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On systematics and history of the Bulgarian
representative of genus Isoetes L.

Ivanka Stefanova, Daniela Ivanova

Abstract. For the first time the morphology of fossil and recent macro- and microspores of
Isoetes L. was subjected to SEM studies and it was established that the spores belong to one and
the same species, Isoetes lacustris L. Data of spore-pollen and macrofossil analyses have shown that
in Late Quaternary and Early Holocene (11800-7000 BP) Isoetes lacustris was widely spread in
Bulgaria. The shrinking of its area during Holocene was related to gradual overgrowth and drying
up of the water basins inhabited by it.
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Introduction

During Late Quaternary and Holocene a number of aquatic plants in Europe
manifested radical changes in their area. Contrary to the majority of tree taxa,
whose rapid distribution and occupation of new terrains during Holocene had ex-
panded their areas, changes in aquatic plants related to loss of territories and
shrinking of areas (L an g 1994).

In Bulgaria genus Isoetes L. has aroused not only the interest of paleobotanists,
but also of florists and taxonomists. It is noted in Bulgarian and foreign botanical
literature that this genus is represented now in Bulgaria by a single species reported
as Isoetes lacustris L. (Hayek 1927;Stojanoff &Stefanoff 1933
1948;Stefanoff 1943, Achtarov 1963;Jermy 1964;Andreev
1992), Isoetes setacea L. am . (Velchev & Bondev 1984; Kochev
& Jordanov 1981; Kitanov & Kitanov 1990), or Isoetes
echinospora Durieu (Jalas &Suominen 1972;Greuter &
al. 1984; Ferrarini & al 1986). Identification of the species of genus Isoetes
has always been extremely difficult, mainly owing to their very similar external
morphology (Hickey & al 1989). Most taxonomic classifications in this genus
have been based mainly on the macrospore sculpture (P feiffer 1922;Kott
&Britton 1983). So far, such studies have not been done in Bulgaria.

The absence of an uniform taxonomic standpoint on the now existing represen-
tative of the genus in Bulgaria and the fossil macro- and microspores of Isoetes
discovered in the Late Quaternary sediments of some lakes in the Pirin Mts, have
determined the purpose of this investigation: 1. To study the sculpture specificities
of recent and fossil macrospores with a Scanning Electron Microscope (SEM). To
establish on the basis of this analysis whether it was one and the same species and
which species occurred in the area in the past and now; 2. To trace out the Late
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Quaternary distribution of the species in Bulgaria on the basis of data obtained
from spore-pollen and macrofossil analyses.

Taxonomic treatment and contemporary distribution of genus Isoefes L. in
Bulgaria

Isoetes L. is a cosmopolitan genus of heterosporous lycopsids comprising ap-
proximately 150 species, including aquatic and terrestial forms (Taylor &
Hickey 1992). Spore size and ornamentation have been often the major
characters used in distinguishing or determining Isoetes species (P feiffer 1922;
Kott &Britton 1983).In spite of considerable variation of the sporoderm
morphology (Hickey 1986), the characteristics of macrospores and more sel-
dom of microspores have been used in the identification of species in many floras
and regional studies (for instance, Berthet & Lecocq 1977).

Genus Isoetes was mentioned for the first time for Bulgaria with its species
Isoetes lacustris L. by Haye k (1927). It was featured under the same name in
the florasof Stojanoff &Stefanoff (1933,1948),of Achtarov
(1963), as well as in the studies of Jermy (1964) and Andreev (1992).
Under the name Isoetes setacea L a m. the species was given in the flora by
Stojanoff & al (1966), where I lacustris auct. Fl. Bulg., non L. was given
as its synonym. Jalas & Suominen (1972) and Jermy &
Akeroyd (1993) maintained a different opinion, excluding I lacustris from
the Bulgarian flora and including instead I. echinospora D u r i e u. In the works of
Greuter &al (1984) and Ferrarini & al (1986) Bulgaria was also
added to the area of I echinospora.

Contemporary distribution of I echinospora and I. lacustris in Europe takes
place mainly in the northern part of the continent, with local occurrences of both
species in the south. The area of L. setacea includes Southwest Europe J alas &
Suominen 1972;Jermy & Akeroyd 1993).

In Bulgaria Isoetes is distributed only in the Pirin Mts, Southwest Bulgaria
(Fig. 1). It was reported in a number of glacial lakes in those mountains: Banderitsa,
Popovo, Todorino, etc. lake groups (Kochev & Jordanov 1981). The
lakes are chiefly oligotrophic, formed mainly on Precarbon granites (Boyadjiev
1959; Ivanov & Sotirov 1964).

Material and methods

Fossil and recent macrospores and recent microspores of Isoetes were subjected
to SEM analysis. The spores were collected in two lakes of the Popovi Ezera lake
group: lake Popovo Ezero-1 (Papazgyol, 2263 m a.s.l.) and lake Popovo Ezero-6
(2185 m a.s.l.).

The fossil macrospores were separated in the analysis of plant macrofossil
remains obtained from a 250 cm sediment core taken with a Dachnowski corer from
the peripheral part of lake Popovo Ezero-6. The laboratory treatment of lake sedi-
ment samples for a macrofossil analysis, the obtained results and the dating of
sediments, which began to accumulate somewhere about 7000 BP, were described in
detail in Stefanova & Bozilova (1995). Macrospores from sedi-
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Fig. 1. Map of Bulgaria with contemporary distribution of Isoetes L.

ments dated to about 4000 BP, 3500 BP and 3000 BP were subjected to a SEM
analysis.

The recent macro- and microspores were collected from lake Papazgyol in 1989
and 1998.

Spore sculpture was observed with JEOL SEM at 25 kV. The terminology used
in the descriptions was after Hickey (1986), Tryon & Lugardon
(1990), and Punt & al. (1994).

Twenty-five micro- and macrospores each were measured with light micro-
scope, without the perisporium.

Results and discussion

Spore morphology

Fossil macrospores (Plate I): equatorial diameter 360-600 pm (3000 BP), 470-
530 um (3500 BP), 380-500 pm (4000 BP), trilete, heteropolar, spheroidal or rounded
triangular when viewed from the pole. Perisporium on the distal face with a dense
system of short, irregular, not very distinct crests forming an incomplete cristate
pattern (Plate I-3, 4). Proximal face with even less pronounced crests merging in
spots into rugae (Plate I-1, 2, 5, 6). Laesura and equatorial ridge identical looking,
narrow, straight, with or without a narrow strip of papillae in the adjacent zones
(Plate I-1).

Recent macrospores (Plate II): equatorial diameter 448-572 pm, trilete, het-
eropolar, radially symmetrical with a rounded triangular profile, when viewed from
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Plate 1

Figures 1-6. SEM photomicrographs of fossil Isoetes macrospores: 1. Macrospore (4000 BP), equatorial
view, proximal face left, x 150; 2. Detail in equatorial region, x 350; 3. Macrospore (3500 BP), nearly
distal view, x 150; 4. Surface detail, x 500; 5. Macrospore (3000 BP), proximal view, x200; 6. Surface
detail, x 1500.
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Plate 11

Figures 1-6. SEM photomicrographs of recent Isoetes macrospores and microspores: 1. Macrospore,
proximal view, x 150; 2. Macrospore, distal view, x 150; 3. Macrospore, near proximal view, x 100;
4. Macrospore, surface detail, x500; 5. Macrospore, proximal view showing spore distortion, x 150;
6. Microspores nearly lateral view, x 1500.
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the pole. Perisporium on the distal face with relatively high crests, isolated or
forming a network of irregular anastomoses, more or less flattened (Plate II-2).
Proximal face with less dense and high ornamentation, occasionally distorted at the
centre of proximal surfaces from the pressure into each other (Plate II-5), with a
cristate or echinate perisporium with irregular, coarse, scarce spines (Plate II-1, 3,
5). Laesura and equatorial ridge identical looking, narrow and not very high, straight.
There were much finer and denser spines or tubercules in the zones adjacent to the
three ridges of the laesura and at the equatorial ridge (Plate II-1, 3, 4).

Recent microspores (Plate II): 35-42 um long, monolete, bilaterally symmetri-
cal, with elliptical profile. Perisporium laevigate or with low, sparse, not very pro-
nounced papillae or tubercules (Plate 1I-6). Laesura with not very prominent ridges
(Plate II-6). Equatorial ridge missing.

Our SEM analysis of the sculpture specificities of fossil and recent Isoetes
macrospores, as well as the observations with binocular and light microscope led us
to the conclusion that the spores belonged to Isoetes lacustris L. (Table 1). Our data
were similar to those published by Berthet & Lecocq (1977) and by
Ferrarini & al (1986). Missing was the echinate ornamentation character-
istic of 1. echinospora (Berthet &Lecocq 1977;Prada 1983;Kott
&Britton 1983;Ferrarini &al 1986;Britton &Brunton
1989, etc.), as well as the thick and distinct laesura and equatorial ridge, and
tuberculate ornamentation of I setacea (Berthet & Lecocq 1977
Prada 1983).

The sculpture of fossil and recent macrospores was similar, of cristate type.
There were only slight differences in the perisporium sculpture of the material dated
to 3000 BP. With fossil spores one should account for the conditions of their
preservation in the sediments, which might be not equally favourable in time. A
possibility of immature spores, which in the earlier stages of their development
could show quite a different type of sculpture, should not be excluded too. The
insignificant differences observed by us led us to the decision that it was the same
taxon as with the more adult material.

The fact that the investigated material belonged to I. lacustris was also corrobo-
rated by the data about the size and character of the perisporium sculpture of
recent microspores (Table 1). The microspores were larger that those of 1. echinospora
(24-30 um) and I setacea (28-35) reportedbyBerthet & Lecocq (1977),
Prada (1983)andFerrarini & al (1986). The sculpture specificities of
the perisporium of the investigated microspores - the absence of an equatorial ridge
(as in L setacea) and of spines (as in I setacea and I. echinospora) - coincided with
those reported by the above authors for 1. lacustris.

Late Quaternary fossil finds of Isoetes in Bulgaria

Unfortunately very few fossil finds of Isoetes have been evidenced in the coun-
try. Micro- and macrospores of I lacustris were discovered in the Late Quaternary
sediments in the Pirin Mts (Stefanova & Bozilova 1995
Stefanova inprep.) and in the Western Rhodopes (Huttunen & al
1992).

In the Pirin Mts the first microspores of I lacustris (under 1% of the total sum
AP+NAP) were established in sediments dated to about 7000 BP in three glacial
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lakes: lake Popovo Ezero-6, lake Bezbog (Stefanova & Bozilova
1995), and lake Dalgoto Ezero (Stefan ova in prep.). Paleoecological data
showed that in the 6000-3000 BP period the species was best represented in the
composition of the fossil aquatic vegetation (Fig. 2). In the spore-pollen spectra of
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Fig. 2. Participation of Isoetes lacustris L. in fossil spore-pollen spectra of the investigated lakes in the
Pirin Mts. The percentage content of microspores was calculated in relation to AP+NAP. Macrospores
in the sediments of lake Popovo Ezero-6 are represented in absolute numbers for a volume of 50 cm?.
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lake Popovo Ezero-6 the percentage content of microspores varied between 2-4%,
and in those from lake Bezbog between 3-7%. The maximum development of the
species was about 4000 BP. At that time the percentage content of microspores in
lake Bezbog was 7% and in lake Popovo Ezero-6 4%, and the concentration of
identified macrospores in the sediments of lake Popovo Ezero-6 reached its maxi-
mum. That was followed by a period of gradual restriction of I lacustris in the
composition of aquatic vegetation, and after 2400 BP the species disappeared from
its composition in lake Popovo Ezero-6, while in lake Bezbog the participation of
common quillwort was considerably reduced. In lake Dalgoto Ezero of the Banderishki
Ezera lake group single microspores of I lacustris were also discovered in the
sediments dated approximately to 2000 BP. These were the last finds of this species,
which is now missing from the lake aquatic flora (Stefanova in prep.).

In the Western Rhodopes single microspores of 1. lacustris were identified in the
Late Glacial sediments of the Kupena peat bog (1300 ma.sl.) (Huttunen &
al. 1992). These have been the earliest fossil finds reported so far. The species
disappeared from the composition of fossil local flora after 7000 BP.

Paleorecords showed that in Late Quaternary and Early Holocene (11800-
7000 BP) I lacustris was wider spread in the country. Shrinking of its area, as was
the case in the Western Rhodopes, was related to gradual overgrowth of the water
basin inhabited by it and its transformation into a peat bog (Huttunen etal
1992). In the Pirin Mts the disappearance of this species from the local flora of lake
Popovo Ezero-6 about 2400 BP, as well as its reduced distribution in lake Bezbog
also resulted from overgrowth of the lakes and shrinking of the open water surface.
The transition of the type of sediments from fine into coarse detritus lake mud, and
finally peat accumulation serves as an indicator for these changes (Stefanova
& Bozilova 1995). It was much more difficult to explain the absence of
common quillwort from the composition of contemporary local flora in lake Dalgoto
Ezero. Contrary to the other two lakes, the peripheral peating processes in lake
Dalgoto Ezero have been less prominent. That was evidenced also by the low
development coefficient of its shoreline I vanov & Sotirov 1964). Along
with that, in lake Zhabeshko Ezero (2322 m a.s.l.), situated several hundred meters
away from lake Dalgoto Ezero and belonging to the same lake group, I. lacustris was
represented on a mass scale. As single microspores were identified only in two
samples of the investigated sediments from lake Dalgoto Ezero, it could be assumed
that they were transferred there. There was evidence of an underground inflow of
waters of the higher situated lake Zhabeshko Ezero into it Ivanov &
Sotirov 1964). Besides by water, distribution of spores of I lacustris was also
possible when herbivorous mammals used these plants for food (Camus & al
1991).

The scanty data on fossil distribution of I. lacustris in Europe were summarized
byLang (1994) (Fig. 3). Judging by the Late Glacial finds of the species in the
BritishIsles(Jessen & Farringston 193§;Vasari &Vasari
1968; Birks 1973) and in Southern Sweden (Berglund 1966;
Digerfeldt 1972), Lang (op.c.) assumed that the Late Glacial refugia
of the common quillwort were chiefly in that part of the continent. Finds of I
lacustris in the Late Glacial sediments in the Western Rhodopes testified that this
species had also refugia in Bulgaria. The data about the first emergence of I
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lacustris in the Pirin Mts and in the Massif Central Mts (France) were close in time,
about 7500 BP (Lang & Trautmann 1961). Similar abundance of the
species in the Pirin Mts, somewhere between 6000-3000 BP, was also characteristic
for other parts of Europe, with particularly close results from the investigations of
Schwarzwald, Switzerland (L a n g 1955). Data from Bulgaria on the area shrink-
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Fig. 3. Map of the contemporary area and fossil finds of Isoetes lacustris L. in Europe according to
Lang (1994), supplemented with data from Bulgaria. The circles and large black dots with numbers
indicate the radiocarbon dating of finds; the large white circles indicate finds in localities without
contemporary habitats; the large black dots indicate finds in localities with contemporary habitats; the
small dots indicate contemporary area (after Jalas & Suominen 1972).
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ing of the common quillwort during Holocene coincide with those published for
other parts of Europe (L ang 1994) and they support the explanation that this
process was due to drying up of the water basins where the species used to live.

Conclusions

The results from the SEM analysis of fossil and recent macrospores of genus
Isoetes confirmed their belonging to one and the same species: Isoetes lacustris L.

In Late Quaternary and Early Holocene (11800-7000 BP) I. lacustris was wider
distributed in the country: in the Pirin Mts and in the Western Rhodopes.

Finds of I lacustris in the Late Glacial sediments in Bulgaria showed that it was
distributed not only in the western parts of the Continent.

Acknowledgements. The authors are grateful to Prof., D.Sc. Emanuil Palamarev for his attention,
critical notes and recommendations to this work, as well as to all colleagues who helped carry it
through. SEM analysis of the fossil and recent spores was carried out with the financial support of
the National Research Fund under Contract B-625.

Address: Received: November 1, 1999
Institute of Botany,

Bulgarian Academy of Sciences

Acad. G. Bonchev Str., bl. 23

1113 Sofia, Bulgaria

References

Achtarov, B.1963. Fam. Isoé¢taccae Trevis.-In:Jordanov,D. (Ed), Flora Rep. Pop.
Bulg., 1: 90-91, Sofia. Acad. Press (in Bulgarian).

Andreev, N. 1992. Lycopodiophyta - In: Kozucharov,S. (Ed.), A Field Guide to the
Bulgarian Vascular Plants, Sofia, Nauka i Izkustvo (in Bulgarian).

Berthet,P.&Lecocq,M. 1977. Morphologie sporale des especes francaises du genre Isoetes
L. - Pollen et Spores, 19: 329-349.

Berglund, B.E. 1966. Late-Quaternary vegetation in eastern Blekinge, Southeastern Sweden. A
pollen analytical study. Late-Glacial time. - Opera Bot., 12(1): 1-180.

Birks, HJ.B. 1973. Past and Present Vegetation of the Isle of Skye. A Palaeoecological Study.
Cambridge.

Boyadjiev, St 1959. On the geology of Pirin mountain. - Ann. Dir. Rech. Geol. Sofia, 8: 89-125
(in Bulgarian).

Britton,DM.&Brunton,D.F. 1989. A new Isoetes hybrid (Isoetes echinospora x riparia) for
Canada. - Can. J. Bot., 67(10): 2995-3002.

Camus,JM,Jermy,AC. & Thomas, BA. 1991. A World of Ferns. London.

Digerfeldt, G. 1972. The Post-Glacial development of lake Trummen. Regional vegetation
history, water level changes and paleolimnology. - Folia Limnol. Scand., 16: 1-104.

Ferrarini,E,Ciampolini, F,Pichi Sermolli, REG &Marchetti,
D. 1986. Iconographia Palynologica Pteridophytorum Italicae. - Webbia, 40(1): 1-202.

Greuter,W,,Burdet, HM. & Lo n g, G. (Eds.) 1984. Med-Checklist. 1. Pteridophyta (ed.
2), Gymnospermae, Dicotyledones (Acanthaceae-Cneoraceae). Geneve.

Hayek, A 1927. Prodromus Florae Peninsulae Balcanicae. 1: Pteridophyta, Gymnospermae,
Dicotyledoneae (Apetalae et Choripetalae). Dahlem bei Berlin.

Hickey,RJ. 1986. Isoétes Megaspore Surface Morphology: Nomenclature, Variation, and Systematic
Importance. - Amer. Fern J., 76(1): 1-16.

Hickey,RJ, Taylor,W.C.&Luebke,NT. 1989. The Species Concept in Pteridophyta
with Special Reference to Isoétes. - Amer. Fern. J., 79(2): 78-89.

Huttunen,A,Huttunen,R-L,Vasari,Y,Panovska,H &Bozilova,
E. 1992. Late-Glacial and Holocene history of flora and vegetation in the Western Rhodopes
Mountains, Bulgaria. - Acta Bot. Fennica, 144: 63-80.

41



Ivanov,K &Sotirov, A 1964. Proceedings of the Institute of Hydrology and Meteorology,
XVI. Sofia (in Bulgarian).

Jalas,J. &Suominen,lJ. (Eds.) 1972. Atlas Florae Europeae. 1. Pteridophyta (Psilotaceae to
Azollaceae). Helsinki.

Jermy, A.C. 1964. Isoetaceae. - In: Tutin, T.G. & al. (Eds.), Flora Europaea. I: 5-6.

Jermy, AC. & Akeroyd, JR. 1993. Isoetaceae. - In: Tutin, T.G. & al. (Eds.), Flora
Europaea. 1. Psilotaceae to Platanaceae (2 ed.), Cambridge University Press, 6-7.

Jessen,K &Farringston, A 1938 The bogs at Ballybetagh, near Dublin, with remarks
on the Late-Glacial conditions in Ireland. - Proc. Roy. Acad., 44B: 205-260.

Kitanov,B. &Kitanov,G. 1990. Flora of Pirin, 12 p., Sofia (in Bulgarian).

Kochev,H &Jordanov,D.1981. Vegetation of Water Basins in Bulgaria. Ecology, Protection
and Economic importance. Sofia (in Bulgarian).

Kott,L & Britton, D.M. 1983. Spore morphology and taxonomy of Isoetes in northeastern
North America. — Can. J. Bot., 61(12): 3140-3163.

L an g, G. 1955. Uber spitquartire Funde von Isoétes und Najas flexis im Schwarzwald.- Ber. Deutsche
Bot. Ges., 68: 24-27.

Lang, G. 1994. Geschichte einiger Wasserpflanzen. In: Quartdre Vegetationsgeschichte Europas,
200-210. Gustav Fischer Verlag Jena Stuttgart New York.

Lang,G &Trautmann,W. 1961. Zur spit- und nacheiszeitlichen Vegetationsgeschichte der
Auvergne (Franzosisches Zentralmassiv). - Flora, 150: 11-42.

Pfeiffer, NE. 1922. Monograph on the Isoetaceae. - Ann. Missouri Bot. Gard., 9: 79-232.

Prada, C. 1983. El genero Isoetes L. en la Peninsula Iberica. - Acta Bot. Malac., 8: 73-100.

Punt,W,Blackmore,S,Nilsson,S.&Le Thomas,A. 1994. Glossary of Pollen
and Spore Terminology. Utrecht.

Stefanoff,B. 1943. Phytogeographische Elemente in Bulgarien.- Abhandl. Bulg. Wiss. Acad., 39.
(in Bulgarian).

Stefanova, I. Late-Glacial and Early-Holocene dynamics of the vegetation in Pirin Mts
(Southwestern Bulgaria): palynological study of the lake Dalgoto Ezero. (in prep.).

Stefanova,l. &Bozilova,E. 1995. Studies on the Holocene history of vegetation in the
Northern Pirin Mts (Southwestern Bulgaria). - In: Bozilova,E. & Tonkov, S. (Eds.),
Advances in Holocene Palaeoecology in Bulgaria, 9-31. Sofia. Pensoft Publ.

Stojanoff,N. & Stefanoff, B. 1933. Flora of Bulgaria, 2" ed., 1104 pp., Guttenberg
Print. House (in Bulgarian).

Stojanoff,N. & Stefanoff, B. 1948. Flora of Bulgaria, 3 ed., 1363 pp., Sofia, Univ.
Print. House (in Bulgarian).

Stojanoff,N,Stefanoff,B. &Kitanov,B.1966. Flora of Bulgaria, 4" ed. I. Sofia.
Nauka i Izkustvo (in Bulgarian).

Taylor, WC. & Hickey, RJ. 1992. Habitat, Evolution, and Speciation in Isoetes. - Ann.
Missouri Bot. Gard., 79: 613-622.

Tryon,A &Lugardon, B. 1990. Spores of the Pteridophyta. Springer-Verlag.

Velchev,V.&Bondev, I 1984. Threatened and rare plant communities in Bulgaria. - In:
Contemp. Theoret. and Applied Aspects of Plant Ecology, I: 94-105 (in Bulgarian).

Vasari,Y. & Vasari, A 1968. Late- and Post-Glacial macrophytic vegetation in Lochs of
Northern Scotland. - Acta Bot. Fenn., 80: 1-120.

42



