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FUNARIA MUHLENBERGII ~ AND FUNARIA PULCHELLA
(FUNARIACEAE, BRYOPHYTA) IN HUNGARY

P. ERZBERGER

Beiziger Str. 37, D-10823 Berlin, Germany

The distribution of the two moss species Funaria muhlenbergii and F. pulchella in Hungary has been
established by revision of the specimens in BP. Contrary to the picture suggested by the Hungarian
literature to date, F. pulchella is about as frequent as F. muhlenbergii. The records of the species are
presented in two maps. Some of the morphological features useful in identification of the species are
discussed and in part illustrated. The number of stomata per sporophyte is a good discriminating
character that significantly differs between the two species: F. muhlenbergii has (43-)72(-101)
stomata per capsule, F. pulchella (19—)31 (—42). Ananalysis of the collection data reveals that the two
species may differ slightly in the time of ripening of the sporophyte, since on average the capsules of
F. muhlenbergii open about two weeks later than those of F. pulchella.
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INTRODUCTION

The species of the Funaria muhlenbergii group were poorly understood be-
fore the basic work of CRUNDWELL and NYHOLM (1974), in which three species
are recognised: F. muhlenbergii Turner, F. pulchella Philib. and F. conica Spruce,
the latter a more strictly Mediterranean species that does not occur in Hungary and
will not be considered further.

In earlier works (e.g. LIMPRICHT 1895, MONKEMEYER 1927) the names F.
dentata Crome and F. mediterranea Lindb. were inuse for the taxa now called F.
muhlenbergii and F. pulchella, respectively (see also Discussion), although, taxo-
nomically, these are synonyms of F. muhlenbergii, since their types belong to this
species (CRUNDWELL and NYHOLM 1974). Boros and other Hungarian collectors
used these older names in herbarium labels, but in his monography, BOROS (1968)
follows the taxonomic concept of LOESKE (1929), who considered F. mediter-
ranea not to be specifically distinct from F. dentata and attributed to it the rank of a
variety only. However, BOROS (1968) uses the name F. muhlenbergii instead of F.
dentata, and he considers F. mediterranea to be merely a habitat form ("Stand-
ortsform"), occurring with the type.

Although in the revision of CRUNDWELL and NYHOLM (1974), three Hungar-
ian specimens are mentioned - two of F. muhlenbergii (Vértessomlé, Csakberény)
and one of F. pulchella (railway between Als6gdd and Dunakeszi) -, their concept
has up to now not been fully applied to the taxa occurring in Hungary. ORBAN and



VAJDA (1983) correctly quote the Dunakeszi specimen of F. pulchella, but they
obviously believed that all of the other "F. muhlenbergii* records of Boros do be-
long to this species sensu Crundwell and Nyholm. In describing the area of F.
muhlenbergii they closely follow BORoS (1968), thus implying that F. muhlen-
bergii is widespread, whereas F. pulchella is a very rare species in Hungary that
has only been collected once near Dunakeszi (ORBAN and vAJDA 1983). Conse-
quently, RAJCzY (1990) considers F. pulchella to be an endangered species
("aktuélisan veszélyeztetett mohafaj") because only one site of occurrence was
known.

Doubts about this picture arose, when in spring 2001 the author collected F.
pulchella in four different locations in Hungary. It was therefore decided, to exam-
ine the specimens of the Hungarian Natural History Museum of Budapest (BP).

The results of the revision are presented in this paper. They include comments
on the morphological differences between the species as seen in Hungarian mate-
rial, quantitative data on stomatal number, an investigation of the coincidence be-
tween F. dentata IF. mediterranea and F. muhlenbergii IF. pulchella, a corrected
geographical distribution of the species, and an evaluation with respect to their
ecological behaviour, especially the phenology of sporophyte ripening.

MATERIAL AND METHODS

All specimens from the present territory of Hungary labelled Funaria dentata Crome or a syn-
onym were obtained from the bryophyte collection of the Hungarian Natural History Museum in Bu-
dapest (BP). Four gatherings of the author were also included in part of the study (for a list of
specimens see Appendix 1). Specimens were examined by light microscopy and revised according to
the features mentioned in crRunbwELL and NYHoLM (1974).

In order to count the number of stomata, adry capsule was boiled in 2% KOH solution for some
seconds, rinsed in water, cut longitudinally in halves, emptied and mounted in water with the outer
surface at the top. Using magnifications between x 100 and x400, stomata can reliably be detected. In
a random sample of 6 specimens of each species a total of 47 capsules (on average 3.9 + 0.2 capsules
per specimen) was examined. Since the data did not fulfil the assumptions of parametric tests, a
Mann-Whitney U-test was used for the comparison of the species.

For further analysis, the sample of specimens had to be corrected for duplicates.

The coincidence of earlier determinations (as F. dentata and F. mediterranea, resp.) with the
results of the present revision (interms of F. muhlenbergii and F. pulchella, resp.) was tested by chi*
analysis.

To explore possible differences in phenology of the two species, the time of collection (day,
month) was evaluated. However, since the collected plants were not in the same phenological stage,
the time of collection could not be used directly, but a correction was applied as detailed in Appendix
2. This results in obtaining from the date of collection an “estimated day of dehiscence™ d for each
specimen (counted indays from the beginning of March), i.e. the day when 50% of all capsules in the



specimen are deoperculate. A mean value of d was then computed for each species separately and the
difference in mean was tested for statistical significance using Student's t-test.

Nomenclature of mossesfollows CORLEY et al. (1981 ) and CORLEY and CRUNDWELL (1991 ),
that of liverworts GROLLE and LONG (2000).

RESULTS

Of the 98 specimens obtained from BP one did not represent a species of the
Funaria muhlenbergii group. Of the remaining 97 specimens, 45 (37 after correc-
tion for duplicates) were F. muhlenbergii and 52 (39) F. pulchella. 70 out of these
97 specimens (72.2%) were collected by Boros, the outstanding personality in
Hungarian bryology of the 20th century. A list of the specimens studied, together
with the results of the revision, is given in Appendix 1.

It was in all casespossible to name species unambiguously; no intermediates
were encountered.

The following morphological charactersproved to be the most useful with the
Hungarian material (Table 1, Fig. 1):

(i) the denticulation of the leaf margin in the upper part of the leaf (Fig. 1A, D);

(ii) the size and shape of the ripe theca (Fig. | B, E);

(iii) the ornamentation of the spore surface (Fig. IC, F).

Table 1. Morphological charactersuseful in distinguishing between F. muhlenbergii and F.
pulchella (CRUNDWELL and NYHOLM 1974, LIMPRICHT 1859 and own observations).

Funaria muhlenbergii Funaria pulchella

Leaf margin sharply serratein upper haf nearly entire to bluntly
of leaf by projecting cells; denticulate by slightly pro-
marginal cells usually longer jecting cell ends;
and narrower than adjacent marginal cells similar to ad-
cells jacent cells

Spore surface coarsely papillose finely papillose to vermi-

Size and shape of ripe theca

Stomatal number (mean + se)

Length of terminal cell of leaf
apex

Length of seta

ca 3 mm, oblong-pyriform

71.2+2.9
up to 450 urn

7-11 mm

culate

ca 2 mm, subglobular-pyri-
form

30.0£1.5

up to 280 urn, but often
shorter

5-8 mm



Fig. 1. A-C: Funaria muhlenbergii, D-F: Funaria pulchella. - A, D: apical part of leaves; B, E: cap-

sules; C, F: spores. Scale bar: leaves: 1 mm; capsules: 3.8 mm; spores: 133 um. - A, C from BP 6800

(Pilis Mts, Kétagu-hegy, Kesztdlc); B from BP 114899 (Gerecse Mts, Voros-hegy, Tatabanya); D

from Erzberger 7001 (Gerecse Mts, Pes-ké, Vértestolna); E from BP 114889 (Vértes Mts, Csatorna-

volgy, Csdkberény); F from BP 114914 (Danube valley, railway between Dunakeszi and Alsdgdd)
(see Appendix 1 for details).



Useful, though not as important as the above-mentioned features, is also the
length of the terminal cell of the leaf apex, a character that is excellently illustrated
in SMITH (1978) as well asin CRUNDWELL and NYHOLM (1974). Another charac-
ter mentioned by them is setalength; Hungarian material seemsto fall within the
ranges reported for British material (Table 1).

Finally, the number of ssomata per sporophyte proved to be agood discrimi-
nating character (Fig. 2). According to a sample of 6 specimens of each species,
stomatal number (minimum - median - maximum) in F. muhlenbergii is
(43-)72.5(-101), whereasinF. pulchella itis (19-)31(—42). The difference is sta
tistically significant (p < 0.005) according to the Mann-Whitney U-test (Z =
-5.844).

In Figure 3, the results of the present revision of Hungarian specimens ac-
cording to the modern taxonomic concept of the F. muhlenbergii group are com-
pared to the names found on the specimen labels that result from out-dated con-
cepts. 30 gpecimens (81.1%) of the total of 37 specimens revised as F. muhlen-
bergii had been labelled F. dentata, but only 7 (18.9%) as F. mediterranea. On the
other hand, 28 specimens (71.8%) of the total of 39 specimens revised a F.
pulchella had been labelled F. dentata, and 11 (28.2%) as F. mediterranea. Al -
though a slightly higher percentage of F. pulchella than of F. muhlenbergii had
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Fig. 2. Boxplot of stomatal number in Funaria muhlenbergii and F. pulchella. Range and inter-
quartile range (box) with median are depicted. Number of capsules: F. muhlenbergii: n = 26; F.
pulchella: n=21.



thus been labelled F. mediterranean the coincidence of the two taxonomic concepts
is very poor (Pearson chi’ = 0.906, p = 0.341).

Figures 4 and 5 show the records known at present of F. muhlenbergii and F.
pulchella, respectively, in Hungary. Both species seem to occur predominantly in
the Transdanubial part of the Hungarian hills; the Pilis-Buda Mts, the Gerecse Mts
and the Vértes Mts west of the Danube. East of the Danube only one isolated re-
cord exists of F. muhlenbergii and two of F. pulchella. Both species also occurin
the south of Hungary, inthe Villany Mts, and F. muhlenbergii in the Mecsek Mts
as well. F. muhlenbergii seems to extend further to the west: there are records from
the Bakony Mts, the Keszthely Mts and the hills north of Lake Balaton. No speci-
men of F. pulchella was seen from these areas.

In those regions where the species occur together, they are sometimes found
in the same locations. Examples are Remete-hegy (Mériaremete) inthe Pilis-Buda
Mts; Pes-k& (Vértestolna) and Voros-hegy (Tatabanya) in the Gerecse Mrts;
L6f6-hegy (Vargesztes) and Csatorna-vélgy (Csakberény) in the Vértes Mts. One
of the specimens of this latter location contains a mixed stand of the two species.
This proves that the habitat requirements of F. muhlenbergii and F. pulchella are
very similar, to say the least. According to the information on specimen labels and
field observations of the author, both occur in open calcareous grasslands, on thin
layers of soil, often rendzina, in crevices or more frequently on ledges of calcare-
ous rock. It is therefore not astonishing, that they are accompanied by nearly the
same bryophytes in the specimens studied. The most frequent companions are:

F. muhlenbergii F.pulchella

Species

Fig. 3. Comparison of revision results (F. muhlenbergii versus F. pulchella) with names on specimen
labels (F. dentata versus F. mediterranea). Pearson chi’ = 0.906, p = 0.341.



Fig. 4. Records of Funaria muhlenbergii in Hungary, according to herbarium specimens revised by
the author.

Fig. 5. Records of Funaria pulchella in Hungary, according to herbarium specimens revised by the
author.



Encalypta vulgaris, Phascum cuspidatum, Manniafragrans, Pleurochaete squar-
rosa, Encalypta streptocarpa and Phascum curvicolle. With the exception of
Encalypta streptocarpa, these speciesare typical of the Grimaldion fragrantis Sm.
et Had. 1944 (MARSTALLER 1993).

Most specimens of the two species contained considerable numbers of ripe
sporophytes, but somefew collections consisted of sterile plants or plants with un-
ripe sporophytes still covered by the calyptra. Small numbers of unripe sporo-
phytes were also present in most specimens containing predominantly ripe cap-
sules. Ripening of sporophytestherefore appearsto be rather heterogeneous within
and among single gatherings. This necessitated the application of a correction to
the collection data when the phenology of the two species was to be compared, as
detailed in the Methods section and Appendix 2.

The analysis of the collection data shows that sporophytes of both species
ripen between March and June, but it also revealed that F. muhlenbergii ssemsto
lag behind F. pulchella inthis respect, when average values are compared (Fig. 6).
In F. muhlenbergii sporophytesripen on average about 13 dayslater (50% deoper-
culate round the 4 May) than inF. pulchella (50% deoperculate about the 21 April).
According to the t-test, the difference in mean day of dehiscenceis significant be-
tween the gpecies (t = 2.028, df = 74, p < 0.05).

Fig. 6. Time of sporophyte ripening in Funaria muhlenbergii and Funaria pulchella. Day of
dehiscence (counted from 1 March): 50% of sporophyteswithoutlid. Mean * 2 standard errors. Num-
ber of specimens: F. muhlenbergii: n = 37; F. pulchella: n= 39.



DISCUSSION

In the present study, all herbarium specimens in BP of the F. muhlenbergii
group from Hungary have been assigned to either of the two species F. muh-
lenbergii and F. pulchella according to the morphological features detailed in Ta-
ble 1 and in part illustrated in Figure 1. No intermediate forms have been found.

However, earlier works dealing with this species group in Europe (LOESKE
1929, CRUNDWELL and NYHOLM 1974) come to the conclusion that intermediates
do occur and that naming plants is sometimes not possible. Inawider geographical
context, the occurrence of other taxa like F. convexa or the recently re-evaluated F.
durieui Bescherelle (syn. Entosthodon schimperi Brugués; BRUGUES et al. 2001)
may complicate the situation. Therefore, it may in part be due to their absence from
Hungary that a clear-cut picture was obtained for this country.

It follows that the morphological characters summarised in Table 1are useful
for the distinction of the two species in Hungary. It is possible that the use by ear-
lier workers of other features like costa length, the twisting of the seta, exothecial
areolation or peristome ornamentation, features less constant and less reliable, had
obscured the concepts of the two species (LOESKE 1929, CRUNDWELL and
NYHOLM 1974).

Although the difference in stomatal number between F. muhlenbergii and F.
pulchella had been noted and described in general terms like "frequent" and "less
frequent”, respectively, by earlier workers (e.g. LIMPRICHT 1895, DE SLOOVER
and DEMARET 1968), in this study, for the first time, quantitative data on stomatal
number are published. Since the number of stomata per sporophyte does not over-
lap and the difference in mean value is statistically highly significant, it appears
that stomatal number is a discriminating character that can be used profitably in
naming plants. Stomatal number in the two species is sufficiently different to allow
the use of a less elaborate method for counting stomata than that described in the
method section: in fact inspection of one side of an undissected capsule at low
magnification (e.g. x40) may be sufficient.

In a species complex where naming can be critical (CRUNDWELL and NY-
HOLM 1974), any additional character should be welcome. Therefore, it might be
rewarding to examine other taxa of the F. muhlenbergii group with respect to
stomatal number. Stomatal number as an additional sporophytic character could
also be useful for the detection of hybrids.

In other moss genera, e.g. Ulota, the taxonomic use of stomatal number may
be restricted by a greater amount of variation within taxa, at least partly due to en-
vironmental conditions (ERZBERGER, in press). No indication for such variation
was found in the present study in Hungarian Funaria, but data from wider regions,



more extended field observations and cultivation experiments would be beneficial
to obtain a deeper insight into these questions.

Some of the intermediates mentioned by CRUNDWELL and NYHOLM (1974)
were attributed to hybridisation between taxa. In the Funariaceae, hybrids have
been described both between genera and between species (e.g. MONKEMEYER
1927, LOESKE 1929, SMITH 1978, PETTET 1964, ANDREWS 1918, 1942, BRITTON
1895, PODPERA 1954, WETTSTEIN 1932). In Hungary, F. muhlenbergii and F.
pulchella grow inthe same places and even form mixed stands, conditionsthatin
principle could favour the formation of hybrids. Apart from these spatial require-
ments, a temporal condition crucial for hybridisation is the synchronous develop-
ment of gametes.

According to the results of the phenological analysis, the sporophytes of both
species ripen in spring. Although no data are available on the development of
gametangia, it seems reasonable to assume that, similarly to sporophyte ripening,
formation of gametes and fertilisation also happen at about the same time in both
species. In favour of this hypothesis are field observations suggesting that the life
cycle of the species in question is completed within a rather short period of time (a
few weeks or months).

On the other hand, the collection data of the Hungarian plants suggest that
there is on average a difference of about thirteen days in the development of sporo-
phytes between F. muhlenbergii and F. pulchella (Fig. 6). Field observations on
mixed populations of the two species would be needed to establish whether such a
difference could in fact operate as an isolating mechanism preventing cross fertili-
sation.

In the material examined in this study, no evidence for the existence of hy-
brids was found. It can therefore be concluded that, if hybrids between F. muh-
lenbergii and F. pulchella occur in Hungary, they must be quite rare.

Although CRUNDWELL and NYHOLM (1974) showed that the type of F. me-
diterranea Lindb. belongs to F. muhlenbergii, according to the description in vari-
ous handbooks (LOESKE 1929, LIMPRICHT 1895, MONKEMEYER 1927) the con-
cept of F. mediterranea corresponds to F. pulchella. This is characterised (follow-
ing LIMPRICHT 1895) among others by less serrate leaf margins, finely papillose
spores, a shorter theca on a shorter neck, and less frequent stomata. It is therefore
astonishing that the specimens labelled F. mediterranea form only a minor subset
of the specimens revised as F. pulchella, and that on the other hand many speci-
mens of F. muhlenbergii were labelled F. mediterranea, in other words that the co-
incidence of F. mediterranea and F. pulchella is as low as that. Boros obviously
had tried to get a better understanding of the species complex, as is evident from
some revision slips found in specimens of F. pulchella with notes like "I var.



meditt." in his hand or "+atmeneti alak a F. mediterranea Lindb.-hez 1929.1.1. A.
Boros".

The distributional data presented in this study show that F. muhlenbergii and
F. pulchella in Hungary predominantly occur within the same area. They show the
characteristic area-type of the sub-Mediterranean element in Hungary (zOLYOMI
1942) centring in the Transdanubial uplands, with only few isolated occurrences in
the eastern range near Eger and Miskolc, respectively. According tobuLL (1985),
both species show a sub-Mediterranean - suboceanic - montane pattern of distri-
bution. In western and central Europe as well as in Hungary, they occur in low-
lands and in the colline region. In Britain F. muhlenbergii reaches its highest alti-
tude at 380 m a.s.l. (CRUNDWELL 1994) and in Germany at 370 m a.s.l. (DuLL
1994), and F. pulchella is a lowland plant (CRUNDWELL 1994). However, in the
Iberian peninsula, F. muhlenbergii occurs at 1,000-1,700 m a.s.l., whereas F.
pulchella grows at 200-1,450 m as.l. (CASAs et al. 1996). F. muhlenbergii
reaches southern Scandinavia (CRUNDWELL 1994), whereas F. pulchella has its
most northern records in Scotland (CRUNDWELL 1994) and, on the Continent, in
the Odera valley in Germany (ERZBERGER 2002, unpublished; the alleged occur-
rence in Brandenburg of F. muhlenbergii (BENKERT et al. 1995, LUDWIG et al.
1996) erroneously refers to a record of F. pulchella).

In Hungary, F. muhlenbergii and F. pulchella are very similar in geographical
distribution. They also occur in the same localities and share the same habitat.
Therefore, their ecological demands appear to be very similar. This is best docu-
mented by the fact that they can form mixed stands. However, according to the re-
sults of the phenological analysis, they may differ in the time of sporophyte ripening.

Although the difference in the mean estimated day of dehiscence is statisti-
cally significant, more work is needed to evaluate the biological significance of
this result. The time course of sporophyte ripening obviously depends on a number
of environmental factors, e.g. the overall meteorological and climatic situation as
well as microclimatic and habitat features. The sample of gatherings analysed con-
tains a very large degree of variation in this respect, because specimens were col-
lected at different localities as well as in different years. In the statistical analysis,
these differences are in part levelled off, but there remains some uncertainty. Close
field observation of mixed stands could perhaps yield some relevant information
on the subject, but difficulties are inherent in the varied microhabitats in which the
species grow. Thus, when small turfs of plants of F. pulchella collected by the au-
thor on 21 April 2001 at Pes-kd (Vértestolna) were inspected for the fraction of
deoperculate sporophytes, this proportion varied between 0.17 and 0.9 (mean +
s.d.: 0.53 = 0.26). On the other hand, cultivation of the two species should not be
too difficult, and experiments of that kind might shed light on the question whether



there isan intrinsic difference in the time schedule of sporophyte devel opment. But
research of that kind is beyond the scope of the present study.

The habitats of both speciesin Hungary gppear at present not to be threatened
by influences of human civilisation. Since, according to the present revision, F.
pulchella isnot lessfrequent than F. muhlenbergii, it cannot be considered an en-
dangered speciesin Hungary any longer. Besides, F. pulchella has been foundin
five localities recently (PAPP and ERZBERGER 2000, and unpublished collections
of the author, sse Appendix 1), wheress the latest find of F. muhlenbergii dates
back to 1966 (Villany Mts, Vajda). Although this may be due to the fact that
bryofloristical research intensity has been rather low in Hungary after the period of
Boros and Vajda, the possibility cannot be ruled out that the populations of F.
muhlenbergii have decreased within the last decades. Whether thisis so, further
field work must show.
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Appendix 1. List of specimens
[additions of the author are in square brackets]

Funaria muhlenbergii

Biikk Mts- BP 114931 : Comit. Borsod. In rupibus calcareis montis Varhegy prope Gorom-
boly-Tapolca, ca. 200 m.s.m. leg. Boros 22.5.1937.

Pilis Mts- BP 6798, BP 114934: Comit. Esztergom. In rupestribus calcar. sept, montis Harom-
sz4z-garadics prope Pilisszentlélek, 550 m.s.m. leg. Boros 28.4.1946. [The specimen BP 114934 is
the voucher specimen of the spore micrographs of Funaria dentata in JARAI-komLODI (1974),
Funaria muhlenbergii in BOROS and 1ArRAI-koMLODI (1975) and BOROS et al. (1993)]. - BP 6800:
Com. Esztergom. In rupibus calcareis montis Oregszirt, Kétaguhegy supra pag. Kesztélc leg. L.
Vajda 28.4.1946.

Buda Mts - BP 63862: Comit. Pest. In rupibus dolomiticis montis Kis Szénas supra pag.
Pilisszentivan leg. L. Vajda 18.4.1960. - BP 114920: Comit. Pest. In humosis inter saxa calc. umbr.
vallis ad pedem merid. montis Remetehegy pr. Mériaremete, alt. ca. 300 m.s.m. leg. Boros 20.6.1923.
- BP 114922: Comit. Pest. In calcareis montis Remete-hegy ad Mariaremete, alt. ca. 3-400 m.s.m.
leg. Boros 28.3.1926. - BP 114924: Comit. Pest. In humosis inter saxa calc. merid. montis Remete-
hegy pr. Méariaremete, alt. ca. 3-400 m.s.m. leg. Boros 20.5.1945.

Gerecse Mts - BP 114907: Comit. Komarom. In rupestribus calcareis montis Tardosi Gorba
propeTardos, alt. ca. 400 m.s.m. leg. Boros 7.5.1933.-BP 114906: Comit. Koméarom. In rupestribus
calc. or. montis Halyagoshegy prope Vértestolna, alt. ca. 400 m.s.m. leg. Boros 26.4.1931. - BP
6808: Hung, occid. Montes Gerecse: in mte "Pesk6" pr. pag. Alsogalla, in terra humosa calc, alt. cca.
500 m leg. Szepesfalvy 2.6.1935. - BP 114903: Comit. Komarom. In humosis inter saxa calc. montis
Peskd prope Tarjan, alt. ca. 350-400 m.s.m. leg. Boros 2.6.1935. - BP 114905: Comit. Komarom. In
calcareis montis Peskd prope Tarjan, alt. ca. 3-400 m.s.m. leg. Boros 29.4.1928. - BP 114900:
Comit. Komarom. In humosis inter saxa dolomit, montis Bagoly-hegy prope pag. Gyermely, alt. ca.
250 m.s.m. leg. Boros 22.5.1941. - BP 114899: Comit. Komarom. In rupibus calcar. merid. montis
Veres-hegy prope pagum Alségalla [Tatabanya, Voéros-hegy], alt. ca. 300 m.s.m. leg. Boros 2.4.1939.

Vértes Mts - BP 114908: Comit. Koméarom. In humosis inter saxa calc. partis sept, montis
Suhogé pr. Vértessomlo, alt. ca. 300 m.s.m. leg. Boros 14.4.1935 [A duplicate in S-PA of this gather-
ing is quoted by crRunDwELL and NYHoLm (1974)]. - BP 6801, BP 114911: Comit. Komérom. In
rupibus calcar. occid. dumet. montis L6f6 supra pag. Vargesztes, alt. ca. 350 m.s.m. leg. Boros
29.4.1935. - BP 114890: Comit. Fejér. Inrupibus dolomiticis vallis Tamas-arok prope pag. Szar, leg.
Dr. Z. Zsak 22.6.1940. - BP 114882, BP 114883: Comit. Fejér. In rupibus dolomit, ad "Macska-
godor" vallis "Fanien-volgy" prope Vérteskozma, alt. ca. 300 m.s.m. leg. Boros 1.5.1932. - BP 6807,
BP 114888: Comit. Fejér. In rupestribus dolomiticis vallis Csatorna-volgy prope Csakberény, alt. ca.
3-350 m.s.m. leg. Boros 20.6.1935 [A duplicate in S-PA of this gathering is quoted by cRuUNDWELL
andnyHoLM (1974)]. -BP 114889: Comit. Fejér. In humosis inter saxa dolomit, in rupestribus vallis
Csatorna-volgy prope Csdkberény, alt. ca. 3-400 m.s.m. leg. Boros 17.4.1949 [mixed gathering with



F. pulchella, containing a piece of substrate with a mixed stand]. - BP 6806, BP 114887: Comit.
Fejér. In rupibus dolom. umbrosis montis Kistabor-hegy prope Csakvar, alt. ca. 350 m.s.m. leg.
Boros 7.4.1935.

Bakony Mts - BP 89872: Com. Veszprém, prope Csesznek, Czuhapatak volgye. Indecliv.
mont, meridion. Solo calcareo, ca. 370 m leg. Pénzes 6.6.1928. - BP 114928: Comit. Veszprém. In
humosis inter saxa calc. vallis Cuhavdlgy pr. Csesznek, alt. ca. 400 m.s.m. leg. Boros 7.6.1928. -BP
27044: Comit. Veszprém. Inrupibus calcareis Forrasztoké montis Somberek hegy prope pag. Ugod,
montes Bakony, leg. L. Vajda 5.4.1954; BP 114927: Comit. Veszprém. In rupestribus calcar. montis
Somberek "Forrasztdké" diet, prope Ugod, alt. ca. 3-350 m.s.m. leg. Boros 5.4.1954. - BP 114925:
Comit. Fejér. Inhumosis inter saxa dolomit, montis Baglyas-hegy pr. Inota, alt. ca. 2-300 m.s.m. leg.
Boros 6.4.1951. - BP70981: Comit. Veszprém. In rupibus dolomiticis siccis vallis rivi Sédpatak
prope pag. Veszprém; mtes. Bakony leg. L. Vajda 20.6.1965; BP 114930: Comit. Veszprém. In
rupestribus dolomit, vallis rivi Séd prope Veszprém, alt. ca. 250 m.s.m. leg. Boros 20.6.1965. - BP
62490: Comit. Veszprém. In monte Csobanc [Diszel] leg. L. Vajda 1.5.1959. - BP 57033: Comit.
Veszprém. Inrupibus calcareis montis Kispuposhegy prope pag. Zalaszant6 leg. L. Vajda 1.5.1956. -
BP 114913: Comit. Zala. In humosis inter saxa dolomit, montis Pupos-hegy prope Rezi, alt. ca. 300
m.s.m. leg. [Boros* wife ("legit uxor mea")] 1.5.1956. - BP 49010: Comit Veszprém. In rupibus
calcareis montis Kiimell prope pag. Rezi leg. L. Vajda 1.5.1956. - BP 26284: Comit. Veszprém. In
rupibus calcareis in sylvestribus vallis Horogvdlgy prope pag. Akali leg. L. Vajda 17.4.1953.

Mecsek Mts- BP 114915, BP 114916: Pécs, a Szt. Bertalan-hegy nagy sziklai alatt. Mészk6n
Triaskalk sonnig trocken, kb. 380 m. tszf. leg. Dr. Visnya Aladar 18.7.1934.

Villany Mts - BP 70983: Hungaria merid. Comit. Baranya. In rupestribus montis Tenkes,
prope pag. Méariagyid leg. L. Vajda 26.3.1965. - BP 71518: Comit. Baranya. In graminosis montis
Szarsomly6, montes Villanyi hegység leg. L. Vajda 7.3.1966. - BP 71519: Comit. Baranya. In rupes-
tribus montis Szarsomly6, montes Villanyi hegység leg. L. Vajda 7.3.1966. - BP 114917: Comit.
Baranya. In calcareis montis Harsanyi-hegy ad Nagyharsany, alt. ca. 2-400 m.s.m. leg. Boros
16.5.1926.-BP 114919: Comit. Baranya. In humosis inter saxa calcar. merid. montis Harsany-hegy
prope Nagyharsany, alt. ca. 3-400 m.s.m. leg. Boros 27.4.1952.

Funaria pulchella

Biikk Mts - BP 6811: Com. Heves. In rupestribus montis Bervahegy prope pag. Felnémet
[Eger] leg. L. Vajda 22.4.1951. - BP 114932: Comit. Heves. In rupestribus calcar. occ. supra vallem
Berva-volgy prope Felnémet, alt. ca. 300 m.s.m. leg. Boros 22.4.1951.

Danube valley - BP 47074: Comit. Pest. In declivibus arenosis pope pag. Alsdgod leg. L.
Vajda 15.4.1956; BP 89253, BP 114918, BP 162946: Com. Pest. In arenosis ad viam ferream versus
Als6g6d prope Dunakeszi, alt. ca. 130 m.s.m. leg. Boros 15.4.1956; BP 114914: Comit. Pest. In are-
nosis ad viam ferream prope Dunakeszi, versus Alsdgdd, alt. ca. 133 m.s.m. leg. Boros 24.4.1951. [A
duplicate in GL of this gathering is quoted by crRunbpwEeLL and NYHOLM (1974); the specimens
from Als6gdd in BP have been revised by M. Rajczy as F. pulchella in 1984].

Pilis Mts- Erzberger 7042,7044: Comit. Komarom-Esztergom, Dorog, Strazsa-hegy, offener
Kalkfelsrasen, leg. et det. P. Erzberger 26.4.2001.- BP 114933: Comit. Pest. In humosis inter saxa
calc. montis Csucs-hegy prope pag. Csobanka, alt. ca. 3-350 m.s.m. leg. Boros 30.3.1947.

Buda Mts - BP 68504: Comit. Pest. In rupestribus montis Nagyszénds prope pag. Nagykovacsi
leg. L. Vajda5.3.1961. - Erzberger 6939: Comit. Pest, Telki, Fekete-hegyek, Sziklafal, auf Erde tiber
Kalkgestein leg. et det. P. Erzberger 18.4.2001. - BP 114921 : Comit. Pest. In humosis inter saxa calc.
merid. montis Remetehegy pr. Mariaremete, alt. ca. 300 m.s.m. leg. Boros 20.6.1923; BP 6795, BP



6797, BP 119423: Comit. Pest. In rupestribus montis Remetehegy ad Maria-Remete leg. Degen
28.3.1926. - BP 114939: Budapest. In rupibus apricis dolomiticis montis Guggerhegy, alt. ca. 300
m.s.m. leg. Boros 9.4.1928. - BP 114938: Budapest. In rupibus apricis dolomiticis montis Kecske-
hegy, alt. ca. 300 m.s.m. leg. Boros 9.4.1928; BP 114940: In humosis inter saxa dolomit, montis
Kecskehegy prope Budapest, alt. ca. 350 m.s.m. leg. Boros 25.3.1926. -BP 6793, BP 114942: Buda-
pest. In humosis inter saxa dolomit, montis Kiskecskehegy, alt. ca. 350 m.s.m. leg. Boros 30.3.1934;
BP 114941 : In humosis inter saxa dolom. montis Kiskecskehegy prope Budapest, alt. ca. 350 m.s.m.
leg. Boros 24.3.1935. - BP 114935: Budapest. In dolomiticis apricis vallis Farkas-vélgy, alt. ca. 300
m.s.m. leg. Boros 6.5.1945. - BP 89871, BP 114937: prope oppid. Budapest Farkasrét Indecliv.
meridion. calcareo ca. 300 m leg. Dr. Pénzes A. 10.4.1947. - BP 114936: Budapest. In dolomiticis
montis Sas-hegy, alt. ca. 2-250 m.s.m. leg. Boros 6.5.1945.

Gerecse Mts- BP 6799, BP 114904: Comit. Esztergom. In humosis inter saxa calcar. mer.-or.
montis Nagyteke-hegy prope pag. Sitt6, alt. ca. 2-300 m.s.m. leg. Boros 17.5.1941. - BP 6796, BP
114902: Comit. Esztergom. In humosis inter saxa calcarea montis Oregké prope Bajot, alt. ca. 3-375
m.s.m. leg. Boros 5.4.1936. - Erzberger 6992, 7001: Comit. Koméarom-Esztergom, Vértestolna,
Peskd, auf diinner Erdschicht Uber Kalkplatten leg. et det. P. Erzberger 21.4.2001. - BP 114901:
Comit. Komarom. In humosis inter saxa dolomit, merid. montis Kecskekd prope pagum Gyermely,
alt. ca. 250 m.s.m. leg. Boros 25.3.1941. - BP 114894: Comit. Komarom. In humosis inter saxa calc.
ad monum. "Turul" supra Bénhida, alt. ca. 300 m.s.m. leg. Boros 2.4.1939; BP 114895, BP 114896:
Comit. Komarom. In humosis inter saxa calc. ad monum. "Turul" in monte Ké-hegy prope Banhida,
alt. ca. 300 m.s.m. leg. Boros 1.5.1938. - BP 114897: Comit. Komarom. In rupibus calcar. merid.
montis Veres-hegy prope Alsogalla [Tatabanya, Vords-hegy], alt. ca. 300 m.s.m. leg. Boros
25.4.1948; BP 114898: Comit. Komarom. In rupibus calcar. merid. montis Veres-hegy prope
Alsogalla [Tatabanya, Voéros-hegy], alt. ca. 330 m.s.m. leg. Boros 26.4.1931. - BP 6804, BP 114881 :
Comit. Fejér. In humosis inter saxa dolomit, montis Léingat6-hegy prope pagum Obarok, alt. ca. 250
m.s.m. leg. Boros 7.4.1940.

Vértes Mts- BP 114912: Comit. Komarom. In humosis inter saxa calc. montis Gad6z supra
pag. Vérgesztes, alt. ca. 350 m.s.m. leg. Boros 29.4.1935. - BP 6802, BP 114910: Comit. Koméarom.
In humosis inter saxa calc. apricis montis L6fé supra pag. Vargesztes, alt. ca. 350 m.s.m. leg. Boros
29.4.1935. - BP 114909: Comit. Komarom. In humosis inter saxa calc. montis "464" supra Kapbe-
rek-puszta prope Vértessomlo, alt. ca. 4—450 m.s.m. leg. Boros 19.5.1935. - BP 114893: Comit.
Fejér. In humosis inter saxa dolomitica montis Zuppa prope pagum Szér, alt. ca. 300 m.s.m. leg.
Boros 14.5.1942. - BP 114891: Comit. Fejér. In rupibus dolomit, montis Boglari-hegy prope
Vérteskozma, alt. ca. 350 m.s.m. leg. Boros 25.3.1935; BP 114892: Comit. Fejér. In humosis inter
saxa dolom. montis Kissoml6-hegy prope Vérteskozma, alt. ca. 380 m.s.m. leg. Boros 7.4.1935. - BP
6803, BP 114886: Comit. Fejér. In collibus siccis dolomit, ad Kélik-hegy prope Csékberény, alt. ca.
2-230 m.s.m. leg. Boros 17.5.1937. - BP 114885: Comit. Fehér. In humosis inter saxa calcar. supra
Csobkaké, alt. ca. 3-400 m.s.m. leg. Boros 3.4.1927. - Erzberger 7015: Comit. Fejér, Cs6kakd, offe-
ner Dolomitfelsrasen nordl. Burgruine leg. et det. P. Erzberger 23.4.2001. - BP 114889: Comit.
Fejér. In humosis inter saxa dolomit, in rupestribus vallis Csatorna-vélgy prope Csakberény, alt. ca.
37100 m.s.m. leg. Boros 17.4.1949 [mixed gathering with F. muhlenbergii, containing a piece of sub-
strate with a mixed stand]. - BP 114880: Comit. Fejér. In rupestribus dolomit, sept, silvat. adversus
montem Okorallas prope Csakvar, alt. ca. 250 m.s.m. leg. Boros 18.5.1962. - BP 6805, BP 114884:
Comit. Fejér. In humosis inter saxa dolom. montis Sz616-ké prope Cséakvar, alt. ca. 2-240 m.s.m. leg.
Boros 21.3.1937.

Bakony Mts - BP 26940: Comit. Fejér. Inrupestribus calcareis cacuminis montis Baglyashegy
prope Csor leg. L. Vajda 28.3.1954; BP 114926: Comit. Fejér. In humosis inter saxa dolomit, montis



Baglyas-hegy prope Csér, alt. ca. 2-350 m.s.m. leg. Boros 28.3.1954; BP 114929: Comit. Fejér. In
rupestribus dolomiticis montis Baglyas-hegy prope Inota, alt. ca. 2-300 m.s.m. leg. Boros 15.5.1955.

Villany Mts - BP 166720: Comit. Baranya. In abrupte loessacea Macskalyuk in decl. merid.
montis prope pag. Mariagyd, alt. ca. 200-250 m.s.m. leg. B. Papp 8.8.1999 (pArPP and ERZBERGER
2000).

Appendix 2. Evaluation of collection dates
with respect to the phenology of sporophyte ripening

In order to take account of the fact that specimens contain sporophytes in different stages of de-
velopment, an attempt was made to estimate an approximate "“day of dehiscence”, i.e. the day when
just 50% of the sporophytes are deoperculate. This day would be earlier than the date of collection, if
the specimen contained mostly deoperculate sporophytes, but it would be later in case of unripe
sporophytes. The corrections applied in this study are less than 7 days inall cases and were computed
in the following way.

First, the fraction of deoperculate sporophytes/ was estimated in each specimen./ was then
used to compute the "estimated day of dehiscence” d from the date of collection ¢ (both counted in
days from the beginning of March), using the following relationship: d=c+r (0.5 - f), where r is the
range of the correction.

In the present analysis, r = 13. Taking into consideration that in most populations development
of sporophytes is not very synchronous, but shows rather great variation among individual plants, the
value of 13 for the estimated range r of the correction appears rather low. Using higher values forr
(e.g. 30 or 60) does not essentially alter the conclusions of the analysis.

It has often been observed that sporophytes continue ripening after collection. Therefore, the
phenological stage observed in a specimen need not be identical with the stage at the time of collec-
tion, but might show a higher percentage of deoperculate sporophytes. To examine the possible influ-
ence of post-collection ripening on the results, the mean value of/was calculated for the two species:
In F. muhlenbergii f = 0.4606+0.06676, in F.pulchella f = 0.4711+0.05532 (mean + s.e.). Inboth
cases/is not significantly different from 0.5 (t-test). If post-collection ripening was strong, the mean
value for/ would be expected to be higher than 0.5, provided the sample of specimens is not biased in
favour of unripe sporophytes. However, there is no reason to assume that kind of bias; on the con-
trary, collectors would tend to pick up plants with rather ripe sporophytes if there is a choice.

In principle, post-collection ripening might be different in the two species, especially since
they differ in theca size. In agiven specimen, post-collection ripening would result in a higher value
of/and thus in a lower value of d, depending on the magnitude of the range r of the correction. How-
ever, the observed difference in sporophyte ripening of about 12-13 days is independent of the value
of r and is also obtained for the uncorrected collection dates. It was therefore concluded that
post-collection ripening of sporophytes did not influence the results.





