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ABSTRACT

Two closely related species of the genus Barbilophozia: B. lycopodioides and B. hatcheri were studied in po-
pulations from the Tatra Range (S Poland), where they are frequent and widely distributed. Both species play an
important role in plant communities and grow here very often side by side. Typically developed plants are quite
easy to distinguish (even in the field), however morphologically intermediate forms, difficult to recognize by
using of classical taxonomic methods, sometimes are found. We found enzymatic markers, that allow to recogni-
ze the critical forms. Both studied species are different in enzymatic patterns of glutamate oxaloacetate transami-
nase (GOT) and peroxidases (PX). In GOT four different phenotypes were detected. The first two (GOT 1 and
GOT 2) were characteristic for B. hatcheri and next two (GOT 3 and GOT 4) for B. lycopodioides. Peroxidase
patterns, that were monomorphic and specific for each species, exhibit different mobility in anodal and cathodal
parts of gel. Results of the studies allowed us to draw the conclusion, that PX and GOT are good isoenzymatic
markers and they can have practical application for identification of Barbilophozia species.
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INTRODUCTION

The species of the genus Barbilophozia Loeske are fre-
quent, widely distributed and are a very important element
of hepatic flora in the Tatra Mts. (S Poland). In Europe the
genus is currently recognized as consisting of three spe-
cies: Barbilophozia barbata (Schmidel ex Schreb.) Loeske,
B. lycopodioides (Wallr.) Loeske, B. hatcheri (A. Evans)
Loeske. B. barbata shows narrow phenotypes diversity and
is quite easy to recognize. Two other species: B. lycopo-
dioides and B. hatcheri are considered as a critical species
complex and their taxonomy has been the subject of a de-
bate between bryologists. The geographic distribution of
these two species is similar, but B. lycopodioides has a ho-
larctic, almost strictly subarctic-subalpine distribution,
whereas B. hatcheri — bipolar species has a wider range
extending from subarctic-subalpine to arctic-alpine regions
(Schuster 1969). Both species have a large ecological scale
of tolerance, occupy similar sites preferring places of mo-

derate moisture. B. lycopodioides, which is more tolerant
for pH occurs on calcareous as well as on granite rocks,
whereas B. hatcheri grows mainly on granite rocks. The
species of the genus Barbilophozia, likewise other liver-
worts, often occur as pioneer plants occupying mainly pla-
ces with lower competition of flower plants and playing an
important role in the first stages of succession (Szweykow-
ski 1996).

An ability to inhabit various ecological niches by these
species is directly connected with a wide range of morpho-
logical variation, which gives those simple organisms
a large adaptative capability that, according to Schuster
(1966), compensates the low level of genetic variation ob-
served in liverworts. The morphological plasticity, simple
gametophyte structure, which often occurs in sterile stage
and the small size of liverworts are the main reasons of dif-
ficulties with taxa determination by means of classical ta-
xonomy methods. In spite of intensive studies (Schuster
1969; Miiller 1951-1958; Smith 1990; Schljakov 1980) the
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taxonomic status of B. lycopodioides and B. hatcheri rema-
ins still unclear. Besides typically developed plants, which
can be easy distinguished on the ground of morphological
features (Schuster 1969; Miiller 1951-1958), and can scar-
cely be confused, there are some untypically developed
forms with a modification of main diagnostic characters
used to separate B. lycopodioides from B. hatcheri. The
diagnostic characters include the presence of gemmae, the
shape of margin cells of leaf lobes or the size of plants
(Miiller 1951-1958; Schuster and Damsholt 1974). The
modifications of the above mentioned features and the
occurrence of so-called ‘intermediate’ forms caused that B.
hatcheri was treated as a variety of B. lycopodioides (Schl-
jakov 1980). Some doubts about the taxonomic status of B.
hatcheri has also Smith (1990), Schuster (1988), however
pointed out that B. hatcheri, even if sometimes difficult to
separate from B. lycopodioides, is a clearly distinct species.

The purpose of the present study is to investigate isozy-
me polymorphism within two species B. lycopodioides and
B. hatcheri in Poland in respect to two enzyme systems:
peroxidases and glutamate oxaloacetate transaminase and
check whether their phenotypes can be used as diagnostic
markers.

MATERIAL AND METHODS

Plant material

The material for electrophoretical studies was collected
from natural populations in the mountains of the Tatras
National Park. We sampled a total of 22 populations: 13 of
B. lycopodioides and 9 of B. hatcheri. The names of the
species are in accordance with Grolle and Long (2000).
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The samples from each discrete population measured ap-
proximately 10 cm X 10 cm. Each of them was divided into
two parts: one of them was put into pots filled with peat
mixed with soil and kept in a glasshouse until they were
studied (for several weeks), the second part was dried and
deposited as voucher specimens in the POZW herbarium
(Table 1).

The electrophoretic analyses were performed for 10 ga-
metophytes from every sample. Plants were identified ac-
cording to morphological features (Schuster 1969) by Prof.
dr Jerzy Szweykowski. The analyses were repeated 3 ti-
mes.

Electrophoretic technique

A single stem was homogenized in 40 pl of extraction
buffer (Wyatt et al. 1989). Paper wicks (3 mm X 8 mm)
Whatmann were soaked with the crude extract and next put
into 10% starch-gel (Starch Art) prepared with lithum-bo-
ric buffer system (Wendel and Weeden 1989).

Gels were specifically stained for peroxidases (PX —
E.C.1.11.1.7.) and glutamate oxaloacetate transaminase
(GOT - E.C.2.6.1.1). These enzymes were detected by
standard staining methods (Wendel and Weeden 1989).

RESULTS

Both species presented specific banding patterns for pe-
roxidases (PX) and glutamate oxaloacetate transaminase
(GOT) enzyme systems. The electrophoretic phenotypes of
PX were different for B. lycopodioides and B. hatcheri, but
inside each species they were monomorphic. Three zones
of activity were revealed for PX system (Fig. 1). Two of

TABLE 1. Collection sites for all populations included in the isozyme analyses. All studied populations came from Tatra Mts. in Poland.

Sample no. POZW no.  Stations m a.s.l. Date Collectors
Barbilophozia lycopodioides

1. 38902 Mata Panszczycka Mtaka peat bog 1260 01.08.1999 ML, JS
2. 38882 Toporowe Stawy peat bog 1100 30.08.1999 AB, JS,
3. 38949 Dol. Pysznianska valley 1700 31.07.1999 KB, AB
4. 38961 Pyszniafiska Przetecz saddle 1720 31.07.1999 ML, KB
5. 38964 Las Gasienicowy forest 1450 02.08.1999 KB, AB
6. 38879 Brzeziny village 1050 30.07.1999 JS, AB
7. 39286 Dol. Panszczycy valley 1230 18.08.2000 AB, KB
8. 39287 Dol. Suchej Wody valley 1250 18.08.2000 AB, KB
9 39242 Dol. Jaworzynka valley, Zleb pod Czerwienica gully 1450 15.08.2000 AB, KB
10. 39284 Dol. Suchej Wody valley, Psia Trawka forest 1200 18.08.2000 AB, KB
11. 39266 Las Capowski forest 975 16.08.2000 AB, KB
12. 39268 Las Capowski forest 975 16.08.2000 KB, AB
13. 39245 Dol. Jaworzynki valley, Zleb pod Czerwienica gully 1460 15.08.2000 AB, KB
Barbilophozia hatcheri

1. 38830 Las Capowski forest 950 30.07.1999 JS, ML
2. 38832 Las Capowski forest 970 30.07.1999 KB, JS
3. 38789 Dol. Spadowiec valley 1100 25.07.1999 KB, JS
4. 38905 Ornak Mt. 1700 29.07.1999 KB, AB
5. 38852 Posredni Goryczkowy Wierch Mt. 1750 21.07.1999 KB, AB
6. 39318 Z6tta Turnia Mt. 1690 20.08.2000 KB, AB
7. 39319 Z6tta Turnia Mt. 1700 20.08.2000 AB, KB
8. 39314 Dol. Gasienicowa valley, place called Dubrawiska 1490 20.08.2000 AB, KB
9. 39343 Dol. Suchej Wody valley 1200 23.08.2000 KB, AB

Collectors: AB — Alina Baczkiewicz; KB — Katarzyna Buczkowska; ML — Marlena Lembicz; JS — Jerzy Szweykowski.
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Fig. 1. The phenotypes of peroxidase isoenzymes in Barbilophozia hatch-
eri (1) and B. lycopodioides (2).
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Fig. 2. The phenotypes of GOT isoenzyme in Barbilophozia hatcheri (1,
2) and B. lycopodioides (3, 4).

them (PX-A, PX-B) were found in the anodal and one (PX-
C) in the cathodal part of gel. The first zone included the
fastest migrating bands: PX-A1 — specific for B. hatcheri,
and PX-A2 for B. lycopodioides. The second zone (PX-B),
slower migrating, but more active than the first one, was
formed by two bands: PX-B1 occurring only in B. hatcheri
and PX-B2 occurring only in B. lycopodioides. Cathodal
peroxidases (PX-C) were composed of two fenotypes. The
first of them in Figer 1 (PX-C2) specific for B. lycopodioi-
des included one band, but the second one (PX-C1) speci-
fic for B. hatcheri included a few connected bands.

As it is illustrated in Figer 2, four different alleles of
GOT enzyme system were detected in the two taxa. The
first two slower bands (GOT 1 and GOT 2) were characte-
ristic for B. hatcheri and the next two (GOT 3 and GOT 4)
for B. lycopodioides.

DISCUSSION

Both investigated species have relatively large, partly
overlapping, range of morphological variation (Schuster
1988; Schuster and Damsholt 1974; Schljakov 1980), the-
refore their classification only on the ground of morpholo-
gical features can sometimes be difficult. However, isozy-
me research, which has recently played an important role
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in solving some taxonomic problems in liverworts provide
isoenzyme markers that allow to classify the critical forms
correctly. These studies have given the solution to such
problems as for example in the genus of Pellia Raddi
(Krzakowa 1981; Odrzykoski et al. 1996) Plagiochila (Du-
mort.) Dumort. (Krzakowa and Szweykowski 1977), Caly-
pogeia Raddi (Szweykowski and Krzakowa 1990), Lopho-
zia (Dumort.) Dumort. (Krzakowa et al. 1991) or Porella
Dumort. (Boisselier-Dubayle et al. 1994).

Our studies reveal that the phenotypes of PX and GOT
are useful for identification of B. lycopodioides and B. hat-
cheri. A lot of information about the difference between the
species was provided by peroxidase complex that is compo-
sed of PX-A, PX-B and PX-C (Fig. 1). The distance betwe-
en bands PX-A and PX-B in B. lycopodioides is always lon-
ger than the distance between the same bands in B. hatcheri.
The cathodal part of gel is remarkable where the peroxidase
electrophoretic pattern shows two different phenotypes.
Both phenotypes were identical inside the species in all in-
vestigated material. Consequently, the cathodal pattern can
serve as the diagnostic marker for these species. Peroxidase
isoenzymes in the cathodal part have been known as good
taxa markers in bryology for a long time (Krzakowa 1991;
Krzakowa 1993). They were detected in other critical spe-
cies of liverworts, for example in Lophozia incisa (Schrad.)
Dumort. and L. opacifolia Culm. ex. Meyl. (Krzakowa et al.
1991). B. lycopodioides and B. hatcheri were different in
the anodal part in GOT too (Fig. 2). The GOT system,
which is also species-specific, was often used as a control
(Odrzykoski 1995). Our study has confirmed this opinion.

As it is well known, the electrophoretic data reveal that
genetic differences very often correspond with morpholo-
gical traits (Boisselier-Dubayle and Bischler 1994; Bi-
schler and Boisselier-Dubayle 1999; Wyatt et al. 1997). In
liverworts complexes of critical, closely related species are
known. Moreover, the high plasticity of morphological
characters, induced by environmental conditions, cause
that they are difficult to recognize only on the basis of
morphological characters. The material identified by the
electrophoretic method can be used for searching new, re-
liable morphological and anatomical diagnostic features,
that allow to classify untypically developed plants in the
field as well as in the herbarium, as has been shown in stu-
dies of the genus Calypogeia (Szweykowski and Buczkow-
ska 1998; Buczkowska 1999) or Odontoschisma (Dumort.)
Dumort. (Szweykowski and Buczkowska 1999).

The results of our studies show genetic differences be-
tween B. lycopodioides and B. hatcheri and support the
Schuster’s (1988) opinion that they must be treated as two
species. However, evidence of the genetic distinctness be-
tween these species demands wider genetic studies and de-
tailed morphological analyses.
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IZOENZYMATYCZNE MARKERY DWOCH GATUNKOW WATROBOWCOW:
BARBILOPHOZIA LYCOPODIOIDES (WALLR.) LOESKE I B. HATCHERI (A. EVANS) LOESKE

STRESZCZENIE

Dwa blisko spokrewnione gatunki z rodzaju Barbilophozia: B. lycopodioides i B. hatcheri sa czgstym elemen-
tem flory watrobowcéw Tatr. Oba gatunki charakteryzuja si¢ szeroka tolerancja ekologiczng i zajmuja podobne
siedliska, a co za tym idzie, czesto spotyka si¢ je rosnace razem. Duza plastyczno$¢ morfologiczna tych roslin po-
woduje powstanie nietypowych form, czesto trudnych do oznaczenia za pomoca klasycznych metod taksono-
micznch. Rozwigzaniem tego problemu moze by¢ znalezienie izoenzymatycznych markeréw, pozwalajacych na
prawidtowa identyfikacje watpliwych form. Oba taksony zbadano pod wzgledem dwéch ukladéow enzymatycz-
nych: transaminazy glutaminianowo-octanowej (GOT) i peroksydaz (PX). U obu gatunkéw zaobserwowano inng
ruchliwo$¢ prazkéw peroksydaz, i to zaréwno w czesci anodowej jak i katodowej zelu. Elektroforetyczne fenoty-
py peroksydaz byty monomorficzne, state i specyficzne dla kazdego gatunku. U obu taksonéw znaleziono cztery
rézne fenotypy GOT. Pierwsze dwa (GOT 11i GOT 2) byty charakterystyczne dla B. hatcheri a nastgpne dwa
(GOT 3 i GOT 4) dla B. lycopodioides. Powyzsze wyniki wskazuja, Ze isoenzymy PX, jak i GOT sa dobrymi
markerami i moga mie¢ praktyczne zastosowanie do oznaczania gatunkow z rodzaju Barbilophozia.

SEOWA KLUCZOWE: Barbilophozia lycopodioides, B. hatcheri, watrobowce, izoenzymatyczne markery.
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