L. coilocarpa auct. 13 \% r TU bor
L. ¢renulata Hook. 1 Lc st fq ICEB, TU mul
L. dispersa (Pers.) Sommerf. 1,3,12 E Lc, Lm, Ls fqq ICEB, TU mul
L. expallens Ach. 1 Tc fq Liiv & Piin 1996 mul
L. hagenii (Ach.) Ach. 1,2,3,4,12 Tc, Td, W fqq ICEB, TU hol
L. intricata (Ach.) Ach. 9 Ls st fq TU arc
L. leptyrodes (Nyl.) Degel. %,1 3,1 g, % Tc, Td fqq ICEB, TU nem
L. macrocyclos (H. Magn.) Degel. 1 Ls st fq TU hol
L. muralis (Schreb.) Rabenh. 1,3,5,8,9 Ls fqq ICEB, TU mul
L. piniperda Ko1b. 1,2 Td, W r ICEB bor
L polytrgpa (Hoffm.) Rabenh. 1,9,12 Ls fq ICEB, TU mul

pulicaris (Persf] Ach. [ syn. 1,2,3,7,

f/y/amm Ach.) Nyl 10, 11, 12 Tc, Td, W fqq ICEB, TU bor
L. mgase//a Zahlbr 2,3,4 Td fqq ICEB, TU nem
L. rupicola (L..) Zahlbr. 1,5,7,9,12,13 Ls fq ICEB, TU mul
L. saligna (Schrad.) Zahlbr. 2 W fq ICEB hol
L. sulphurea (Hoffm.) Ach. 1,7 Ls fq TU smon
L. symmicta (Ach.) Ach. 1,2,8,12 Td, W fqq ICEB, TU mul
L. varia (Hoffm.) Ach. 1,2,3,8 10 Td, W fqq ICEB, TU mul
Lecz'dm Jfuscoatra (L..) Ach. 1,3 Ls st fq ICEB, TU mul

L. ‘hypopta’ Ach. 3 Tc rr ICEB bor
L. lapicida var. pantherina

[syn. L. Jactea Schaer.] 1,5 Ls st fq ICEB, TU mul
L. ‘nylanderi’(Anzi) Th. Fr. 3 Tc r ICEB bor
L. ‘turgidula’ Fr. 3,12 Tc fq ICEB mul
Lecidella elacochroma (Ach.) M. Choisy 1, 3,4,10,12  Tc, Td fqq ICEB, TBA, TU mul
L. euphorea (Florke) Hertel 1,2,3,4,6 Tc, Td fqq ICEB, TBA, TU mul
L. stigmatea (Ach.) Hertel & Leuckert 1,4 Lc, Ls fq ICEB, TBA, TU mul
Lepraria elobata Tonsberg 5 Ls r TU bor
L. incana (L.) Ach. 3,4,5,8,9 M, Tc fq ICEB, TU mul
L. lobificansNyl. 12 Tc fq ICEB mul
L. neglecta (Nyl.) Erichsen 13 Ls r TU arc
Leptoginm diffractum Korb. 1 Lc NEW! ICEB ?

L. imbricatum P. M. Jorg, 1 M NEW! ICEB arc
L. Jichenoides (L.) Zahlbr. 1,3,5,8 Le, M st fq ICEB, TU hol
L. schraderi (Bernh.) Nyl 1 M rr ICEB xer
Loxospora elatina (Ach.) A. Massal. 5 Tc r ICEB smon
Melanelia disjuncta (Erichsen) Essl 8,12 Ls st fq ICEB hypm
M. exm‘ﬁemta (De Not.) Essl.

[syn. Parmelia exasperata De Not.] 2,9 Td fq ICEB, TU nem
M. exa%emz‘ﬂ/q (Nyl.) Essl.

[syn. Parmelia exasperatula Nyl.| 2,6 Td, W fqq ICEB, TU nem
M. fuliginosa (Duby) Essl. [syn

Parmelia fuliginosa (Duby) Nyl 3,4,06,8,

P. glabratula Lamy) 9,11, 12 Ls, Td, W fqq ICEB, TU hol
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M. olivacea (1) Essl. [syn. 1,3,06,

Parmelia olivacea (L.) Ach.] 10, 11, 12 Tc, Td fqq ICEB, TU bor
M. sorediata (Ach.) Goward & Ahti

[syn. M. sorediosa (Almb.) Essl] ? Ls fq Liiv & Piin 1996 hypm
M. stygia (L.) Essl.

[syn. Parmelia stygia (L..) Ach.] ? Ls st Trass 1967 arc
M. subanrifera (Nyl.) Essl. 1,4,8 Tc, Td fqq ICEB, TU bor
Micarea denigrata (Fr.) Hedl 2,3,8,12 Te, W st fq ICEB bor
M. misella (Nyl.) Hedl. 2,3,12 W r ICEB bor
M. peliocarpa (Anzi) Coppins & R. Sant.8 W str ICEB bor
M. prasina Fr. 1,3,8,12 Tc, Td, W fqq ICEB mul
Mycobilimbia carneoalbida

(Mull. Arg)) comb. inedit. 12 Lm st ICEB bor
M. hypnorum (Lib.) Kalb & Hafellner 1 M r ICEB ?
M. microcarpa (Th. Fr.) Lettau [syn.

Bacidia microcarpa(Th. Fr.) Lettau] 5 M r ICEB, TU bor
M. tetramera (De Not.) comb. inedit.

[syn. Bacidia obscurata

(Sommerf.) Zahlbr.] 3 M stt TU bor
Mycocalicinm subtile (Pers.) Szatala

[syn. Calicinm subtile Pets.] 2,3,8,12 W fqq ICEB, TU mul
Mycomicrothelia confusa D. Hawksw. 1 Td rr ICEB ?
Neofuscelia loxodes (Nyl.) Essl.

[syn. Parmelia loxodes Nyl.] 1,8,9,13 Ls fqq ICEB, TU bor
N. pulla (Ach.) Essl. vat. pulla

[syn. Parmelia pulla Ach.] 1,7,8,9,12 Ls fqq ICEB, TU xer
N. pulla vax. delise; (Duby) R. Sant.

[syn. Neofuscelia delisei (Duby) Essl.] 1 Ls str Liiv & Piin 1996 xer
Nephroma parile (Ach.) Ach. 12 M st fq TU bor
Ochrolechia androgyna (Hoffm.) Arnold 3, 12 Ls, M fqq TU bor
O. arborea (Kreyer) Almb. 3 Tc st fq TU bor
Opegrapha rufescens Pers. 4,6 Td fq TU nem
O. varia Pers. 3,4 Td fq ICEB, TU nem
O. vulgata var. subsiderella Nyl. 3 Tc st fq ICEB mul
Pachyphiale fagicola (Hepp) Zwackh 1,2,3 Td r ICEB, TU mul
Parmelia saxatilis (L.) Ach. 6,7,8,9 Ls fqq ICEB, TU mul
P. sulcata Taylor 1,2, 3,4, Ls, Td fqq ICEB, TU mul

8, 911,12

Parmeliopsis ambigna (Wulfen) Nyl. 1,3,12,13 Tc, Td, W fqq ICEB, TU bor
Peltigera aphthosa (1..) Willd. 1,3 S fqq TU hypm
P. canina (L.) Willd. 1,3,4,5,7,9 S fqq ICEB, TU mul
P didactyla (With KJ R. Laundon

[syn. P. spuria (Ach.) DC\] 1,9 S fqq TU mul
P. hymenina (Ach.) Delise 1 S st fq ICEB bor
P. lencophlebia (Nyl.) Gyeln. 1 S fq ICEB hypm
P. malacea (Ach.) Funck 1,3, 11 S fq ICEB, TU bor
P. polydactyla (Neck.) Hoffm. 3,4,6 S fqq TU mul
P. rufescens (Weiss) Humb. 1,3,6,9,13 S fqq ICEB, TU mul
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Pertusaria albescens (Huds.) M. Choisy 7, 8, 11 Td fqq TU nem
P. amara (Ach.) Nyl. 3,9, 10,11 Tc, Td fqq TU nem
P. coccodes (Ach.) Nyl. 3,12 Td fqq TU nem
P. leioplaca DC. 1,3 Td fq ICEB, TU nem
Phaeophyscia nigricans (Florke) Moberg 1, 2, 12 F, Lm, Td fq ICEB hol
P. orbicularis (Neck.) Moberg 1,2,3,4,12 E Lc, Lm, Td fqq ICEB, TU mul
Phlyctis argena (Spreng.) Flot. %, %63,1 g, Tc, Td fqq ICEb, TU nem
Physcia adscendens (Fr.) H. Olivier 1,2,3,4,12 Tc, Td fqq ICEB, TU nem
P. aipolia (Humb.) Furnr. 3 Td fqq TU mul
P. caesia (Hoffm.) Firnr. 1, 8,10 Ls fqq ICEB, TU mul
P. dubia (Hoffm.) Lettau 1,2,8,9,13 Ls, Td fqq ICEB, TU mul
P. stellaris (1) Nyl 2,3,12 Td fqq ICEB, TU mul
P. tenella (Scop.) DC. var. tenella 2,3,4,6,12,13 Ls, Tc, Td fqq ICEB, TU nem
P. tenella var. marina (E. Nyl) Lynge 2,9 Ls fq ICEB, TU soc
Physconia detersa (Nyl.) Poelt 4 Td r Liiv & Piin 1996 bor
P. distorta (With.) ]. R. Laundon

[syn. P. pulverulacea Moberg] 2,3,4,8,11,13 'Td fqq ICEB, TU nem
P. enteroxantha (Nyl.) Poelt 2,3,4,12, 13 Td fqq ICEB, TU nem
P. perisidiosa (Exichsen) Moberg 4 Td fq Liiv & Piin 1996 nem
Placynthiella icmalea (Ach.)

Coppins & P. James 1,3,5,12 M, §, Te, W fqq ICEB, TU mul
P. uliginosa (Schrad) Coppins &

P. James [syn. Lecidea uliginosa

(Schrad.) Ach.] 1,2,3,8 M, W fq ICEB, TU mul
Placynthium nigrum (Huds.) Gray 1,3,5 Lc fq ICEB, TU mul
Platismatia glanca (L) W. L. Culb. & 1,2,3,4,

C.E Culfg. 5,8,9,12 Tc, Td fqq ICEB, TU mul
Polyblastia cupularis A. Massal. 1 Lc rr ICEB smon
P. gelatinosa (Ach.) Th. Fr. 5,8 M rr ICEB xer
Porpidia crustulata (Ach.) Hertel &

Knoph [syn. Huilia crustulata

(Ach.) Hertel] 3 Ls fq Allmie 1988 mul
P. macrocarpa (DC.) Hertel &

A. J. Schwab 3 Ls str TU mul
P. tuberculosa (Sm.) Hertel & Knoph

[syn. Huilia tuberculosa (Sm.) P. James] 3, 5 Ls r TU mul
Protoblastenia calva (Dicks.) Zahlbr. 1 Lc st ICEB hol
P. incrustans (DC.) J. Steiner 5 Lc rr ICEB smed
P. rupestris (Scop.) ]. Steiner 1,3,5,12 Lc fq ICEB, TU mul
Psendevernia furfuracea (1..) Zopf é, g, ‘;),1 5, Ls, Tc, Td, W fqq ICEB, TU mul
Psora decipiens (Hedw.) Hoffm. ? S st fq Trass 1967 xer
Ptychographa flexella (Ach.) Coppins 12 W NEW! ICEB ?
Ramalina dilacerata (Hoffm.) Hoffm. 2 Td stt ICEB bor
R. farinacea (1..) Ach. 2,3,4,7,12 Tc, Td fqq ICEB, TU nem
R. fastigiata (Pers.) Ach. 1,3,4,6,12 Tc, Td fqq ICEB, TU nem
R. fraxinea (L..) Ach. 2,3,4,12 Td fqq ICEB, TU nem
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R. pollinaria (\Westt.) Ach. 4 Td fqq Liiv & Piin 1996 mul
R. thrausta (Ach.) Nyl. 3,4,5 Tc fq TU bor
Rbizocarpon distinctum Th. Fr. 1,9 Ls st fq ICEB, TU bor
R. geographicum (L..) DC. 1,3,6,7,13  Ls st fq ICEB, TU mul
R. macrosporum Risinen 5 Ls r TU smon
R. obscuratum (Ach.) A. Massal. 3,12 Ls stt ICEB, TU bor
R. petraenm (Wulfen) A. Massal. 1 Ls r ICEB hol
R. polycarpum (Hepp) Th. Fr. 10 Ls r TU bor
Rimmnlaria insularis (Nyl.) Hertel & 1 on Lecanora st fq TU mul

Rambold rupicola

Rinodina bischoffii (Hepp) A. Massal. 1, 10 Lc st fq ICEB, TU mul
R. exigua Gray 1,3 Tc, Td fq ICEB, TU mul
R. immersa (Kotb.) Arnold 1 Lc stt ICEB, TU smed
R. sgphodes (Ach.) A. Massal. 1,2 Td fq ICEB, TU mul
Sagiolechia protuberans (Ach.) A. Massal. 1, 5,7 Lc st TU arc
Sarcogyne privigna (Ach.) A. Massal. 5 Lc rr TU mul
8. regularis Korb. 1,5,13 Lc st fq TU mul
Schismatomma periclenm (Ach.)

Branth & Rostr. 5 Tc str ICEB, TBA, TU bor
Scoliciospornm chlorococcum (Stenh.) Vezda 1, 2 Td, W fq ICEB bor
S. umbrinum (Ach.) Arnold 1 Ls stt ICEB bor
Stereocanlon paschale (L) Hoffm. 1,3,9,11 Ls fqq TU bor
S. tomentosum Fr. 6,12 S fqq TU bor
Strangospora moriformis (Ach.) Stein 2,8 W rr ICEB bor
Tephromela atra (Huds.) Kalb [syn.

canora atra (Huds.) Ach.] 1,5,7 Ls fqq TU mul
Thelidinm decipiens (Nyl.) Kremp. 1 Lc rr ICEB mul
Toninia sedifolia (Scop.) Timdal

[syn. T. caernleonigricans auct.] 1 S st fq TU xer
Trapeliopsis flexnosa (Fr.)

Coppins & P. James 1,3,8,12 S, Te, W fq ICEB, TBA, TU mul
T. granulosa (Hoffm.) Lumbsch 2,3 S, W fqq ICEB, TBA mul
Tuckermannopsis chlorophylla

(Willd.) Hale 1,3,7,11,12  T¢, Td fqq ICEB, TU bor
Unmibilicaria deusta (1..) Baumg, 7,12, 13 Ls fqq ICEB, TU smon
U. pohphylla (1) Baumg, 1,7,8,12,13 Ls fqq ICEB, TU smon
U. torrefacta (Light.) Schrad. 13 Ls st fq TU arc
Usnea filipendula Stirt. 2,3, 5 Tc fqq ICEB, TU mul
U. hirta (L) F. H. Wigg. é, ?,1 5,1 Z, Tc, Td, W fqq ICEB, TU bor
U. scabrata (Nyl.) T

[syn.U. prostrata Risinen] 3,5 Tc fq TU bor
U. subfloridana Stirt. 3,6,8 Tc fqq ICEB, TU bor
Verrncaria acrotella Ach. 8 Lc NEW! ICEB ?

V. caernleaDC. 1 Lc rr ICEB smon
V. calciseda DC. 1,5,8 Lc str ICEB smed
V. fuscella (Turner) Winch 1 Lc r ICEB hol
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V. glancina auct. 1 Lc r ICEB mul
V. maura Wahlenb. 10 Lc str TU soc
V. muralis Ach. 1,3,12,13 Lc fq ICEB, TU hol
V. nigrescens Pets. 1,3,5 Lc fq ICEB, TU hol
V. umbrinula Nyl. 12 Ls NEW! ICEB mul
V. viridula (Schrad.) Ach. 12 Lm rr ICEB mul
Vuipicida juniperina ).-E. Mattsson &
J Lai [syn. Cetraria juniperina () Ach] 1, 3, 8,13 Te, M fq ICEB, TU hypm

V. pinastri (Scop.) ].-E. Mattsson &

Mb J. Lai [syn. Cetraria

pinastri (Scop.) Gray] 1,2,11,12 Tc, Td, W fqq ICEB, TU bor
V. tubulosa (Schaer.) J.-E. Mattsson &

M. J. Lai [syn. Cefraria alvarensis

(Wahlenb.) Vain.] 1 Tc st fq TU ?
Xanthoparmelia conspersa (Ach.) Hale

[syn. Parmelia conspersa (Ach.) Ach., 1,5,7,8,

P plittii auct.] 9,12, 13 Ls fqq ICEB, TU mul
X. somloénsis (Gyeln.) Hale [syn.

Parmelia taractica auct.] 3,8,12,13 Ls fq ICEB, TU xer
Xanthoria candelaria (L.) Th. Fr. 1,2 Ls, Td, W fqq ICEB mul
X. fulva (Hoffm.) Poelt & Petutschnig 2 Td st ICEB ?
X. parietina (L.) Th. Fr. 1,2,3,9,12 F Ls, Tc, Td, W fqq ICEB, TU mul
X. polycarpa (Hoffm.) Rieber 1,2,3,4,12 Tc, Td, W fqq ICEB, TU hol

Randlane & Saag (1999) (see the legend to Ta-
ble 2). Eight species are reported as new to the
lichen flora of Estonia; 19 species belong to the
group of very rare, 22 - to rare, and 30 - to
rather rare lichens of Estonia. Thus there are
79 rare lichens in Vormsi altogether, which
have been found in 10 or less localities in the
whole Estonia. This constitutes about one quar-
ter of the entire local lichen flora.

The following lichenized taxa are new for
Estonia: Arthonia ligniaria, Catillaria
lenticularis, Chromatochlamys muscorum,
Leptogium diffractum, L. imbricatum,
Ptychographa flexella, Verrucaria acrotella and
V. umbrinula. Arthonia ligniaria was found
on wood and branches of Pinus sylvestris in
two localities (Hullo and Sviby) in the southern
part of Vormsi Island. The taxon is rather rare
in northern Europe - reported only from a few
provinces of Sweden (Santesson 1993) but not
known from Finland, Latvia, Lithuania or Nor-
way. Catillaria lenticularis has been earlier
reported from Estonia (Trass 1967: Island
Abruka, on wood, V. Rasanen) but this record
was a misidentification. Now the species was

found on calcareous stones on Rumpo Penin-
sula. The lichen is common throughout Europe
and is probably more widely spread in Estonia
as well, but has been overlooked here.
Chromatochlamys muscorum was collected
from mosses also on Rumpo Peninsula. This is
a widespread species which is easily recognized
due to its pale perithecia and large brown
ascospores. Still, the thallus is effuse and may
be overlooked; furthermore, the suitable
substrate (mosses) have not been sufficiently
studied in Estonia. Leptogium diffractum and
L. imbricatum both belong to the group of
species with small thalli. The former is a rather
rare taxon which is known in Sweden from
Gotland only and is included into the Red Data
Book of Sweden as a vulnerable lichen (Thor &
Arvidsson 1999); it is not reported from Fin-
land, Latvia, Lithuania or Norway. L. imbricatum
was described recently and is evidently widely
distributed in Europe on calcareous soil among
mosses (Jgrgensen 1994). Actually it has been
reported from Estonia by Jgrgensen (1994: Is-
land Saaremaa, peninsula of S6rve, Ldo, G.
Thor 8003) already but this record was over-
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looked while compiling “Second Checklist of
lichenized, lichenicolous and allied fungi of
Estonia” (Randlane & Saag 1999). Thus we re-
port L. imbricatum again as “new” to Estonia.
Both taxa were found in Vormsi on Rumpo Pe-
ninsula. Ptychographa flexella is a lirellate
lichen that grows on wood. It is known from
many European countries (Finland, Germany,
Great Britain, Slovakia, Sweden) but it is not
common anywhere and has been included in
the list of endangered lichens e.g. in Germany
(Wirth et al. 1996) and Slovakia (Pisut et al.
1996). In Vormsi the species was collected from
Sviby. Verrucaria acrotella and V. umbrinula
are both rather widely distributed in Northern
Europe (Finland, Lithuania, Norway, Sweden).
In Estonia the whole genus is poorly investi-
gated and thus the finding of these taxa in
Vormsi was not unexpected.

Nine ecological groups of lichens can be dis-
tinguished according to the substrate on which
they grow (see the legend to Table 2). Among
these, epiphytic species on deciduous trees and
epiphytic species on coniferous trees are the

most numerous (83 and 78 taxa accordingly).
Still, among rare lichens (frequency groups very
rare, rare and rather rare), the epilithic taxa
on calcareous and siliceous rocks form the big-
gest groups (22 and 15 accordingly of 79 rare
species). Almost half of all lichens growing on
calcareous rocks belong to the category of rare
taxa. The similar proportion is seen among li-
chens growing on mosses where 9 taxa of 22
are rare. Epiphytic lichens, although very nu-
merous in the flora in general, contain less rare
species. Rather a big group of taxa growing on
soil (54 species) includes only a few rare lichens
(5 species) (Fig. 2).

Geographical analysis

The system of geographical elements proposed
by H. Trass (1967, 1970) was used as a basis
for the evaluation of lichen taxa according to
their distribution. Recently published regional
checklists and other reviews (Froberg 1989;
Kopaczevskaja et al. 1977; Pisut et al. 1996;
Purvis et al. 1992; Santesson 1993; Vitikainen
et al. 1997; Wirth 1995) were studied to obtain
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Fig. 2. Share of rare lichens in different ecological groups (according to the substrate). Abbrevia-

tions as in the legend to Table 2.



additional information concerning distribu-
tional data. More detailed subdivision of
subelements and lower categories was not ap-
plied in the current study.

The following ten geographical categories
(geographical elements or conelements sensu
Trass) have been applied: arctic-alpine, hypo-
arctic-montane, boreal, nemoral, xerocontinen-
tal, submediterranean, submontane, suboce-
anic, holarctic, multiregional. Some species of
limited or poorly known distribution were in-
cluded into the category “general distribution
undetermined”. Assignment of species to the
elements listed above is presented in Table 2.

Multiregional (128 species), boreal (63 species),
nemoral (33 species), and holarctic (23 species)
elements are the biggest groups of lichen taxa
recorded in Vormsi Island (Fig. 3). This kind of
distribution of geographical elements is quite
expected as Estonia is situated in the vegeta-
tion zone of mixed boreo-nemoral forests.
Relative abundance of southerly distributed
lichens — xerocontinental and submediterra-
nean taxa (16 and 2 species respectively) - is
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connected with the presence of various xeric
habitats in Vormsi Island, e.g. alvars, moraine
deposits, outcrops of limestone, and beach
ridges composed of limestone, siliceous pebble
and sand. Arctic-alpine and hypo-arctic-
montane lichens of mainly northerly distribu-
tion are also numerous (12 and 5 species re-
spectively) and they often occur in the same
habitats. Trass (1963;1967) categorized some
of them (e.g. Flavocetraria cucullata for which
Vormsi is the only locality in Estonia) as
relictoids because their invasion and occur-
rence here cannot be connected with the gla-
ciers retreat or arctic period of climate in
holocene ca 10-12 000 years ago. As mentioned
above, the earliest fragments of Vormsi Island
emerged from the sea only 3000 years ago.
Rumpo Peninsula, which is one of the main
localities where northern as well as southern
species grow together, is still younger - its alti-
tude is only 4-5 m above sea level — and, there-
fore, this part of the island is supposed to have
emerged from the sea rather recently, about
1000-2000 years ago.
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Fig. 3. Share of rare lichens in different different geographical elements. Abbreviations as in the

legend to Table 2.
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Lichens belonging to the true oceanic ele-
ment, as treated by Degelius (1935) and later
by Jgrgensen (1996), are not present in the flora
of Vormsi Island (or in the entire Estonian li-
chen flora). Still, some taxa grow in the close
vicinity of the seashore only or prefer humid
areas further in inland. Such species are con-
sidered suboceanic. The suboceanic element
is surprisingly poor in Vormsi Island (5 taxa).

Species that mainly occur in the forest belts
of high mountains but some of which also pen-
etrate into the boreal or nemoral forests of plain
territories are assigned to the submontane el-
ement (Makarevich 1963; Trass 1970). There
are nine such species found in Vormsi Island
and most of them are epilithic.

The distribution of geographical elements
among rare (incl. very rare, rare and rather rare)
taxa is quite different from that of all taxa (Fig.
3). The share of rare lichens is largest in the
submediterranean, montane and arctic-alpine
elements while quite numerous multiregional
and nemoral elements include only a few rare
lichens. The group of species with limited or
poorly known distribution includes 8 rare taxa
of 9 in total. Still, this is quite understandable
as most of these species are rare also in other
countries and therefore their general distribu-
tion is not clear.

CONCLUSIONS

The lichen flora of Vormsi Island is rather rich
including 301 species and 4 infraspecific taxa.
Eight species are reported as new to the lichen
flora of Estonia while 19 species belong to the
group of very rare lichens with 1-2 localities
only in the whole Estonia. Among them arctic-
alpine Flavocetraria cucullata is the best known;
the occurrence of it together with several other
rare lichens on Rumpo Peninsula had served
as a motivation to establish the botanical re-
serve there in 1987. Diversity of habitats in-
cluding geologically young beach ridges seem
to be a cause of concentration of different li-
chen species on Rumpo Peninsula wherel69
lichenized taxa have been recorded on a rather
limited territory. This area must undoubtedly
be continuously protected also in the future.
Among different ecological groups of li-
chens, distinguished according to the substrate
where the taxa grow, epiphytic species are the

most numerous. Still, the group of epilithic li-
chens includes considerably more rare species.
This is partly due to the fact that epilithic taxa
are less thoroughly investigated in the whole
of Estonia. Furthermore, the calcareous and
siliceous rocks probably serve as a suitable
substrate for several lichens not quite usual in
our area and therefore the share of really rare
taxa might also be significant among epilithic
species.

Distribution of geographical elements in the
lichen flora of Vormsi Island is not unusual for
Estonia. Species of both southerly and north-
erly distribution are present. The reason for
the relative richness of lichens preferring xeric
conditions is connected with the abundance of
dry habitats on moraine formations, well
drained rocky and sandy soils, and limestone
outcrops. The occurrence of several arctic-al-
pine, hypo-arctic-montane and submontane
lichens in Vormsi can be explained by the dis-
tribution of their propagules with migratory
birds whose migratory tracks pass the western
islands of Estonia. Abundance of geologically
recently exposed substrates where only pioneer
stages of vegetation succession have been de-
veloped might also be of importance.
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Studies on lichenicolous fungi in Lithuania
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Abstract: Studies on lichenicolous fungi in Lithuania are reviewed in the paper. A list of 44 fungus species occurtring on
lichens in this country is presented, the distribution of some species is discussed as well as the occurrence of the fungi on

different host genera.

Kokkuvéte: . Motiejunaite. Lihhenikoolsetest seentest Leedus.

Esitatakse lihike tilevaade Leedu lihhenikoolsetest seentest. Lisatud on nimekiri 44 seeneliigist, mis kasvavad samblikel.
Kisitletakse monede liikide levikut ja esinemist erinevatel peremeesorganismidel.

INTRODUCTION

Lichenicolous fungi are receiving continuously
increasing attention in many countries during
the recent years. Checklists of lichens, pub-
lished during the last decade in various coun-
tries now frequently include lichenicolous fungi
(e. g., checklists of Nordic countries (Santesson,
1993; Vitikainen et al., 1997), Poland
(Faltynowicz, 1993), Ukraine (Kondratyuk et al.,
1998), Estonia (Randlane & Saag, 1999). How-
ever, in spite of increasing study activities, the
distribution of these fungi is still rather poorly
known even in Europe. Lithuania makes no
exception in this. Till the last decade of this
century only 5 species of lichenicolous fungi
were registered in a single paper dealing with
this fungal group (Michalski, 1937). Especially
during the last several years while preparing
the checklist of lichens and allied fungi of
Lithuania (Motiejunaite, in press) attention was
paid also to the studies of lichenicolous fungi
(e. g., Motiejunaite & Miadlikowska, 1998;
Motiejunaite et al., 1998; Motiejunaite, 1999)
which resulted in a rapid increase of the
number of known species in this country.

RESULTS AND DISCUSSION

In total 44 species of fungi occurring on lichens
were registered so far in Lithuania, among them
four species of Hyphomycetes, 13 species of
Coelomycetes, 20 species of Ascomycetes, six
taxa of Basidiomycetes and one member of
Myxomycetes (see the species list below). These

fungi were registered on 57 host species of 26
genera. Almost all fungi were found on com-
mon to ubiquitous lichen hosts, with the ex-
ception of Muellerella pygmaea, which was re-
corded on a rather rare Porpidia cinereoatra and
Rhizocarpon obscuratum which is also not very
common in Lithuania. Most of the lichenicolous
fungi are more or less host-specific: e. g.,
Xanthoriicola physciae is found only on
Xanthoria parietina, Clypeococcum
hypocenomycis grows only on Hypocenomyce
scalaris. Some of them are restricted to a cer-
tain host genus: e. g., Karsteniomyces
peltigerae to Peltigera (in Lithuania registered
on P. praetextata and P. rufescens), Tremella
cladoniae to Cladonia (in Lithuania registered
on C. fimbriata and C. coniocraea),
Sphaerellothecium propinquellum to Lecanora
carpinea group (in Lithuania found on L.
carpinea). There are of course also species
showing wide host spectra, and in fact these
are often aggressive pathogens, e. g., Athelia
arachnoidea which kills various epiphytic li-
chens, especially Lecanora conizaeoides,
Scoliciosporum chlorococcum and species of the
Xanthorion communities, and Lichenoconium
erodens, which in Lithuania was found on eight
host species belonging to six different genera.
In most cases a single lichenicolous species was
found on one thallus of the host, though some
species were also found growing together: i. e.,
Pronectria erythrinella + Nectria lecanodes on
Peltigera canina, Lichenoconium lecanorae + L.
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erodens on Hypogymnia physodes, Phacopsis
oxyspora + Abrothallus cetrariae on Platismatia
glauca. Quite often also various unidentified
species of Hyphomycetes were found growing
on the same host thalli, being probably partly
saprobic or a secondary infection.

Different genera of the hosts (Table 1.) dif-
fer in the number of lichenicolous fungi found
on them. The widest range of lichenicolous spe-
cies was registered on the genus Peltigera,
which is explained by the fact that Peltigera
represents an ancient group of lichens and
therefore a large number of lichenicolous fungi
was associated with this genus during the
course of evolution (Hawksworth, 1982), also
the lack of metabolite barrier (most of the hosts
are tomentose, acid-deficient species), the fact
which was noted by several authors (Vitikainen,
1994; Hawksworth & Miadlikowska, 1997 for
Peltigera, and Kondratyuk & Galloway, 1995
for Pseudocyphellaria, Peltigerales) and partly
by the fact that peltigericolous fungi are espe-
cially actively studied lately and therefore are
relatively well-screened (e. g., Hawksworth,
1980; Miadlikowska & Alstrup, 1995;
Hawksworth & Miadlikowska, 1997; Martinez
& Hafellner, 1998). Many lichen genera shown
in the table hosted only a single lichenicolous
species. In some cases (e. g., Buellia
griseovirens, Scoliciosporum chlorococcum,
Phlyctis argena, Lecidella elaeochroma) the
same species — Athelia arachnoidea — was reg-
istered on them, others (e. g., Acarospora
fuscata, Hypocenomyce scalaris, Usnea
subfloridana) hosted specific fungi (Polycoccum
microsticticum, Clypeococcum hypocenomyecis,
and Biatoropsis usnearum respectively).

The known distribution of the lichenicolous
fungi in Lithuania differs significantly from
species to species. Whereas for example
Lichenoconium erodens is known from 14 lo-
calities, Clypeococcum hypocenomycis is so far
reported from five localities. On the other hand,
Polycoccum microsticticum and Vouauxiomyces
santessonii are known from single localities,
Phacopsis oxyspora and Abrothallus cetrariae
are also known from one locality, both from
60-year old collection. Phoma peltigerae and
Scutula miliaris are known only from literature
data (Michalski, 1937).

Table 1. Number of lichenicolous fungi spe-
cies registered on the host genera

Host genus ~ Number of lichenicolous species

Acarospora
Anaptychia
Buellia
Candelariella
Chaenotheca
Cladonia
Hypocenomyce
Hypogymnia
Lecania
Lecanora
Lecidella
Parmelia s. 1.
Parmeliopsis
Peltigera 1
Phaceophyscia
Phlyctis
Physcia
Physconia
Platismatia
Porpidia
Ramalina
Rhbizocarpon
Scoliciospornm
Trapeliopsis
Usnea
Xanthoria
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In all three Baltic countries studies of
lichenicolous fungi are in their very beginnings.
In Lithuania and Estonia almost equal num-
bers of species are known: in Lithuania 38 spe-
cies of strictly lichenicolous fungi are registered
(511 species of lichens and allied fungi in to-
tal), in Estonia — 47 species (866 species of li-
chens and allied fungi in total (Randlane &
Saag, 1999; Halonen et al., 2000)). From Latvia
only two species of lichenicolous fungi have
been recorded so far (Motiejunaite & Piterans,
1998). Little is known about the distribution of
the lichenicolous species and some groups of
fungi (namely Hyphomycetes and Basidiomyc-
etes) remain much understudied.



List of lichenicolous fungi recorded in
Lithuania

The nomenclature in the list follows mainly
Santesson (1993), except for the recently
monographed taxa and the listed myxomycete.
Asterisk (*) marks the species facultatively oc-
curring on lichens.

HYPHOMYCETES

BisporA cHRISTIANSENI D. Hawksw.

ILLOSPORIUM CARNEUM Fr.

TRIMMATOSTROMA LICHENICOLA M. S. Christ. & D.
Hawksw.

XanTHORIICOLA PHYsCIAE (Kalchbr.) D. Hawksw.

COELOMYCETES

EricLaDONIA sanDsTEDEI (Zopf) D. Hawksw.

KarsTENIOMYCES PELTIGERAE (P. Karst.) D. Hawksw.
(anamorph of Scutula miliaris)

LIBERTIELLA MALMEDYENSIS Speg. & Roum.

LicHENocONIUM ERODENS M. S. Christ. & D.
Hawksw.

LicHENOCcONIUM LECANORAE (Jaap) D. Hawksw.

LicHENOCONIUM PYXIDATAE (Oudem.) Petr. & Sydow

LicHENOCONIUM UsSNEAE (Anzi) D. Hawksw.

LICHENOCONIUM XANTHORIAE M. S. Christ.

LicHENODIPLIS LECANORAE (Vouaux) Dyko & D.
Hawksw.

PHomA cyTospora (Vouaux) D. Hawksw.

PHoma peLTIGERAE (P. Karst.) D. Hawksw.

VOUAUXIELLA LICHENICOLA (Linds.) Petr. & Sydow

VOUAUXIOMYCES SANTEssoNll D. Hawksw.
(anamorph of Abrothallus cetrariae)

ASCOMYCETES

ABROTHALLUS BERTIANUS De Not.

ABROTHALLUS CETRARIAE C. Kotte

ARTHONIA GALACTINARIA Leight.

CHAENOTHECOPSIS CONSOCIATA A. F. W. Schmidt

CLyPEOCOCCUM HYPOCENOMYCIS D. Hawksw.

CorTICIFRAGA FUckeLll (Rehm) D. Hawksw. & R.
Sant.

CorTicIFRAGA PELTIGERAE (Nyl.) D. Hawksw. & R.
Sant.

*DIPLOSCHISTES MUSCORUM (Scop.) R. Sant.

*LECANORA DISPERSA COll.

LicHENOCHORA oBscUROIDEs (Linds.) Triebel &
Rambold

MUELLERELLA pYGMAEA (KOrb.) D. Hawksw.

*MycoBILIMBIA SABULETORUM (Schreb.) Hafellner
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NEcTRIA LECANODES Cesati

PHacorsis oxyspora (Tul.) Triebel & Rambold

PoLvycoccum microsTicTicum (Leight. ex Mudd)
Arnold

ProNECTRIA ERYTHRINELLA (Nyl.) Lowen

*SArcosAGluM cAMPESTRE (Fr.) Poetsch & Schied

ScutuLAa miLiaris (Wallr.) Trevis.

SPHAERELLOTHECIUM PROPINQUELLUM (Nyl.) Roux &
Triebel

TRICHONECTRIA HIRTA (Bloxam) Petch

BASIDIOMYCETES

*ATHELIA ARACHNOIDEA (Berk.) Julich

BiaToOROPSIS USNEARUM R&sanen

SyzvcosporA BACHMANII Diederich & M. S. Christ.
SyzvyGosPORA PHYsCIACEARUM Diederich

TReMELLA cLADONIAE Diederich & M. S. Christ.
TREMELLA PHAEOPHYSCIAE Diederich & M. S. Christ.

MyYXOMYCETES
*LEOCARPUS FRAGILIS (Dicks.) Rostaf.

AKNOWLEDGEMENTS

The author expresses her sincerest gratitude
to an anonymous reviewer for the valuable com-
ments on the manuscript.

REFERENCES

Faltynowicz, W. 1993. A checklist of Polish lichen
forming and lichenicolous fungi including para-
sitic and saprophytic fungi occurring on lichens.
Polish Bot. Stud. 6: 1-65.

Halonen, P., L6hmus, P., Kukwa, M., Motiejunaite,
J. & Martin, L. 2000. Notes on lichens and
lichenicolous fungi found during the XIV Sym-
posium of Baltic Mycologists and lichenologists
in Jarvselja, Estonia. Folia Cryptog. Estonica 36:
17-21.

Hawksworth, D. L. 1980. Notes on some fungi oc-
curring on Peltigera with a key to accepted spe-
cies. Trans. British Mycol. Soc. 74: 363-386.

Hawksworth, D. L. 1982. Co-evolution and the de-
tection of ancestry in lichens. Journ. Hat. Bot.
Lab. 52: 323-329.

Hawksworth, D. L. & Miadlikowska, J. 1997. New
species of lichenicolous fungi occurring on
Peltigera in Ecuador and Europe. Mycol. Re-
search 101: 1127-1134.

Kondratyuk, S. & Galloway, D. J. 1995. Lichenicolous
fungi and chemical patterns in
Pseudocyphellaria. Bibl. Lichen. 57: 327-345.



86 Folia Cryptog. Estonica

Kondratyuk, S. Ya., Khodosovtsev, A. Ye. & Zelenko,
S. D. 1998. The second checklist of lichen form-
ing, lichenicolous and allied fungi of Ukraine.
Phytosociocentre, Kiev. 180 pp.

Martinez, I. & Hafellner, J. 1998. Lichens and
lichenicolous fungi on Peltigerales in the Iberian
peninsula and the Canary Islands. Mycotaxon
69: 271-310.

Miadlikowska, J. & Alstrup V. 1995. Some
peltigericolous fungi and lichens mainly from
Poland. Graphis scripta 7: 7-10.

Michalski, A. 1937. Grzybki pasozytnicze na
porostach [Parasitic fungi on lichens]. Acta Soc.
Bot. Poloniae 14(1): 45-48.

Motiejunaite, J. 1999. Dzukijos nacionalinio parko
kerpes ir su jomis susije grybai [Lichens and
allied fungi of Dzukija National Park]. Botanica
Lithuanica 5(2): 137-153.

Motiejunaite, J. 1999. Checklist of lichens and al-
lied fungi of Lithuania. Botanica Lithuanica 5(3):
251-269.

Motiejunaite, J. & Miadlikowska, J. 1998. Revised
list of the genus Peltigera (lichenized
Ascomycotina) and peltigericolous fungi from
Lithuania. Acta Mycol. 33(2): 307-316.

Motiejunaite, J., Nordin, A., Zalewska, A., Bjelland,
T., Hedens, H., Westberg, M., Heidmarsson, S.
& Prigodina, I. 1998. Materials on lichens and
allied fungi of Neringa National Park (Lithuania).
Botanica Lithuanica 4(3): 285-305.

Motiejunaite, J. & Piterans, A. 1998. Materials on
lichens and allied fungi of Kemeri National Park
(Latvia). Botanica Lithuanica 4(2): 187-196.

Randlane, T. & Saag, A. (eds) 1999. Second check-
list of lichenized, lichenicolous and allied fungi
of Estonia. Folia Cryptog. Estonica 35: 1-132.

Santesson, R. 1993. The lichens and lichenicolous
fungi of Sweden and Norway. SBT-forlaget, Lund.
240 pp.

Vitikainen, O. 1994. Taxonomic revision of Peltigera
(lichenized Ascomycotina) in Europe. Acta Bot.
Fennica 152: 1-96.



Folia Cryptog. Estonica, Fasc. 36: 87-94 (2000)

Nuclear DNA content and spore dimension in some species
of the genus Cystoderma

Itja Saar'” & Bellis Kullman®
!'Institute of Botany and Ecology, University of Tartu, 40 Lai St., 51005, Tartu, Estonia. E-mail: itja@zbi.ce
*Institute of Zoology and Botany, Estonian Agticultural University, 181 Riia St., 51014, Tartu, Estonia.
E-mail: bellis@zbi.ee

Abstract: Six species of the genus Cystoderma have been found in Estonia: C. adnatifolium, C. amianthinum, C. carcharias, C.
granutosum, C. jasonis and C. ferreii. Specimens have been collected in Estonia, Finland, Latvia, Norway and Sweden. Their
genome size and ploidy levels were estimated. In this genus three ploidy levels (2x, 3x, 6x) were represented. The species
C. amianthinum (29.5 Mb), C. carcharias (25.3 Mb) and C. jasonis (25.9 Mb) are on a 2x ploidy level; the species C. adnatifolinm
(35.9 Mb) and C. granulosum (37.3 Mb) are on a 3x ploidy level; the species C. ferreii (65.4 Mb) is on a 6x ploidy level. The
DNA content of the species on the 2x ploidy level (C. amianthinum, C. carcharias and C. jasonis) was statistically different
only in case of C. amianthinum. The species C. adnatifolinm & C. granunlosum on 3x level did not have a statistically different
DNA content. The spore length and width was measured in 303 specimens to estimate their variation between species. For
all studied species differences in spore width and/or length became statictically significant. Correlation between DNA
count and spore volume (r=-0.58), spore length (r=-0.55) and width (+r=-0.61) within genus is negative; it means that
species with larger spores have lower DNA content than species with smaller spores.

Kokkuvote: Tuuma DNA sisaldus ja eoste suurus perckonna pisisirmik (Cystoderma) monedel liikidel.

Eestist on leitud kuus pisisitmiku (Cystoderma) liiki: C. adnatifolinm, C. amianthinum, C. carcharias, C. granunlosum, C. jasonis ja C.
terreii. Herbaareksemplarid on kogutud Eestist, Soomest, Litist, Norrast ja Rootsist. Neil liikkide] méodeti DNA sisaldus ja
tehti kindlaks ploidsusaste. Uuritud liikidel esines kolm ploidsusastet (2x, 3x, 6x). Ploidsusastmel 2x on liigid: C. amianthinum
(29.5 Mb), C. carcharias (25.3 Mb) ja C. jasonis (25.9 Mb); ploidsusastmel 3x liigid C. adnatifolium (35.9 Mb) ja C. granunlosum
(37.3 Mb) ning ploidsusastmel 6x liik C. erreii (65.4 Mb). Ploidsusastmel 2x olevatest liikidest (C. amianthinum, C. carcharias
ja C. jasonis) oli DNA sisaldus teistest statistiliselt erinev liigil C. amianthinum. Ploidsusastmel 3x olevate liikide C. adnatifolium
ja C. granulosum DNA sisaldus polnud teineteisest statistiliselt erinev. 303 herbaareksemblaril méddeti eoste pikkus ja laius,
et kindlaks teha nende liikidevahelist varieeruvust. Selgus, et koigil uuritud litkidel oli eoste laius ja/voi pikkus teistest
liikidest statistiliselt erinev. Korrelatsioon DNA sisalduse ja coste ruumala (r=-0.58), pikkuse (r=-0.55) ning laiuse (r=-
0.61) vahel selles perekonnas on negatiivne, s. t suuremate costega liikidel on viiksem DNA sisaldus kui viiksemate
costega liikidel.

INTRODUCTION

Polyploidy in higher plants plays an important
role in evolution and speciation (Stebbins,
1971; Grant, 1984). Evidence of polyploidy in
fungi is known as well (Rogers, 1973; Bresinsky
et al., 1987; Wittmann-Meixner & Bresinsky,
1989; Weber & Bresinsky, 1992). At the same
time, studying chromosome numbers is diffi-
cult, because the fungal chromosomes are gen-
erally very small, therefore they are hard to
separate and to count by the light microscope
(Rogers, 1973). Alternative methods for obtain-
ing ploidy levels use microspectrophotometry
based on Feulgen staining (Peabody et al., 1978)

and cytofluorometry based on fluorochrome
staining (Bresinsky et al., 1987; Wittmann-
Meixner & Bresinsky, 1989; Weber &
Bresinsky, 1992; Bresinsky & Wittmann-
Bresinsky, 1995). In the 90s flow cytometry is
being used, as a convenient and rapid method
for estimation of genome size, especially for
plant research (Bennett & Leitch, 1995, 1997).
Genome size as a quantitative character of an
organism is relatively constant and tends to be
highly characteristic of a species, which makes
it a useful character in systematics (Bennett &
Leitch, 1998).
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The aim of the present study was to estimate
genome size and to determine ploidy level as
well as to measure spore dimensions to deter-
mine difference between the species of the ge-
nus Cystoderma.

MATERIAL AND METHODS

All studied species have been found in Esto-
nia, specimens used in this study have been
collected in Estonia, Finland, Latvia, Norway
and Sweden.

The specimens whose DNA content was
measured are marked with an asterisk (*).
C. adnatifolium (Peck) Harmaja
Estonia: lda-Virumaa Co., Kassisare, 17.08.61, K.
Kalamees (TAA 72586); Vérumaa Co., Meeksi,
30.09.97, K. Kalamees (TAA 147843)*; Vérumaa Co.,
Meeksi, 30.09.97, |. Saar (TAA 147335, 147339,
147340, 147341); Vérumaa Co., Meeksi, 30.09.97,
K. Kalamees (TAA 147846); Vorumaa Co., Uigumae,
01.10.97, I. Saar (TAA 147343)*; Tartumaa Co.,
Laeva, 23.10.97, M. Vaasma (TAA 171701)*. Finland:
Punkaharju, 20.08.56, R. Tuomikoski (H);
Vankalahti, 04.10.70, L. Fagerstrom (H); Lemland,
Jungfruskar, 17.08.74, C-A. Heeggstrom (H);
Kuusamo, Oulanka, 30.08.77, M. Korhonen, R.
Tuomikoski (H); Lammi, Mataramaki, 24.09.77, R.
Tuomikoski (H); Karkkila, Haavisto, 22.09.79, |I.
Kytévuori (H 79864); Melalahti, 29.08.81, I. Kytovuori
(H); Liikasenvaara, 04.09.81, |. Kytévuori (H 811135);
Liikasenvaara, Korvaswaara, 10.09.81, K. Kalamees
(TAA 122115); Liikasenvaara, 11.09.81, K. Kalamees
(TAA 122162); Susiniemi, 20.09.81, I. Kytévuori (H
811445); Kiuruvesi, Jynkka, 19.09.82, |. Kytovuori
(H 82497); Nilsia, Kalkkiruukki, 08.09.83, I.
Kytoévuori (H 83229); Niinivaara, 29.08.85, I.
Kytovuori (H); Italiankyld, 31.08.85, I. Kytévuori (H
85595); Nurmijarvi, 13.09.87, P. Askola, H. Harmaja
(H 2227); Etela-Savo, Karhunpaéa, 16.09.89, I.
Kytévuori (H 89-918); Sompion Lappi, Téhtela,
24.08.92, |. Kytovuori (H 92-957); Sompion Lappi,
Viitaranta, 25.08.92, |. Kytoévuori (H 92-1017);
Sompion Lappi, Sadankyla, 27.08.92, |. Kytévuori
(H 92-1155)*; Etela-Karjala, Kaipiainen, 15.09.94,
I. Kytévuori (H 94-531); Etela-Savo, Karankamaki,
29.09.94, |. Kytdvuori (H 94-1087); Tampere, 10.97,
M. Rantala (TAA 147356)*; Tampere, 10.97, M.
Rantala (TAA 147357); Nokia, Tottijarvi, 17.10.97,
L. Kosonen (TAA 147360)*; Porvoo, Teissala,
09.10.97, P. Hoijer (TAA 147381)*; Askola, 13.10.97,
P. Hoijer (TAA 147385). Latvia: Maczalaca, Ramota,
09.10.97, K. Kalamees (TAA 147895); Renceni,
07.10.97, K. Kalamees (TAA 147881).

C. amianthinum (Scop.) Konrad & Maubl.
Estonia: Tartumaa Co., Variku, 09.10.46, N.
Witkovski (TAA 142331, 114426); P6lvamaa Co.,

Laessaare, 25.09.55, K. Kalamees (TAA 70133);
P6lvamaa Co., Taevaskoja, 16.10.55, K. Kalamees,
Partelpoeg (TAA 70204); P6lvamaa Co., 08.09.56, K.
Kalamees (TAA 70344); Harjumaa Co., Nissi,
18.09.57, K. Kalamees (TAA 70665); Vérumaa Co.,
Vungi, 27.09.57, K. Kalamees (TAA 70719); Laane-
Virumaa Co., Raeklla, 08.08.58, K. Kalamees (TAA
70966); Harjumaa Co., Kulvandu, 18.09.58, U.
Kalamees (TAA 50576); Pdlvamaa Co., Veskimdisa,
14.09.59, K. Kalamees (TAA 71363); Laane-Virumaa
Co., Kolja, 16.09.59, U. Kalamees (TAA 51271);
Harjumaa Co., between Pirga and Priske, 15.11.59,
U., K. Kalamees (TAA 71557); J6gevamaa Co., Aru,
24.09.60, K. Kalamees (TAA 71857); P6lvamaa Co.,
Saesaare, 10.09.61, S. Kask (TAA 263100); Tartumaa
Co., Rannakiila, 04.10.61, K. Kalamees (TAA 72655);
Jdgevamaa Co., Ringa, 25.09.65, U. Kalamees (TAA
52248); J6gevamaa Co., Vooremaa, 70, K. Kalamees,
A. Kollom (TAA 82455); Saaremaa Co., Kihelkonna,
07.09.79 (TAA 113400); Vérumaa Co., Sarukiila,
29.09.80, M. Paas (TAA 142330); Saaremaa Co.,
Kaali, 07.10.83 (TAA 141097); Saaremaa Co.,
Kessulaid, 10.10.83, K. Kalamees (TAA 123304);
Laadnemaa Co., Vormsi, Fallarna, 20.09.86, K.
Kalamees (TAA 143437); Harjumaa Co., Kasmu,
22.08.89, |. Kytoévuori (H 89-222); Tartumaa Co.,
Ahunapalu, Apnasaar, 07.10.89, K. Kalamees (TAA
144411); Saaremaa Co., Harilaid, 12.09.93, I.
Kytovuori (H 93-1062); Saaremaa Co., Selgase,
16.09.93, K. Kalamees (TAA 146052); Laanemaa Co.,
Dirhami, 06.10.93, K. Kalamees (TAA 146114);
Pdlvamaa Co., Taevaskoja, 20.10.93, K. Kalamees
(TAA 146163); Tartumaa Co., Kabina, 14.10.95, I.
Saar (TAA 147300)*; Jarvamaa Co., Huuksi,
22.09.95, M. Vaasma (TAA 142717, 142718);
Jarvamaa Co., between Aela and Virla, 23.09.95, M.
Vaasma (TAA 142733); Harjumaa Co., Paimetsa,
25.09.95, M. Vaasma (TAA 142741); Harjumaa Co.,
Jarlepa, 27.09.95, M. Vaasma (TAA 142781);
Harjumaa Co., Paunkila, 28.09.95, M. Vaasma (TAA
142786); Harjumaa Co., Paunkula, 28.09.95, M.
Vaasma (TAA 142786); Pdlvamaa Co., Taevaskoja,
07.10.95, K. Kalamees (TAA 146707); P6lvamaa Co.,
Kiidjarve, 15.10.95, I. Saar (TAA 147303); Tartumaa
Co., Ahunapalu, 29.10.95, K. Kalamees (TAA
146736, 146737); Laane-Virumaa Co., Tudu-
Jarvesoo, 96, T. Ploompuu (TAA 147241); Saaremaa
Co., Audaku, 03.10.96, V. Liiv, J. Lumiste, |. Saar
(TAA 147304); Saaremaa Co., Audaku, 03.10.96, I.
Saar (TAA 147305); Saaremaa Co., Selgase, 05.10.96,
|I. Saar (TAA 147308); Tartumaa Co., Tollassaare,
10.10.96, M. Vaasma (TAA 142905); Vérumaa Co.,
Hino, 12.10.96, I. Saar (TAA 147321)*; V6rumaa Co.,
Kuklase, 11.10.96, |. Saar (TAA 147311); Vérumaa
Co., Luutsniku-Lehelaane, 11.10.96, |. Saar (TAA
147314, 147316, 147317); Vérumaa Co., Hino,
12.10.96, I. Saar (TAA 147320, 147322); Tartumaa
Co., Sellisaare, 17.10.96, K. Leenurm, |. Saar (TAA
147325, 147326); Valgamaa Co., Hargla, 17.10.96,
18.10.96, K. Kalamees (TAA 147293, 147297,



147515, 147517, 147518); Poélvamaa Co.,
Taevaskoja, 02.11.96, K. Kalamees (TAA 147566,
147567, 147568); Voérumaa Co., Meeksi, 30.09.97,
I. Saar (TAA 147342)*; Vorumaa Co., Kutiorg,
03.10.97, A. Kollom, V. Liiv, |. Saar (TAA 147347,
147348, 147350)*; Tartumaa Co., Selgase, 23.07.97,
K. Kalamees (TAA 147983); Vorumaa Co., Kutiorg,
03.10.97, M. Vaasma (TAA 147351); Vérumaa Co.,
Meeksi, 30.09.97, K. Kalamees (TAA 147848,
147844, 147847); Vérumaa Co., Kutiorg, 03.10.97,
K. Kalamees (TAA 171760); Jogevamaa Co., Voiviku,
27.09.97, M. Vaasma (TAA 171618); Parnumaa Co.,
Nigula Nature Reserve, Salupeaksi, 19.09.98, K.
Kalamees (TAA 147989); Valgamaa Co., Aakre,
04.08.98, K. Leenurm (TAA 147386)*; Valga Co.,
Aakre, 09.08.98, B. Kullman (TAA 147388)*;
Tartumaa Co., Trepimée, 13.09.98, B. Kullman (TAA
147397); P6lvamaa Co., Mooste, 06.09.98, B.
Kullman (TAA 157979). Finland: Tampere, 10.97, M.
Rantala (TAA 147358)*; Kuhmalahti, 27.10.97, M.
Rantala (TAA 147364); Luopioinen, 28.10.97, M.
Rantala (TAA 147365); Kangasala, 10.10.97, M.
Rantala (TAA 147371, 147372); Tampere,
Kivitulampi, 01.11.97, M. Rantala (TAA 147376,
147377); Tampere, 22.08.98, |. Saar (TAA 147389,
147390). Latvia: Renceni, 07.10.97, K. Kalamees
(TAA 147880)*; Saule, 08.10.97, K. Kalamees (TAA
147884); Saule, 08.10.97, K. Kalamees (TAA
147886)*; Maczalaca, Ramota, 09.10.97, K.
Kalamees (TAA 147896); Puiku, 10.10.97, K.
Kalamees (TAA 147897); Rozeni, 10.10.97, K.
Kalamees (TAA 147898). Norway, between
Trondheim and Heimdal, 08.08.95, K. Kalamees, V.
Liiv (TAA 146531, 146543); between Troms and
Metlevoll, 12.08.95 (TAA 146546). Sweden: Oden,
28.08.98, |. Saar (TAA 147395); Hudiksvall,
28.08.98, I. Saar (TAA 147396); Gotland, Kambs
Gard, 04.10.98, K. Kalamees (TAA 147950); Gotland,
Halla, 04.10.98, M. Vaasma (TAA 172016, 172019);
Gotland, Aminne, 05.10.98, M. Vaasma (172029);
Gotland, Russvatar, 06.10.98, M. Vaasma (172041).

C. carcharias (Pers.) Konrad & Maubl.

Estonia: P6lvamaa Co., Taevaskoja, 06.11.55, K.
Kalamees (TAA 70231); Harjumaa Co., Nissi,
18.09.57, K. Kalamees (TAA 70664); Laane-Virumaa
Co., Viitna, 18.09.59, U. Kalamees (TAA 51292);
Harjumaa Co., Kongulaane, 14.11.59, U., K.
Kalamees (TAA 71549); Jdégevamaa Co., Mdisamaa,
27.09.60, U., K. Kalamees (TAA 71897); Jogevamaa
Co., Lentsi, 27.12.60, K. Kalamees (TAA 72082);
habitat unknown, 19.09.63, U. Kalamees (TAA
51638); Laane-Virumaa Co., Antu, 24.09.65, U.
Kalamees (TAA 52255); J6gevamaa Co., Vooremaa,
13.10.72, K. Kalamees, A. Kollom (TAA 114206,
114208); Laane-Virumaa Co., Viitna, 25.10.77, L.
Pihlik (TAA 95672); Vdérumaa Co., Térvasoja,
16.08.80, M. Paas (TAA 142333); Vdorumaa Co.,
Sarukila, 29.09.80, M. Paas (TAA 142332);
Jarvamaa Co., between Aela and Virla, 23.09.95, M.
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Vaasma (TAA 142730); Harjumaa Co., Paunkiila,
28.09.95, M. Vaasma (TAA 142787); Harjumaa Co.,
Leistu, 28.09.95, M. Vaasma (TAA 142798);
Harjumaa Co., Juri, 03.10.95, K. Merisalu (TAA
142807); Pdlvamaa Co., Taevaskoja, 07.10.95, K.
Kalamees (TAA 146708, 146708A); Tartumaa Co.,
Muri, 08.10.95, K. Kalamees, J. Vauras (TAA 146721,
146722); Tartumaa Co., Kabina, 14.10.95, |. Saar
(TAA 147301); Pdlvamaa Co., Kiidjarve, 15.10.95, I.
Saar (TAA 147302); Tartumaa Co., Ahunapalu,
Apnasaar, 29.10.95, K. Kalamees (TAA 146735,
146733); Saaremaa Co., Audaku, 03.10.96, |. Saar
(TAA 147306); Saaremaa Co., Kihelkonna, 04.10.96,
I. Saar (TAA 147307); Saaremaa Co., Selgase,
05.10.96, K. Kalamees; |I. Saar (TAA 147185,
147309); Saaremaa Co., Muhu, 06.10.96, N.
Lundgvist (TAA 147310); Vérumaa Co, Luutsniku-
Lehelaane, 11.10.96, I. Saar (TAA 147312, 147313,
147315); Vérumaa Co., Kokemae, 12.10.96, |. Saar
(TAA 147318); Vérumaa Co., Hino, 12.10.96, I. Saar
(TAA 147319); Vérumaa Co., Jarvekila, 12.10.96,
K. Leenurm (TAA 147323); Tartumaa Co., Lootvina,
26.10.96, B. Kullman (TAA 147327); Pélvamaa Co.,
Taevaskoja, 02.11.96, K. Kalamees (TAA 147566);
Vérumaa Co., Vallamagi, 13.10.96, |. Saar (TAA
147324)*; Tartumaa Co., Vdiviku, 05.11.96, H. Jarv
(TAA 147328); Pdlvamaa Co., Karisilla, 10.11.96, I.
Saar (TAA 147329); Jarvamaa Co., Peetri, 05.12.96,
K. Kalamees (TAA 147330); Harjumaa Co., Viimsi,
Ranna, 06.12.96, K. Kalamees (TAA 147331);
Vérumaa Co., Meeksi, 30.09.97, |I. Saar (TAA
147334)*; Vérumaa Co., Vallaméagi, 02.10.97, P.
Hoijer (TAA 147345)*; Vérumaa Co., Kutiorg,
03.10.97, I. Saar (TAA 147346, 147349)*; Tartumaa
Co., Variku, 20.10.97, B. Kullman (TAA 147353)%;
Tartumaa Co., Laeva Forestry, 23.10.97, M. Vaasma
(TAA 171700)*; Vérumaa Co., Meeksi, 30.09.97, K.
Kalamees (TAA 147845); Saaremaa Co., Kihelkonna,
14.08.98, M. Vaasma (TAA 171965). Finland:
Pirkkala, Saija, 10.10.97, R. Linkoaho (TAA 147367);
Tampere, Tesoma, 10.10.97, M. Rantala (TAA
147368); Kangasala, 10.10.97, M. Rantala (TAA
147373); Askola, 13.10.97, P. Héijer (TAA 147384).
Latvia: Vitrupe, 10.10.97, K. Kalamees (TAA 147900).
Sweden: Gotland, Nyneshamn, 03.10.98, M. Vaasma
(TAA 172011); Gotland, Halla, 04.10.98, M. Vaasma
(TAA 172024); Gotland, Tjaukle, 07.10.98, M.
Vaasma (TAA 172049); Gotland, Viklau, 04.10.98,
K. Kalamees (TAA 147945, 147946); Gotland, Kambs
Gard, 04.10.98, K. Kalamees (TAA 147948).

C. granulosum (Batsch: Fr.) Kiihner

Estonia: La&ne-Virumaa Co., Luusiku, Hanguse,
23.08.62, H. Kelder (TAA 73144); Tartumaa Co.,
Vasevere, 04.10.63, K. Kalamees (TAA 74956);
Tartumaa Co., Kaagvere, Tdlgu, 11.10.68, K.
Kalamees (TAA 77626); J6gevamaa Co., Vooremaa,
22.09.72, K. Kalamees, A. Kollom (TAA 114037,
114061); Jdgevamaa Co., Vooremaa, 23.09.72, K.
Kalamees, A. Kollom (TAA 114200); Jogevamaa Co.,



90 Folia Cryptog. Estonica

Vooremaa, 02.10.72, K. Kalamees, A. Kollom (TAA
114036); Jogevamaa Co., Vooremaa, 03.10.72, K.
Kalamees, A. Kollom (TAA 114288); Pélvamaa Co.,
Valgesoo, Kriisa, 07.10.72, K. Kalamees (TAA 80411);
Valgamaa Co., Karula, 25.08.82, S. Veldre (TAA
114912); Valgamaa Co., Karula, Kihati, 26.09.83, S.
Veldre (TAA 141198); Valgamaa Co., Koikkula, Piiri,
21.07.84, S. Veldre (TAA 123550); Saaremaa Co.,
Audaku, 17.08.84, K. Kalamees (TAA 123631);
Saaremaa Co., Jarve, 04.10.88, K. Kalamees, M.
Vaasma (TAA 144045); Tartumaa Co., Ahunapalu,
Vaabnasaar, 25.07.90, K. Kalamees (TAA 144672);
Tartumaa Co., lhaste, 21.10.92, K. Kalamees (TAA
145644); Valgamaa Co., Hargla, 18.10.96, K.
Kalamees (TAA 147500)*; Vérumaa Co., Meeksi,
30.09.97, I. Saar (TAA 147337)*; Vorumaa Co.,
Vallamagi, 02.10.97, S. Veldre, K. Kalamees (TAA
147344)*; Vérumaa Co., Vallamagi, 02.10.97, S.
Veldre, K. Kalamees (TAA 147867); Vorumaa Co.,
Kutiorg, 03.10.97, E. Ohenoja (TAA 147352);
Vérumaa Co., Meeksi, 30.09.97, K. Kalamees (TAA
147849); Tartumaa Co., Selgase, 23.07.98, K.
Kalamees (TAA 147984); Valgamaa Co., Aakre,
04.08.98, K. Leenurm (TAA 147387)*; Saaremaa Co.,
Karjalasma, 12.08.98, M. Vaasma (TAA 171953).
Finland: Tampere, 10.97, M. Rantala (TAA 147359)%;
Tampere, Sitalahti, 01.11.97, M. Rantala (TAA
147375); Liikasenvaara, Korvasvaara, 10.09.81, K.
Kalamees, E. Ohenoja, T. Ulvinen (TAA 122127);
Pirkkala, 10.10.97, R. Lenkoaho (TAA 147366,
147369); Kangasala, 10.10.97, M. Rantala (TAA
147370); Helsinki, Annala, 07.10.97, P. Hoijer (TAA
147379)*; Tampere, 22.08.98, |. Saar (TAA 147391).
Latvia: Renceni, 07.10.97, K. Kalamees (TAA
147882)*; Vitrupe, 10.10.97, K. Kalamees (TAA
147901). Norway: Brennfjell, 26.08.98, A. Jakobson,
I. Saar (TAA 147392).

C. jasonis (Cooke & Massee) Harmaja

Estonia: Parnumaa Co., Rannametsa, 28.08.89, P.
Kytévuori (H 89)*; Valgamaa Co., Hargla, 17.10.96,
K. Kalamees (TAA 147294, 147295, 147296);
Valgamaa Co., Hargla, 18.10.96, K. Kalamees (TAA
147514); Vérumaa Co., Meeksi, 30.09.97, |. Saar
(TAA 147336, 147338); Vdorumaa Co., Meeksi,
30.09.97, K. Kalamees (TAA 147840); Tartumaa Co.,
Palupdhja, 23.10.97, M. Vaasma (TAA 171716)*;
Valgamaa Co., Aakre, 30.07.98, M. Vaasma (TAA
171909). Finland: Oulanka, Sirkkapuro, 28.08.77,
M. Korhonen, R. Tuomikoski (H); Lammi, Evo,
Vahtervehmaa, 06.09.78, M. Korhonen, R.
Tuomikoski (H); Tamminsaari, 19.09.78, M.
Korhonen, R. Tuomikoski (H); Hindsby, 23.09.78, R.
Saarenoksa (H 30978); Hindsby, 23.09.79, R.
Saarenoksa (H 62779); Ristijarvi, 01.09.80, I.
Kytdvuori (H 80644); Kuhmo, 03.09.80, I. Kytdvuori
(H); Sauvo, 27.09.80, I. Kytdévuori (H 801139);
Méantsala, Levanto, 19.09.80, I. Kytévuori (H
801071); Oulanka, 09.09.81, K. Kalamees, E.
Ohenoja, T. Ulvinen (TAA 122054); Rymattyla, Raula,

24.09.81, R. Tuomikoski (H); Annala, 27.09.81, R.
Saarenoksa (H 57481); Rymattyla, valimaki,
09.10.81, R. Tuomikoski (H); Kurikka, Vesipera,
15.09.82, I. Kytdvuori (H 82378); Kinnula, Makela,
18.09.82, I. Kytovuori (H 82448); Kuusisto island,
Juopinkrotti, 02.09.92, J. Vauras (Ex Herbario Uni-
versitatis Abo Akademi-Tura); Porvoo, Teissala,
08.10.97, P. Hoijer (TAA 147380)*; Porvoo, Teissala,
13.10.97, P. Hoijer (TAA 147383)*; Kangasala,
10.10.97, M. Rantala (TAA 147374); Tampere,
Sitalahti, 01.11.97, M. Rantala (TAA 147378). Latvia:
Straume, 07.10.97, K. Kalamees (TAA 147879)%;
Renceni, 07.10.97, K. Kalamees (TAA 147883)*;
Saule, 08.10.97, K. Kalamees (TAA 147885)%;
Mernieki, 10.10.97, K. Kalamees (TAA 147899). Nor-
way, Brennfjell, 26.08.98, M. Opik, |. Saar (TAA
147393)*.

C. terreii (Berk. & Broome) Harmaja

Estonia: P6lvamaa Co., Taevaskoja, 08.09.57, K.
Kalamees (TAA 70556); V6rumaa Co., VOru-Kubija,
25.09.57, K. Kalamees (TAA 70706); Valgamaa Co.,
Piiri, 01.10.57, K. Kalamees (TAA 70768); Jarvamaa
Co., Noku, 14.09.58, U. Kalamees (TAA 50592);
Jdgevamaa Co., Mdisamaa, 04.09.60, K. Kalamees
(TAA 71729); J6gevamaa Co., Siimuste, 20.09.60, K.
Kalamees (TAA 71809); Jogevamaa Co., between
Kurista and Kdépu, 03.10.60, K. Kalamees (TAA
71972); Ida-Virumaa Co., Joetaguse, 07.08.61, K.
Kalamees (TAA 72422); Saaremaa Co., Kihelkonna,
20.08.84, K. Kalamees, G. St3ukin, M. Vaasma (TAA
123714); Parnumaa Co., Kabli, 23.09.90, K.
Kalamees (TAA 144765); Saaremaa Co., Selgase,
10.09.93, K. Kalamees, K. Salo, V. Liiv (TAA 145958);
Saaremaa Co., Audaku, 13.09.93, K. Kalamees, M.
Vaasma (TAA 145991); Saare Co., Vohma, 16.09.93,
. Kytévuori (H 93-1328); LAdnemaa Co., Dirhami,
06.10.93, K. Kalamees (TAA 146119); Ladnemaa Co.,
Marimetsa, 24.09.94, K. Kalamees, |. Saar (TAA
146430); Parnumaa Co., Ristiotsa, 27.09.94, M.
Vaasma (TAA 142277); Hiiumaa Co., Ristna,
09.10.94, K. Kalamees (TAA 146415); Jarvamaa Co.,
Huuksi, 20.09.95, M. Vaasma (TAA 142691);
Harjumaa Co., Salmistu-Kaberneeme, 14.09.97, K.
Jurgens (TAA 147332); Harjumaa Co., Rutja,
19.10.97, B. Kullman (TAA 147354, 147355)%;
Vorumaa Co., Kutiorg, 03.10.97, K. Kalamees (TAA
171759)*; Laane-Virumaa Co., Karepa, 27.07.98, B.
Kullman (TAA 157823); Saaremaa Co., Kihelkonna,
14.08.98, M. Vaasma (TAA 171966); Laane-Virumaa
Co., Karepa, 20.08.99, B. Kullman (TAA 179144,
179145). Finland: Liikasenvaara, Korvasvaara,
10.09.81, K. Kalamees, E. Ohenoja, T. Ulvinen (TAA
122100). Latvia: Straume, 07.10.97, K. Kalamees
(TAA 147878)*. Sweden: Overkalix, 27.08.98, |. Saar
(TAA 147394)*.

The studied specimens are deposited in the
herbarium of the Institute of Zoology and



Botany of the Estonian Agricultural University
(TAA) or in the Botanical Museum of the Uni-
versity of Helsinki (H).

All specimens were determined by the au-
thor as well (303). Microscopy of specimens was
studied in Melzer’'s reagent and 3% potassium
hydroxide (KOH) (Swift M4000-D, x1000). For
every specimen, 10 spores were measured. In
this study the mean spore length and width of
species, with standard deviation (d) are pre-
sented. For calculation of spore volumes, the
formula for an ellipsoid of rotation was used:
V=4/3p L/2 (W/2)?= 0.523 LW?~ 0.5 LW?2.

Number of nuclei in spores was counted
by fluorescence microscope (Olympus Vanox,
x1000).

Flow cytometry:

DNA measurement by flow cytometry is based
on the quantitative binding of the DNA specific
dye (fluorochrome) to DNA. Intercalating fluoro-
chrome, e. g. propidium iodide (PIl), binds on
doublestranded DNA irrespective of the DNA
sequence. Cytometry allows the measurement
of DNA - fluorochrome complex fluorescence
intensity separately for each cell (spore). Fluo-
rescence intensity is proportional to the amount
of fluorescent substance and hence to DNA
content. To estimate DNA content it is neces-
sary to compare the object of investigation with
a standard whose DNA content is already
known. Many DNA measurements in plants
have been performed using animal standards,
the most common being chicken erythrocytes.
Often other plants whose DNA content is com-
parable to that of the studied object (i.e. not
more than two or three times larger) have been
employed as internal standards (Bennett &
Leitch, 1995). Compared with plants or ani-
mals, fungi have small nuclei with a relatively
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low DNA content (about 100 times lower). For
this reason it is not correct to use plant or ani-
mal standards for fungal measurements.

In this study the spore print of Pleurotus
ostreatus (TAA 142824) served as the internal
standard, with a DNA content of 25 Mb meas-
ured by Kullman (in print). Its DNA content was
established using cells of Saccharomyces
cerevisiae (strain YAC) as a standard.

Preparation and staining:

Spores were fixed in 96% ethanol: acetic acid
(3:1) and incubated at room temperature for
20 h on a slow rotator mixer. The samples were
washed slowly by gradually adding deionised
water on a slow rotator mixer. Centrifuging for
5 minutes at 10.000 rpm, removed the
supernatant. About 600 pl buffer (PBS) was
added and samples were kept on a slow rota-
tor mixer for at least 30 min. Centrifuging for 5
minutes at 10.000 rpm, removed the
supernatant. 200 pl buffer (218.6 mg D-sorbi-
tol, 40 ml 0.5 M EDTA, 10 ml 1 M TRIS, pH
7.5) and 18 pl zymolyase (Seikagaku) stock (50
mg/ml) was added, and samples were incu-
bated at 37°C for 24 h on a slow rotator mixer.
100 pl buffer (PBS) and 6 pl RNase A (Fluka)
stock (10 mg/ml) was added, and samples were
incubated at 37°C for 24 h on a slow rotator
mixer. The suspension was filtered through a
85 um nylon mesh. 20 pl propidium iodide
(Fluka) stock (1 mg/ml) was added. The sam-
ples were incubated on ice for at least 30 min;
they were analyzed on a flow cytometer (Odam-
Brucker or FACSort, Becton Dickinson, USA).

RESULTS

All the studied species have dikaryotic spores.
DNA content is given for one nucleus.

Table 1. Nuclear DNA content (in Mb) and ploidy (x) level in the species of the genus Cystoderma

were measured from spore print

Species Measurings DNA content, £d 1x DNA content  Ploidy level
C. carcharias n=9 253+ 24 12.7 2x
C. jasonis n=9 259+ 34 12.9 2x
C. amianthinum n=13 295131 14.8 2x
C. adnatifolium n=10 359 £33 12.0 3x
C. granulosum n=10 373+ 27 12.4 3x
C. terreii n=6 65.4 + 4.3 10.9 0x
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Table 2. Spore length and width in the species of genus Cystoderma

Species Specimens Mean spore length £ d (um) Mean spore width & d (um)
C. carcharias n=062 441 034 3.05 £ 0.11

C. jasonis n=35 6.37 £ 0.35 3.16 £ 0.15

C. amianthinum n=103 5.56 + 0.49 3.03 £0.18

C. adnatifolium n=38 4.26 £ 0.19 2.51 £0.15

C. granulosum n=36 410 £ 0.14 222 £0.20

C. terreii n=29 4.02 £0.13 2.19 £ 0.19
DISCUSSION

The species of the genus Cystoderma reveal
genome size differences in the range 25.3-65.4
Mb and three ploidy levels (2x, 3x and 6x) (Ta-
ble 1; Fig. 1). Mean nuclear DNA content for
the 1x-level of ploidy is 12.6 Mb. However, spe-
cies with such a DNA content have yet to be
discovered.

The species of the genus Cystoderma are
divided into two groups according to their
amyloidity of spores (Smith & Singer, 1945;
Singer, 1986):

1. C. amianthinum, C. jasonis and C.

In the first group, all species have a 2x ploidy
level. C. amianthinum is significantly different
from the others with respect to DNA content,
C. jasonis & C. carcharias are not significantly
different from one another. C. carcharias could
be easily distinguished from the others by its
morphological characters. Its spore length is
significantly shorter from that of the others,
spore width is not significantly different from
that in the species C. amianthinum (Table 2;
Fig. 2). C. jasonis is distinguished from C.
amianthinum by deeper colours of cap, gills,

carcharias stem, and flesh and microscopically by the sig-
2. C. adnatifolium, C. granulosum and C. nificantly larger spore size.
terreii.
50
45 O # C. carcharias
40 O O A C. amianthinum
O . .
35 OC. jasonis
8 O oo OC. terreii
3 30 o
° A A X C. granulosum
>
® A W C. adnatifolium
5 25 . ‘ADAA AA
L 2
20 *
15 - =
ol Ve | ™ 0 ®o
10 m BT X °o
5 : : : : : : : : : : :
15 20 25 30 35 40 45 50 55 60 65 70 75
DNA content

Fig. 1. Distribution of specimens’ mean values of DNA content (Mb) and spore volume (um?3) in

species of the genus Cystoderma.
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Fig. 2. Distribution of spore length and width values (um) in the species of the genus Cystoderma.
Standard error is given for the mean values of the species.

The second group includes the species C.
adnatifolium & C. granulosum, which ploidy
level is similar (3x) and DNA content is not sig-
nificantly different (Table 2; Fig. 2). C.
adnatifolium & C. terreii are morphologically
more similar species, while C. terreii is distinct
in having spear-like cystidia. C. terreii differs
from the other species with respect to ploidy
level (6x) and significantly different DNA con-
tent as well. Differences of mean spore length
between species in the second group are sta-
tistically significant. At the same time, differ-
ences of mean spore width between the above
species are not statistically significant between
C. granulosum & C. terreii (Anova: Single Fac-
tor).

Correlation between DNA count and spore
volumes (r=-0.58), length (r=-0.55) and width
(r=-0.61) within genus is negative; it means that
species with larger spores have smaller DNA
content than species with smaller spores (Fig.
1).

The species of the genus Cystoderma are
differentiated according to spore width and/or
length, the differences of which are statistically
significant between species, therefore these are
good characters for differentiation of the spe-
cies of this genus.

The DNA content of species C. amianthinum
and C. terreii is statistically different from that
of morphologically similar species; accordingly
the species C. amianthinum differed from C.
jasonis and C. terreii from C. adnatifolium. The
difference between the species of the pair C.
adnatifolium & C. granulosum as well as be-
tween the species of the pair C. jasonis & C.
carcharias is not significant.
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A DNA study of the Cetraria aculeata and C. islandica groups
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Abstract: Group I intron (in nuclear SSU) and internal transcribed spacer (ITS) sequences of the Cetraria acnleata and C.
islandica groups were compared using PAUP 4.0. ITS-sequences from the taxa Cetraria islandica ssp. antarctica, C. islandica ssp.
crispiformis, C. muricata and C. odontella, ate presented for the first time. The group I introns have a length of 218-224
nucleotides and occur in 11 of 20 studied samples of Cetraria s. str. Strict consensus trees based on the group I intron
matrix, the I'TS matrix and a combined data set were calculated and compared. Cetraria odontella forms a monophyletic line
together with C. aculeata and C. muricata. Most species within the Cetraria aculeata and C. islandica groups are too closely
related to be distinguished by group I intron or ITS sequences. C. odontella is reported from Australia for the first time.

Kokkuvéte: A. Thell, S. Stenroos & L. Myllys. Cetraria aculeata ja C. islandica rihmade DNA-st.

Vérreldakse Cetraria aculeata ja C. islandica rihmade I introni ja ITS sekventsidel pShinevaid fiillogeneetilisi analiiiise.
Esmakordselt esitatakse Cetraria islandica ssp. antarctica, C. islandica ssp. crispiformis, C. muricata ja C. odontella ITS sekventsid.
I intronite pikkus on 218-224 nukleotiidi ja nad esinevad 11-s Cetraria s. str. 20-st uuritud proovist. Esitatakse I introni ja
ITS piirkonna andmemaatriksitel ning kombineeritud andmetel pohinevad ranged konsensuspuud, samuti nende vordlus.
Cetraria odontella moodustab monofiileetilise liini koos C. aculeata ja C. muricata eksemplaridega. Enamus Cetraria aculeata ja
C. islandjca rihmade liike on liiga ldhedased I introni ja ITS sekventside alusel eristamiseks. Teatatakse C. odontella esmaleiust

Austraaliast.

INTRODUCTION

The major part of the 16 species within Cetraria
Ach. s. str. (Parmeliaceae) could be divided into
two closely related groups of hardly discern-
ible species, centered on Cetraria aculeata
(Schreb.) Fr. and C. islandica Ach. (Karnefelt,
1979, 1986; Karnefelt et al. 1993). Cetraria
aculeata, C. arenaria Karnefelt, C. ericetorum
Opiz, C. islandica, C. muricata (Ach.) Eckfeldt
and C. odontella Ach. are included in the study.

A group of four taxa, earlier comprising the
genus Coelocaulon Link, were transferred to
Cetraria by Karnefelt et al. (1993). They differed
from other Cetraria species by a fruticose habit
with rounded, not dorsiventral lobes. However,
one of the species, C. aculeata, occasionally has
flattened branches similar to those found within
the C. islandica group.

Cetraria aculeata and C. muricata, wide-
spread in temperate and boreal regions of both
hemispheres, are sometimes difficult to distin-
guish from each other. A typical C. muricata is
a very small lichen with a shrubby habit,
sparsely supplied with minute pseudo-
cyphellae, which are hardly visible without a
lens. Such specimens are easily distinguished
from the usually larger and more loosely rami-

fied C. aculeata. This species is, furthermore,
frequently supplied with oblong and more pro-
nounced pseudocyphellae (Karnefelt, 1986).

C. odontella Ach., has a fragmented occur-
rence in the boreal part of the Northern Hemi-
sphere. A report from Peru was the only known
locality in the Southern Hemisphere until it
recently was collected in Australia (Table 1).
The lobes are usually flat, sometimes even
slightly canaliculate, although the general habit
— dense cushion-like tufts - is similar to C.
aculeata or C. muricata. Yet, C. odontella is a
distinct taxon, variable in minor characters
only. The lobes are less flattened at high alti-
tudes presumably caused by extreme condi-
tions (Karnefelt, 1986).

Cetraria ericetorum and C. islandica, two
well-known and widely distributed species,
have traditionally been considered very closely
related. Formerly, the huge variation within C.
islandica caused taxonomical overestimation of
local morphotypes (Rasanen, 1943; Rassadina,
1945). Several of these were rejected in
Karnefelt's (1979) thorough study. Cetraria
ericetorum is distinguished from C. islandica by
the marginal pseudocyphellae, sometimes form-



96 Folia Cryptog. Estonica

Table 1. The 21 samples selected for this study

The sequences are available at the National Center for Biotechnology Information, NCBI, homepage:

http://www.ncbi.nlm.nih.gov.

Taxon, locality Date Collector, DNA# Herb. GeneBank
sample-1D accession
CETRARIA ACULEATA
Canada. Nova Scotia, Shelburne Co.  1999-05-08 T. Ahti 57221 AT579 TUR  AF228288
Tobeatic Wilderness Area
Chile. Region XII de Magellanes y de  1999-02-06 T. Feuerer 29320 AT520 HBG, AF228287
la Ant. Chil,, Prov. de Magellanes TUR
Finland. Nylandia, Helsinki 1999-11-15 A. Thell FIN-9932 AT703 TUR  AF228289
Germany. Niedersachsen, 1999-09-25 A. Thell & C. Marth AT592 TUR  AF228286
Landkreis Uelzen, Bullenberg D-9929
CETRARIA ERICETORUM $SP. ERICETORUM
Finland. Ostrobottnia kajanensis, 1999-08-04 S. Stenroos 5173 AT642 TUR  AF228292
Sotkamo, Vuokatti
Finland. Regio Aboénsis, Kaarina, 1999-10-13 A. Thell, S. Stenroos & AT630 TUR  AF228291
Kuusisto A. Puolasma FIN-9937
Sweden. Scania, Ahus, Yngsj6 1999-07-22  A. Thell & C. Marth AT544 TUR  AF228290
SK-9928
CETRARIA ISLANDICA $SP. ANTARCTICA
New Zealand. South Island, Otago 1999-02-07 1. Kiarnefelt 999201 AT515 TUR  AF228293
CETRARIA ISLANDICA SSpP. CRISPIFORMIS
Finland. Nylandia, Helsinki, 1999-11-15 A. Thell FIN-9930 AT701 TUR  AF228294
between Viikki and Herttoniemi
Finland. Nylandia, Helsinki, 1999-11-15 A. Thell FIN-9931 AT702 TUR  AF228295
Viikinmaki
CETRARIA ISLANDICA SSp. ISLANDICA
Estonia. Pélvamaa Co., Taevaskoja 1999-09-06 A. Thell EST-9901 AT548 TUR  AF228296
Finland. Regio Aboénsis, Turku, 1999-08-17 A. Thell FIN-9925 AT533 TUR  AF228299
Ruissalo
Finland. Regio Aboénsis, Lieto 1999-08-21  A. Thell FIN-9924 AT532 TUR  AF228298
Littoinen, broad-lobed form
Finland. Regio Aboénsis, Lieto 1999-08-21  A. Thell FIN-9929 AT546 TUR  AF228300
Littoinen, narrow-lobed form
Sweden. Scania, Ahus, Yngsjo 1999-07-22 A. Thell & C. Marth AT531 TUR  AF228297
SK-9923
CETRARIA MURICATA
Canada. Newfoundland 1999-04-15 T. Ahti & Scott 56948  AT580 TUR  AF228302
Ferryland Dist., Witless Bay Line
Iceland. S Pingeyar sysla, Myvatn 1997-08-11  A. Thell ISL.-9722 AT547 LD AF228301
CETRARIA ODONTELLA
Australia. New South Wales 1999-10-16  S. Wall AT704 S. Wall AF228285
Mount Kosuszko National Park
Finland. Ostrobottnia kajanensis, 1999-08-04 S. Stenroos 5174 AT643 TUR  AF228304
Sotkamo, Hiidenportti
Finland. Regio Aboénsis, Kaarina 1999-10-13  A. Thell, S. Stenroos & AT628 TUR  AF228303
Kuusisto A. Puolasma FIN-9932
CETRARIELLA DELISEI
Iceland. Nordur Mulasysla, 1997-08-12  A. Thell ISL-9713 AT234 1D AF228305

Fljotsdalur




ing a more or less continuous line near the
margin of the lower surface and not spread over
the thallus as in C. islandica. However, some
material is difficult to determine either as C.
ericetorum or C. islandica. Both these taxa con-
tain a large infraspecific variation and seven
subspecies were proposed by Karnefelt (1979).
None of the three subspecies of C. ericetorum
overlap with each other geographically. Cetraria
ericetorum ssp. ericetorum is a Eurasian taxon,
ssp. reticulata is found in boreal North America
whereas ssp. patagonica, not included here, is
restricted to southern South America.

Cetraria islandica ssp. islandica includes an
enormous variation in size and shape, although
it is usually easily distinguished from ssp.
crispiformis with which it grows side by side at
some localities. They both have a circumpolar
distribution in the northern continents. To
separate C. islandica ssp. crispiformis from C.
ericetorum ssp. reticulata is occasionally more
problematic, in particular when laminal
pseudocyphellae occur on the latter taxon
(Karnefelt, 1979). Cetraria islandica ssp.
antarctica and ssp. orientalis are chemically and
biogeographically distinct. The former is known
from subantarctic and alpine parts of the
Southern Hemisphere while the latter taxon,
which was not included in this analysis, oc-
curs in the Far East (Karnefelt, 1979). Cetraria
arenaria is a distinct lichen but closely allied
to and separated from C. islandica by Kéarnefelt
(1979).

Although several unique, from Cetraria di-
verging characters, have been observed within
the genus Cetrariella, a recently published
study of the ITS regions revealed the two gen-
era as closely related (Karnefelt & Thell, 2000).
A new sequence of the type species, C. delisei,
was included in the analysis to represent a
closely related genus.

The intention with this study is to compare
ribosomal DNA sequences from the internal
transcribed spacers, ITS, and group | introns
in phylogenetic analyses to evaluate whether
these parts of the DNA separate morphologi-
cally very similar, in some cases hardly distin-
guishable, species within the Cetraria aculeata
and C. islandica groups.

This is a first report from a project carried
out at the University of Turku, Finland, deal-
ing with lichens and mosses with a bipolar dis-
tribution.
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MATERIAL AND METHODS
I. Specimens included in the study

Group | intron and ITS sequences from eight
taxa, Cetraria aculeata, C. ericetorum ssp.
ericetorum, C. islandica ssp. antarctica, C.
islandica ssp. crispiformis, C. islandica ssp.
islandica, C. muricata, C. odontella and
Cetrariella delisei, were produced from 21 speci-
mens, collected for the herbaria H, HBG, LD,
TU, TUR and the private herbarium of Staffan
Wall (Table 1). Sequences from ten samples,
available at the GenBank’s homepage: http//
:www.ncbi.nlm.nih.gov, were used to comple-
ment the new ones in the cladistic analyses (Ta-
ble 2).

Tuckermannopsis subalpina was selected as
outgroup. The taxonomic position of this spe-
cies is, according to published investigations,
clearly outside Cetraria s. str. (Karnefelt, 1979;
Karnefelt et al., 1993; Thell, 1998). Further-
more, it contains a group | intron sequence that
was easily alignable with the other intron se-
quences.

Il. Extraction

DNA was extracted from fresh material, not
more than three years old, following the proto-
col enclosed in the DNEasy Plant Mini Kit for
DNA isolation from plant tissue from QIAGEN
(March, 1999). Minute fragments of thalli, ap-
proximately 2-3 mm in diameter, preferably
lobe tips or, if present, apothecia, were ground
carefully in 50 pl of the lysis buffer with pes-
tles in 1.5 ml Eppendorf tubes. Different wa-
ter-dilutions of the DNA-extractions were tested
for PCR. Concentrated templates usually func-
tioned as well as dilutions.

I1l. Amplification and purification

The ITS regions, the 5.8S region and flanking
parts of the small and large subunits (SSU, 18S
and LSU, 28S) of the ribosomal DNA, includ-
ing possible insertions at the 3'-end of the SSU,
were amplified with a Perkin-Elmer Gene Amp
PCR System 9700 thermal cycler. Ready To Go
PCR beads (in 0.2 ml tubes) from Pharmacia
Biotech Inc. were dissolved in 11.8 pul distilled
water, 0.35 pl of a 16uM concentration of each
of the primers ITS1F and ITS4 (Table 2) and
12.5 ul of the DNA extractions were added to
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Table 2. Samples included in this study to complement the new sequences, available at the
National Center for Biotechnology Information, NCBI, homepage: http://www.ncbi.nlm.nih.gov
*TerraGen Diversity Inc., University of British Columbia

GenBank Taxon Country; DNA #; Reference

accession herbarium

AF192409 Cetraria aculeata Sweden; AT11; LD Thell & Miao (1998)
AF116176 C. aculeata Canada; AT156; TDI* Thell & Miao (1998)
AF115758 C. arenatia Canada; AT173; TDI* Thell (1999)
AF139033 C. ericetorum ssp. e. Finland; AT212; LD Thell & Miao (1998)
AF139034 C. ericetorum ssp. . Canada; AT44; LD Thell & Miao (1998)
AF152466 C. ericetorum ssp. . Canada; AT44; LD Thell & Miao (1998)
AF139035 C. islandica ssp. i. Sweden; AT41; LD Thell & Miao (1998)
AF072225 C. islandica ssp. 1. Canada; AT93; TDI* Thell & Miao (1998)
AF152467 C. islandica ssp. 1. Iceland; AT94; LD Thell & Miao (1998)
AF072237 Tuckermannopsis subalpina Canada; AT109; LD Thell (1998)

Table 3. Primers used in the analysis. *Fungal specific

Primer Reading  Part of the IDNA Primer sequence Reference
direction amplified
ITS1-F* 5 to 3 Group I intron, ITS)  CTTGTTCATTTAGAGGAAGTAA Gardes & Bruns (1993)

ITS1-LM 5 to 3
ITS2-ILM 3’ to 5’

ITS
Group I intron

GAACCTGCGGAAGGATCATT
AATGATCCTTCCGCAGGTTC

Myllys et al. (1999)
Lohtander et al. (in prep.)

ITS2-KL. 3t0o5  ITS, (Gr. I intron) ATGCTTAAGTTCAGCGGGTA  Lohtander et al. (1998)
ITS4 3to5  ITS, (Gr. I intron) TCCTCCGCTTATTGATATGC  White et al. (1990)
ITS5 5to3 Gr. I intron, (ITS) GGAAGTAAAAGTCGTAACAAGG White et al. (1990)

Table 4. Frequency of group | introns and number of nucleotides of the amplified regions
having informative characters of Cetraria s. str.
*Including the samples listed in Table 1.

Taxon number of Gr. I intr. Gr. I intr. ITS 1 ITS 2
samples* presence length length length

Cetraria aculeata 6 - - 180-184 151-154
C. arenaria 1 1 219 182 152
C. ericetorum 6 3 219 181-183 152

ssp. ericetorum 4 2 219 181-182 152

ssp reticulata 2 1 219 182—-183 152
Cetraria islandica 11 9 218-224 182 152

ssp. antarctica 1 1 224 182 152

ssp. crispiformis 2 2 219 182 152

ssp. islandica 8 6 218-220 182 152—-153
Cetraria muricata 2 - - 182 153—-157
C. odontella 3 2 218 182 151
In total 29 16 217224 180—184 151-157




the solution, resulting in final reaction volumes
of ca. 25 pl. Each reaction will then, according
to the enclosed component declaration, con-
tain about 1.5 units of Tag DNA Polymerase,
10 mM Tris-HCI (pH 9.0 at room temperature),
50 mM KCI, 1.5 mM MgCI2 and 200 uM of each
dNTP.

The PCR started with 2 minutes at 95°C.
Then a 30 cycle schedule followed using a de-
naturation temperature of 95°C for 1 min., an
annealing temperature of 60°C for 1 min., and
an extension temperature of 72°C for 1 min.

The PCR products were cleaned with
QIAquick PCR purification kit from QIAGEN
and diluted into 30 pul of the enclosed elution
buffer (10 mM Tris-Cl, pH 8.5).

IV. Sequencing

A 25 cycle sequencing PCR with a denatura-
tion temperature of 96°C for 10 seconds, an
annealing temperature of 50°C for 5 seconds,
and an extension time of 60°C for 4 minutes
was performed to amplify the DNA-fragments
prior to the sequencing procedure. Deionized
water, primers and template were added to
BigDye Terminator Cycle Sequencing Ready
Reaction Kit from Perkin Elmer according to
the enclosed protocol (PE Applied Biosystems
1998).

Several different primer pairs were used for
the sequencing PCR, depending on which prod-
uct was desired (Table 3). If a sample did not
contain an intron, the following alternative 5'-
primers were used: ITS1-F, ITS1-LM or ITS5.
These primers were combined with the 3'-prim-
ers ITS2-KL or ITS4. However, if the sample
contained insertions at the rear end of the SSU,
ITS1-LM was used together with either 1TS2-
KL or ITS4 to amplify only the ITS; for the intron
ITS2-LM was used together with either ITS1F
or ITS5. All primers worked equally successful
in this study (Tables 3-4).

The sequences were produced using an
automatic sequencer, ABI Prism 377 from
Perkin-Elmer.

V. Alignment and phylogenetic analysis

The sequences were easily aligned manually
and a cladistic analysis was performed using
the program PAUP 4.02b (Swofford, 1998).
Gaps were treated as missing characters. The
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most parsimonious trees were obtained by us-
ing the heuristic search option with a maxi-
mum of 1000 random replicates. Starting trees
were formed by stepwise addition. The swap-
ping algorithm used was the tree-bisection-re-
connection (TBR). Strict consensus trees from
three separate data sets were calculated: one
tree based on ITS data from all the samples
(Tables 1-2), a second tree of taxa having group
I intron sequences exclusively and, finally, one
tree based on a combined ITS-group | intron
data matrix. Bootstrap analyses using the heu-
ristic search option and the TBR-algorithm in
PAUP 4.02b were performed. Branch support
values that exceed 50 (from 1000 replicates)
are indicated at the nodes of the consensus
trees (Tables 5-7, Figs. 1-3).

Congruence between different data sets
(intron versus ITS data) was tested. Rather than
comparing only the cladograms resulting from
different data sets we wanted to use an ap-
proach that enables the comparison of the ac-
tual data sets. This was done using the beta
version of the program KON and following the
principles presented in Farris et al. (1994) and
applied for example in Bruneau et al. (1995).

RESULTS AND DISCUSSION

I. The amplified genes and their varia-
tion

Group | intron and ITS sequences of the ribos-
omal DNA of four taxa, C. islandica ssp.
antarctica, C. islandica ssp. crispiformis, Ce-
traria muricata, and C. odontella, are presented
for the first time (Tables 5-7).

The group | introns are 218-224
nucleotides long and located between the posi-
tions 1516 and 1517 close to the 3’ end of the
SSU relative to Escherichia coli (DePriest &
Been, 1992; Gargas et al., 1995; Gutell et al.,
1994). They were easily aligned and thus pre-
sumably homologous. Introns occurred in 11
of the 20 investigated samples of Cetraria s.
str., very frequent in species belonging to the
C. islandica group but rare or absent in other
taxa (Table 4).

Informative characters were restricted to
the group | introns and the internal transcribed
spacers, ITS 1 and ITS 2 (Tables 5-7), the ITS
parts, measuring 180-184 and 151-157
nucleotides respectively. The ITS matrix con-
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Table 5. Sequences and alignments from the group | introns of the new samples

51 10 20 30 40 50
704 Cetraria odontella GAATGGC-TT GCCTCCGGAA CGCCCCAGCA GCGACTCTAA ACAACTGCAC TAGTCGC
622/643 C. odontella ~ ...... A
544 C. eric. ssp. ericet. ~ ...... BTt i e e i T ennn.
515 C.isl. ssp. antarctica ~ ...... ST e e e T ...
701/702 C. isl. ssp. ctisp.  ...... T T ...
531 C.isl ssp. islandica ~ ...... ST e e T ...
532 C.isl. ssp. islandica ~ ...... 3 B T ...
533 C. isl. ssp. islandica e AL ST e e e T i T ...
548 C. isl. ssp. islandica ~ ...... 3 T ...

60 70 80 90 100 110
704 Cetraria odontella CCT T-AGCGGGCT GGCAACGCCG TCACTGTGCG CCGGG-AGTC CTCTGAAGTC GGG
622/643 C. odontella e
544 C. eric. ssp. ericet. B B TR I c..
515 C. isl. ssp. antarctica N c R T e e B TR I c..
701/702 C. isl. ssp. ctisp. e G e ....BA.... .C.C...C..
531 C. isl. ssp. islandica B ce..-AlL.. Cllll. c..
532 C. isl. ssp. islandica N c...-A.... .C....GC..
533 C. isl. ssp. islandica s G s C...-A.... .C..... c..
548 C. isl. ssp. islandica s G s ....AA.... .C.C...C..

120 130 140 150 160 170
704 Cetraria odontella GTCAACC AGCAGCTTCA GCCTTTT-GG AGTTCACAGA TCAAACGATA GCGGCCAC--
622/643 C. odontella o e e
544 C. eric. ssp. ericet. ... ... PN
515 C.isl. ssp. antarctica ~ ....... ....... Cot LTT e i Te e e e e e TT
701/702 C. isl. ssp. ctisp. ~ ....... [T [ RN
531 C. isl. ssp. islandica I G...... o T e e e e
532 C.isl. ssp. islandica ... Lo.LLL. o T e e e e
533 C.isl. ssp. islandica ~ ....... L. Co T e e e e
548 C.isl. ssp. islandica ~ ....... Lo.L.L. o T e e e e

180 190 200 210 220 3!

704 Cetraria odontella ----TTCGGT GGTTGAGATA TGAACGGCCC CCGCTGTTAC CAGCTGGAGA CTTTGCG
622/643 C. odontella L e
544 C. eric. ssp. ericet. e e e B
515 C. isl. ssp. antarctica COAC. « oot e T e
701/702 C.isl ssp. ctisp. ..ol oo B T
531 C.isl. ssp. islandica ~ ....... Coe e T e
532 C.isl. ssp. islandica ... o 00 Lol Lol T e
533 C.isl. ssp. islandica ... o o0 Lol Lol T e
548 C.isl. ssp. islandica ... Lo oo oo Lol T i

Table 6. Sequences and alignments from the ITS 1 region of the new samples

51 10 20 30 40 50 60
520 Cetraria aculeata CTGAGAGAGG GGCTTCGCGC TCTCGGGGGT CTCGGCCCCT AACTCTTCAC CCTTTGTGTA CC
579 C. aculeata ... ... G e
592 C. aculeata ... .. ... L.Co. C o CT....... Co v
703 C. aculeata ... .. L. L.Co. C o CT....... Co v

544 C. eric. ssp. efic. ... o €
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60

630/642 C. e. ssp. e.
515 C. isl. ssp. antarc.
701 C. isl. ssp. crisp.
702 C. isl. ssp. crisp.
531 C. isl. ssp. isl.
532 C. isl. ssp. isl.
533 C. isl. ssp. isl.
546 C. isl. ssp. isl.
548 C. isl. ssp. isl.
547 C. muricata

580 C. muricata
628/643 C. odontella
704 C. odontella

234 Cetrariella delisei

70

80

90

100

110

120

520 Cetraria aculeata
579 C. aculeata

592 C. aculeata

703 C. aculeata

544 C. eric. ssp. eric.
630/642 C. e. ssp. e.
515 C. isl. ssp. ant.
701 C. isl. ssp. crisp.
702 C. isl. ssp. crisp.
531 C. isl. ssp. isl.
532 C. isl. ssp. isl.
533 C. isl. ssp. isl.
546 C. isl. ssp. isl.
548 C. isl. ssp. isl.
547 C. muricata

580 C. muricata
628/643 C. odontella
704 C. odontella

234 Cetrariella delisei

130

140

150

160

170

180

3

520 Cetraria aculeata
579 C. aculeata

592 C. aculeata

703 C. aculeata

544 C. eric. spp. etic.
630/642 C. e. ssp. e.
515 C. isl. ssp. antarc.
701 C. isl. ssp. crisp.

. isl. ssp. ctisp.

. isl. ssp. isl.

. is] ssp. isl.

. isl. ssp. isl.

. isl. ssp. isl.
548 C. isl. ssp. isl.
547 C. muricata

580 C. muricata
628/643 C. odontella
704 C. odontella

234 Cetrariella delisei

HHHAHAEAAAEAAAaS

pEraabEEEEEEIBAAQ
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Table. 7. Sequences and alignments from the ITS 2 gene of the new samples

10 20 30

40 50 60 70 80

520 aculeata
579 aculeata
592 aculeata

ATA-CCCCTC AAGCGTAGCT TGGTATTGGG TCTCGCTCCC -GTGGCGTGC CCGAAAAACA GTGGCGGTCC GGGGCGACTT

.................................... < c S
703 aculeata ... L e Cov e Gt e
544 eri. eri. L i G.... C..... Core e T e
630/642e.e. ... T e Coo.l. Coe e Gt e
515isl. ant. L. i CG. i iCot e Gt e
TOL/702 1. Ct. o e c..... Gt e < T T.....
531 isl.isl. . c.o.... Cote e < T
532 isl.isl. c..... Covt e < T
533 dsl.isl. . c.o.... Cote e < T
546 sl isl. L c..... Covt Coveii i Gt e
548 isl. isl. . c.o.... Cote e G.. A...A..... .... T.o....
547 muricata . e e Cov i A ...l <
580 muricata ... e e Cove i Ao ... GT. e
628/643 odon. ... Coe e G e -
704 odontella B e e Covt e Guv e T
234 delisei L c.o.... Cote m e Guv e T
90 100 110 120 130 140 150 160

520 aculeata
579 aculeata
592 aculeata

TAAGCGTAGT AAAA-CCAAT CCCGCTTTGA AAGTTCGCGT CGTGGCCGGC CAGACAACCC C----GTACA TTTCAAACCA

e Bt e i Tt e T..
703 aculeata .......... .... Bt e e e Tt e T..
544 etri. eri. ... ... A C. ol Tt e e T..
630/642e.e.  ...... Cov o T T L U R T..
515isl.ant. ... ... ool o e Cooviinn. Too ... T e
701/702 1. cr. o T Covinnn, T e e T..
531 isl.isl. ool L. A C. ... T e e T..
532 isl.isl. Lo Ll ool o e Cooviinn. Too ... T e T..
533 isl.isl. Lo L. A C. ... T e e T..
546 isl.isl. Lo Ll ool o Cooviinn. Tt e e T..
548 isl. isl. ... L. A C. ... T e e T..
547 muricata  .......... .... Tm e e B GTAC..... ....... T..
580 muricata  .......... ....T. e B e e T..
628/643 odon.  .......... .... Tomm e e T e T..
704 odontella  .......... .... R T e e e T..
234 delisei ... ... Too-e. ... Ao ... Ao Co i ACAT---- C....T..

tains 13% informative characters compared
with 5% for the group | introns (Tables 5-7).
The additional fragments amplified by the prim-
ers ITS1F and ITS4; the 3' end of the small
subunit (18S), the 5.8S gene, and the first
nucleotides of the large subunit (28S); did not
contain any variation and were therefore ex-
cluded from the phylogeny analyses.

I1. Phylogeny

Strict consensus trees of 28 samples based on
group | intron and ITS sequences separately
were in the present study calculated and com-
pared in PAUP 4.02b. A combined analysis

based on both matrices was finally performed.
Support values exceeding 50 (from 1000 repli-
cates) based on bootstrap analyses were added
to the strict consensus trees (Figs. 1-3).

Tree length for the intron tree=51,
RI=1.0000 and CI=1.0000. The tree based on
ITS characters has a tree length of 118,
RI1=0.8731 and C1=0.8559 and for the combined
matrix we obtained a tree length of 175,
RI=0.8750 and CI=0.8914.

Two of the high bootstrap support values
are recognized in all three consensus trees: (1)
the genera Cetraria and Cetrariella are distin-
guished from each other and (2) a C. aculeata



Tuckermannopsis subalpina

Cetraria odontella 704
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C. odontella622 Finland
C. odontella643 Finland

C. ericetrorum ssp. ericetorum 212
C. ericetrorum ssp. ericetorum 544

C. ericetorum ssp. reticulata 44 Canada

7 i C. islandicassp. islandica93 Iceland

C. islandica ssp. islandica531 Sweden

C. islandica ssp. antarctica

i

C. islandicassp. islandica532 Finland

C. islandica ssp. islandica533 Finland

C. islandica ssp. crispiformis 701 Finland
C. islandica ssp. crispiformis 702 Finland

62

C. islandica ssp. islandica41 Sweden

C. islandicassp. islandica548 Estonia

Cetraria arenaria

Fig. 1. Phylogeny of Cetraria s. str. based on
group | intron sequences from table 5. Strict
consensus tree based on 541 most parsimoni-
ous trees. Support values that exceed 50 based
on bootstrap analysis are indicated.

species group, including C. aculeata, C.
muricata and C. odontella, is recognized within
Cetraria.

An interesting paraphyletic pattern for C.
aculeata is strongly supported by the bootstrap
analyses of the ITS data. The samples are di-
vided among two groups according to the geo-
graphic origin. The European samples
(DNA#AT11, 192, 592 and 703) form a clade
together with the two C. muricata samples. The
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American material of C. aculeata, collected in
Chile (DNA#AT520) and eastern and western
North America (DNA#AT156, 579), interestingly
form a clade together supported by a bootstrap
value of 100. Cetraria odontella was never in-
cluded in Coelocaulon and a very close rela-
tionship with C. aculeata and C. muricata was
not expected (Figs. 2-3).

The strict consensus tree based on the com-
bined matrix, calculated from 1000 random
replicates, is leaving C. ericetorum as a
paraphyletic and C. islandica as a polyphyletic
taxon.

Congruence between the intron and ITS
data was tested, using the program KON (Farris
et al., 1994). According to the test data sets
are totally congruent.

Il1. Taxonomical conclusions

Sequences from different parts of the ribosomal
DNA have provided congruent results in multi-
gene studies. Data from the small subunit,
group | introns and ITS were successfully com-
bined within the families Parmeliaceae and
Roccellaceae (Mattsson & Wedin, 1998; Myllys
et al., 1999a, 1999b; Wedin et al., 1999). How-
ever, group | introns might be transposed be-
tween different positions in the rDNA (Thell,
1999). The applicability of group I introns is
still very little investigated. Phylogeny compari-
sons between DNA-data and morphology and
anatomy have, apart from multi-gene studies,
provided incongruent information at family level
(Myllys et al 1999b; Mattsson et al. in press).

In earlier molecular studies of cetrarioid li-
chens ITS sequences have been useful for dis-
tinguishing species regardless of their geo-
graphic origin of the samples (Thell & Miao,
1998). One single exception among cetrarioid
lichens outside Cetraria s. str. had been de-
tected until now. Two morphologically slightly
overlapping species, Platismatia herrei
(Imshaug) W. L. Culb. & C. F. Culb. and P.
stenophylla (Tuck.) W. L. Culb. & C. F. Culb.,
contained minute variation within the ITS re-
gions and did not appear as separate species
in a cladistic analysis (Thell et al., 1998). The
infraspecific variation of the ITS of C. aculeata,
C. ericetorum, and C. islandica is, on the other
hand, larger than what is usually observed in
the Parmeliaceae. However, there are still no
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Tuckermannopsis subalpina

Cetraria aculeata 11 Sweden
C. aculeata 592 Germany

100
7% C. aculeata703 Finland
£|: C. muricata 547 lceland
C. muricata 580 Canada
89 10 C. aculeata 156 Canada
L': C. aculeata 520 Chile

C. aculeata 579 Canada

99 C. odontella 704 Australia
C. odontella 622 Finland
C. odontella 643 Finland
C. arenaria

56 I: C. ericetorum ssp. ericetorum 212 Finland
C. ericetorum ssp. ericetorum 544 Sweden
C. ericetorum ssp. ericetorum 630 Finland
9% C. ericetorum ssp. ericetorum 642 Finland
C. ericetorum ssp. reticulata 187 Canada
C. ericetorum ssp. reticulata 44 Canada
i': C.islandica ssp. antarctica
C.islandica ssp. islandica 532 Finland

C.islandica ssp. islandica 533 Finland

94

C.islandica ssp. crispiformis 701 Finland

C.islandica ssp. crispiformis 701 Finland

C.islandica ssp. islandica 41 Sweden
5 I: C.islandica ssp. islandica 93 Canada
C.islandica ssp. islandica 548 Estonia

C.islandica ssp. islandica 94 lceland

C.islandica ssp. islandica 531 Sweden

C.islandica ssp. islandica 546 Finland

Cetrariella delisei

Fig. 2. Phylogeny of Cetraria s. str. based on
internal transcribed spacer (ITS) sequences
from tables 6-7. Strict consensus tree based
on 1000 random replicates. Support values that
exceed 50 based on a bootstrap analysis are
indicated.

species typical sequences for C. aculeata, C.
ericetorum or C. islandica and it is not evident
whether there is a very close relationship be-
tween the species or if the poor separation is a
result of a fast evolution at certain positions of
the ITS. If Cetraria aculeata and C. muricata and
the C. islandica group actually represent spe-
cies groups or single species can not be de-
cided on the basis of these results.

Tuckermannopsis subalpina

" Cetraria aculeata 11/ Sweden
C. aculeata 592 Germany

n C. aculeata 703 Firland
ﬂ[ C. muricata 547 leeland
C. muricata 580 Canada
C. aculeata 156 Canada
ﬂ[ C. aculeata 520 Chie
C. aculeata 579 Canada
1} C. odontella 704 Austalia
C. odontella 622 Finland
C. odontela 643 Firland
C. ericetorum s3p. ericetorum 212 Finland

R[]

9
C. ericetorum ssp. ericetorum 544 Sweden
| 0 |: C. ericetorum ssp. ericetorum 630 Finland
C. ericetorum ssp. reticulata 187 Canada
C. ericetorum ssp. reticulata 44 Canada

ﬂ[ C.islandica ssp. antarctica

C. islandica ssp. islandica 532 Finland

C. islandica ssp. islandica 533 Finland

C.islandica ssp.islandica 93 Canada

C. islandica ssp.islandica 531 Sweden

C. islandica ssp. crispiformis 701 Finland

5 C. islandica ssp. crispiformis 702 Finland
C.slandica ssp. islandica 41 Sweden

C.islandica ssp.islandica 548 Estonia

10 C. arenaria

C. islandica ssp. islandica 94 lceland

C. islandica ssp. islandica 546 Finland

Cetrariella delisei

Fig. 3. Phylogeny of Cetraria s. str. based on a
combined matrix of both group | intron and
ITS sequences from tables 5-7. Strict consen-
sus tree based on 1000 random replicates.
Support values that exceed 50 based on a
bootstrap analysis are indicated.
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Abstract: Recent Estonian Sarcoscypha collections were identified as . austriaca on the basis of ascospote germination and
anamorph characteristics. Ascospore germination and culture characters of . austriaca were described, and a distribution
map was compiled. The genus Sarcoscypha was previously known to be represented in Estonia by one species (S. coccinea).
The latter species might occur in Estonia as it is known from Sweden, but present data of it’s occurrence are questionable.

Kokkuvdte: Maarja Opik, Bellis Kullman & Anu Kollom. Sarcoscypha anstriaca (Pezizales) Eestis.

Viimastel aastatel Eestist kogutud karikseened osutusid eoste idanemise ja anamorfi tunnuste alusel liigiks S. austriaca.
Kirjeldatakse . austriaca eoste idanemist ja kultuuritunnuseid ning esitatakse liigi levikukaart. Karikseente (Sarcoscypha)
perekonnast on Eestist varem margitud vaid verev karikseen (8. coccinea). Viimane liik voiks Eestis esineda, kuna see leidub
Rootsis, kuid senised andmed tema tegeliku esinemise kohta on kahtlased.

INTRODUCTION

The genus Sarcoscypha contains a complex of
macroscopically similar species known as S.
coccinea s.l. (Baral, 1984). Three species of that
complex are known in Europe: S. austriaca
(Beck ex Sacc.) Boud., S. coccinea (Jacq.: Fr.)
Lambotte and S. emarginata (Berk. & Broome)
F.A. Harr. (=S. jurana (Boud.) Baral) (Baral,
1984; Harrington, 1990; Harrington & Potter,
1997). Earlier Estonian Sarcoscypha collections
have been considered to be S. coccinea (see
Jarva & Parmasto, 1980; Jéarva et al., 1998).
The species of the S. coccinea complex have
been delimited on the basis of fruitbody micro-
morphological characters (Baral, 1984;
Harrington, 1990; Harrington & Potter, 1997).
Due to the plasticity of these characters, con-
fusing misidentifications occur in literature (see
Harrington, 1990). The aim of the present study
is to identify the species of the genus
Sarcoscypha growing in Estonia using pure
culture and ascospore germination characters,
and characterize the distribution of the spe-
cies in Estonia.

MATERIAL AND METHODS

54 collections from different parts of Estonia
were used in the study, data on these have been

published by Kullman et al. (1999). Some ad-
ditional collections used are as follows:
HARJUMAA Co.: Kiili Comm., Kangro Manniku
(59°20°'N 24°42’E), growing through ice, 7 Apr. 1998
K. Kalamees, det. M. Opik (TAA 147930); Anija
Comm., 6 km from Kose, near the Vetla-Voose
crossroad (59°13'N 25°27'E), 7 Apr. 1998 K.
Kalamees, det. M. Opik (TAA 147931). POLVAMAA
Co.: Vaike-Munamaégi (58°02.12'N 26°30.5’E), on
wood, 4 Apr. 1998 L. Kalamees, det. M. Opik (TAA
171121). TARTUMAA Co.: Tdravere (58°16'N
26°27'E), 5 May 1996 M. Opik (TAA 165049, 165071,
165072), 11 May 1997 M. Opik (TAA 165098,
165099).

Microscopical characters of fresh
fruitbodies were observed and measured us-
ing light microscope, and tap water as
mountant. Ten or more spores and conidia were
measured for each specimen, using 100x im-
mersion objective.

Ascospores from living fruitbodies were
obtained by attaching a piece of apothecium to
the inner surface of a Petri dish cover. The
ascospores were allowed to discharge either
onto the bottom of an empty sterile Petri dish,
or onto the nutrient medium in a Petri dish,
the cover being rotated from time to time. As-
cospore germination was observed in a drop of
sterile distilled water in the cavities of specific
microscope slides. The slides were kept in mois-
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ture chamber at room conditions (18-20°C). The
ascospores on nutrient medium were allowed
to germinate in the incubator at 25+2°C.

Ascospore germination on different nutri-
ent media was studied in two collections dur-
ing one week (TAA 179032, 179033). The fol-
lowing media were used: 1.5% malt extract 2%
agar (MEA), potato dextrose agar (PDA), corn
meal agar (CMA), water agar (WA). Ascospores
were kept overnight in the refrigerator at 4°C
prior to germination tests.

Pure cultures were isolated from the mar-
gins of colonies formed by the germinated
ascospores and transferred to the fresh nutri-
ent medium. Cultures were grown on 1.5% malt
extract 2% agar (MEA) and potato-carrot agar
(PCA). Culture characters were studied during
6 weeks growth of the cultures in incubator
(25+2°C). Colours were described after
Kornerup & Wanscher (1978).

For nuclear staining, spores and conidia
were fixed in absolute ethanol:chloroform:ice
acetic acid (6:3:1) for 80 minutes, then sus-
pended in absolute ethanol for 15 minutes at
room temperature on a shaker in a 1.5 ml
Eppendorf tube. The samples were centrifuged
for 2.5 minutes at 3200 rpm and the
supernatant discarded. Resuspended samples
were washed twice with sterile water, and hy-
drolysed with 5 N HCI at 24°C for 24 h on a
shaker (Donadini, 1984). After that, the spores/
conidia were washed twice with sterile water
and once with PBS buffer. Nuclei were stained
with propidium iodide (Fluka) (10 mg/ml) in
PBS at 0°C for 1 h and observed under a fluo-
rescence microscope.

Fig. 1. Distribution of S. austriaca in Estonia.

The distribution map was generated using
the software package DMAP. Recording units
were given fixed size so that close localities
appear as a single dot on the map.

RESULTS

Species identification and distribution. The
observed type of spore germination in water and
on water agar, and size of conidia born on ger-
minated spores or in pure culture represent
those of S. austriaca as described by Harrington
(1990). All collections used in the study were
identified as S. austriaca. Apparently the spe-
cies is common in southern and central Esto-
nia, and rare in western and northern Estonia
(Fig. 1).

Ascospore germination. The ascospores of S.
austriaca germinated readily both in water and
on nutrient media, usually within 1-4 days.
One to four germ tubes were formed from as-
cospore tips but sometimes also laterally. Some
germinating ascospores were traversed by one
or two septae. Separation of endo- and epispore
layer was observed. Ascospores germinating in
water and on WA produced conidia on short
and often branched germ tubes, infrequently
directly on ascospores (Fig. 2, 3). Ascospores
were also found to germinate while still in as-
cus or on the hymenium in senescing
fruitbodies in humid conditions.

Rate and percentage of germination of
ascospores of two collections studied (TAA
179032, TAA 179033) differed on different nu-
trient media. The best germination was ob-
tained on PDA and CMA where most ascospores
germinated in 1 to 2 days. On MEA and WA
ascospore germination was slower (3 to 4 days)
and number of germinated ascospores was
much smaller. Only a few (2-3) germinated
ascospores were detected during a week of in-
cubation at room temperature (18-20°C). No
conidia were produced on PDA, CMA and MEA.

Number of nuclei. Cytological studies revealed
that both the spores (Fig. 4) and conidia of S.
austriaca are multinucleate. Nuclear numbers
in spores were 15-20, in conidia 5-9. Germi-
nated spores were typically emptied of nuclei,
which were apparently moved into the hyphae
and conidia.
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10 pm

Fig. 2. Ascospores at different stages of germination.

Culture description Culture appearance: aerial mycelium white,
. . woolly, low, sometimes floccose, later flattens
Teleomorph: Sarcoscypha austriaca (Beck ex . . } -

into thin cover, sometimes raises to the walls
Sacc.) Boud. A

of Petri dish, colony nontransparent to trans-
Growth rate: fast to very fast on MEA (26-60 parent. In some cultures (TFC 97-54 (on MEA),
mm/wk) and PCA(20-56 mm/wKk). TFC 97-55 (on MEA and PCA), TFC 97-62 (on

Fig. 3. Germinating ascospores with conidia.
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Fig. 4. Multinucleate ascospore stained with
propidium iodide.

MEA)) brownish red (Kornerup & Wanscher:
10E8-10D8) areas of irregular shape (“stro-
mata”) developed after at least 6 week growth
of cultures, paper-thin, tough, with reddish
pigment in surrounding medium, covered with
sparse white woolly mycelium. Marginal zone
of colony even or bayed, hyphae appressed to
raised, sparse to dense, intercalating. Reverse
unchanged or lightened, blackish red under
“stromata”’. Odour absent or aromatic (fruity)
to sourish, may be absent in older culture.

Microscopy: Aerial mycelium consists of hya-
line thin-walled hyphae, 2.5-7.5um in diam.,
infrequently to moderately branched, cyto-
plasm of hyphal tip cells filled with vacuoles.
Submerged mycelium consists of hyaline thin-
walled hyphae, 1.0-3.5 ym in diam, straight,
sinuous to coiled, infrequently branched, cy-
toplasm granular. “Stromata” consist of brown
thick-walled hyphae, 2.5-4.0 um in diam., very
frequently branched, strongly interwoven, cells
widened irregularly (textura epidermoidea),
sometimes with aggregates of dark red sub-
stance around hyphae.

Anamorph: Molliardiomyces coccinea Paden.
Conidiophores occurred in 6 isolates of 13 used
(TFC 96-130 (on MEA), TFC 6-132 (MEA), TFC
96-133 (MEA), TFC 96-135 (PCA), TFC 97-54
(PCA), TFC 97-55 (MEA, PCA)) after 5-6 weeks
to several months growth of cultures.
Conidiophores arose in aerial mycelium, re-
stricted to tufty areas, sometimes also on the
walls of Petri dish, not abundant.
Conidiophores erect, unbranched or irregularly
branched; conidia ellipsoidal, oblong, or
obovate, may be constricted in the middle,
rounded or truncate at base, hyaline, cytoplasm
granular, 8.2-14.6 x 3.8-5.1 uym(Fig. 5).

Studied isolates: TFC 96-123 (TAA 157461),
TFC 96-124 (TAA 157452), TFC 96-126 (TAA
157456), TFC 96-130 (TAA 157462), TFC 96-
131 (TAA 157464), TFC 96-132 (TAA 157465),
TFC 96-133 (TAA 157466), TFC 96-135 (TAA
157477), TFC 97-51 (TAA 147675), TFC 97-52
(TAA 147678), TFC 97-54 (TAA 165091), TFC
97-55 (TAA 157606), TFC 97-62 (TAA 147683b).

Fig. 5. Conidia in pure culture (anamorph
Molliardiomyces coccinea).

DISCUSSION

Ascospore germination by production of co-
nidia observed in poor nutritional conditions
(in water, on water agar) and on hymenium is
most close to what is described for S. austriaca
(Harrington, 1990). Germinated spores with
conidia in ascus and on hymenium have been
observed only in S. austriaca and occasionally
in S. occidentalis (Harrington, 1990). The co-
nidia of the latter species arise on hyphae from



the single polar end or both ends of a spore,
and are smaller than in S. austriaca (see be-
low) (Harrington, 1990).

Arisal of septa and separation of spore wall
layers during spore germination was observed.
The first phenomenon has been reported in S.
austriaca by some authors (Rosinski, 1953;
Baral, 1984; Fenwick, 1994), but has not been
seen by others (Alexopoulos & Butler, 1949;
Harrington, 1990). Separation of spore wall lay-
ers during germination was known before in S.
coccinea (Harrington, 1990).

Number of nuclei. The ascospores of S.
austriaca are known to be multinucleate
(Berthet, 1964; Baral, 1984) and this was con-
firmed in the present study (Fig. 4). Also, it
appeared that conidia of this species are multi-
nucleate.

Pure culture characters of S. austriaca iso-
lates studied were similar to those described
earlier by Paden (1984, as S. coccinea) and
Harrington (1990), except that blackish red
patches of textura epidermoidea (“stromata”)
were found in some isolates. These structures
are known in the cultures of Sarcoscypha
dudley (Harrington, 1990), S. coccinea (Berthet,
1964; Paden, 1984), and in two other genera
of the family Sarcoscyphaceae: Phillipsia lutea
and Pithya cupressina (Paden, 1984).

The size of conidia born on germinating
ascospores and in pure culture was 8.2-14.8 x
3.3-5.1 pm. Conidial size was variable within
and between collections but fell into the limits
given by Harrington (1990) for Molliardiomyces
coccinea, the anamorph of S. austriaca — 8.5—
15 x 3.5-5 pym. Conidial measurements after
Butterfill & Spooner (1995) are 12-17.5 x 5-
6.5um, after Baral (1984) 13-18 x 5-5.5 um.
Anamorphs are known in three other
Sarcoscypha species: S. coccinea (M.
eucoccinea), S. dudleyi (M. dudleyi), and S.
occidentalis (M. occidentalis). Their conidial
measurements are 4.4-6.5 x 2.2-3 um, 3.5-
5.2 x 2.5-3 ym, and 4.5-7 x 3.8 um, respec-
tively (Harrington, 1990).

Species identification and distribution. Ac-
cording to the type of spore germination and
the conidial measurements all Sarcoscypha
specimens collected in Estonia from 1995 to
1999 belong to S. austriaca. Species of the
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Sarcoscypha coccinea complex differ in their
shape of excipular hairs (straight or sinuous
to coiled), shape of spores (ellipsoidal, truncate
or indented), size of oil droplets in spores, form
of paraphyses (not moniliform or often monili-
form at base) (Baral, 1984; Harrington, 1990;
Butterfill & Spooner, 1995). Still, considerable
expertize is needed to recognize the
Sarcoscypha species by fruitbody characters,
especially if not using fresh (i.e. using
herbarized) material (see Harrington, 1990). On
the contrary, ascospore germination and
anamorph morphology have been reported to
distinguish well the species of the S. coccinea
complex (Harrington, 1990).

First, only spores of S. austriaca and occa-
sionally S. occidentalis, an American species,
germinate by producing conidia; S. coccinea,
S. emarginata, S. macaronesica (European spe-
cies), S. dudleyi (an American species) germi-
nate via germ tubes (Baral, 1984; Harrington,
1990). It has been shown that spores of S.
austriaca can germinate either by conidia or
germ tube (Harrington, 1990; Fenwick, 1994),
depending mainly on the nutrients available
(Fenwick, 1994). Both conditions can be seen
in one Petri dish, showing different reactions
of spores (Harrington, 1990; Fenwick, 1994).
Second, the size of conidia born on germinated
spores or in culture clearly delimits S. austriaca
from S. coccinea.

S. austriaca was found to be common in
Central and Southern Estonia, but it is appar-
ently rare elsewhere (Fig. 1). All collections have
been identified earlier as S. coccinea (see Jarva
& Parmasto, 1980; Jarva et al., 1998). Both S.
austriaca and S. coccinea are distributed in
Europe and North America (Baral, 1984;
Harrington, 1990), but in Europe do not occur
together in the same biotope (Baral, 1984). In
Great Britain S. coccinea is very rarely found
now, though was common previously; S.
austriaca has become more widespread than
before (Butterfill & Spooner, 1995). In North
America, the distribution of S. coccinea is re-
stricted, and does not overlap with S. austriaca
(Harrington, 1990). In Northern Europe, S.
austriaca is found in Denmark, Norway, Swe-
den, and Finland, being occasional to rare. S.
coccinea s. str. is occasional in Denmark, found
in Norway and Sweden (distribution not
known), while it's presence is questionable in
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Finland (Hansen & Knudsen, in print). The
above data suggest that S. coccinea s. str. might
occur in Estonia, as it is found in Sweden, but
present data are questionable.
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