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HISTORY AND BIOLOGY OF THE «BLACK PROTEUS«
(PROTEUS ANGUINUS PARKEL] SKET & ARNTZEN 1994;
AMPHIBIA: PROTEIDAE): A REVIEW

Lilijana Bizjak Mali & Boris Sket

ABSTRACT
History and biology of the «black proteus« (Proteus angui-
nus parkelj Sket & Arntzen 1994; Amphibia: Proteidae): a
review

Proteus anguinus parkelj Sket & Arntzen 1994 is a black
pigmented with developed eyes, non-troglomorphic, but yet
troglobiotic subspecies of P. anguinus Laurenti 1786. It is en-
demic to the karst of Bela krajina in southeast Slovenia. As a
probable mimic of the epigean ancestor it is very informative
regarding adaptation to subterranean environment. Since it
was discovered only in 1986, relatively little is known about
its biology. The purpose of this review paper is to summa-
rize the published data about the circumstances of its dis-
covery, its distribution, phylogeny, taxonomy and its biology,
including environmental threats, conservation status, and
actions that are being taken to ensure its survival. The ex-
ceedingly limited distribution of the black proteus makes it
particularly vulnerable. It is endangered by environmental
pollution as well as by various potential pathogens that are
of global concern to amphibians. Populations of the black
proteus are in dire need of protection if they are to survive in
their own natural habitat.

Key words: Proteus anguinus parkelj, discovery, distri-
bution, phylogeny, morphology, threats

http://dx.doi.org/10.3986/fbg0049

IZVLECEK
Zgodovina in biologija ¢rnega mocerila (Proteus anguinus
parkelj Sket & Arntzen 1994; Amphibia: Proteidae):
pregledni ¢lanek

Crni moderil Proteus anguinus parkelj Sket & Arntzen
1994 je temno pigmentirana podvrsta ¢loveske ribice P. an-
guinus Laurenti 1786. Ni troglomorf, ima razvite oci, vendar
je troglobiont. Je endemit belokranjskega krasa v JV Sloven-
iji in verjetno spominja na povrsinskega prednika. Zato je
zelo informativen pri raziskavah adaptacij na Zivljenje v
podzemlju. Ker je bil odkrit $ele leta 1986, je o njegovi bi-
ologiji znanega relativno malo. Namen tega preglednega
¢lanka je povzeti objavljene podatke o okoli$¢inah njegovega
odkritja, geografski razsirjenosti, filogeniji, taksonomiji in
biologiji, vklju¢no z okoljskimi groznjami, varstvenim statu-
som in ukrepi za zagotovljanje njegovega prezivetja. Zaradi
izredno omejene razdirjenosti je crni proteus e posebej ran-
ljiva rasa. Ogroza ga onesnaZevanje okolja, kot tudi razli¢ni
potencialni patogeni, ki ogrozajo dvozivke po vsem svetu.
Crni proteus potrebuje za$¢ito in varstveni status, e ga
zelimo ohraniti v njegovem naravnem habitatu.

Kljucne besede: Proteus anguinus parkelj, odkritje,
razirjenost, filogenija, morfologija, ogrozenost

! Department of Biology, Biotechnical faculty, University of Ljubljana, Jamnikarjeva 101, SI-1000 Ljubljana, Slovenia,

Lilijana.Bizjak-Mali@bf.uni-lj.si, Boris.Sket@bf.uni-lj.si
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INTRODUCTION

The purpose of this review paper is to summarize what
we know from studies of the mysterious “black pro-
teus”, Proteus anguinus parkelj Sket et Arntzen 1994,
endemic to underground waters of the karst of Bela
krajina in southeast Slovenia. The researches were
mainly conducted by two research groups at the De-
partment of Biology of the Biotechnical Faculty, Uni-
versity of Ljubljana, with their collaborators from dif-
ferent institutions, including graduate students in-
volved in the research work over many years. The
group for Zoology and Speleobiology is focused on

taxonomy, evolution and biogeography of Proteus. The
group for Functional Morphology of Vertebrates is fo-
cused on the functional morphological adaptations of
Proteus to its habitat in the context of vulnerability to
toxic chemical and organic pollution with the long-
term goal of understanding the factors that can affect
its survival in its natural environment. The private
Cave Laboratory Tular has also contributed to studies
of proteus, and has also made numerous contributions
to public outreach and dissemination of the informa-
tion.

BACKGROUND

The species Proteus anguinus Laurenti 1786 was first
mentioned by VALVASOR in 1689, although he did not
recognize its taxonomic affiliation, let alone its bio-
logical uniqueness and scientific importance. The spe-
cies (also known as cloveska ribica, proteus, the Euro-
pean blind cave salamander, or german Olm, among
other common names) was first formally described by
Laurenti (1786) based on a specimen that was thought
to be from the karst lake Cerknisko jezero, in present-
day Slovenia, although some researchers are doubtful
about the exact locality (SKET 2007). Proteus anguinus
was the first troglobiont ever to be scientifically de-
scribed and is also one of the largest ones.

The taxonomical and biogeographical history of
the species is highly problematic. Neither the exact lo-
cation of the type specimen nor the identity of the au-
thor who described it are known for certain, and in-
formation about its basic biology and reproduction
and even its taxonomic identity are still unclear, al-
though most evidence places it with the North Amer-
ican genus Necturus in the Family Proteidae (KEZER

et al. 1965; SEssIONS 1980; TRONTEL] & GORICKI 2003).
The putative species has been taxonomically split (F1-
TZINGER 1850) and then fused again, and might be
split once again into at least six species based on cur-
rent molecular and biogeographical information (Go-
RICKI 2004, 2006; GorICKI et al. 2006; GORICKI &
TRONTELJ 2006; TRONTELJ et al. 2009, 2017). Its cur-
rent geographic distribution is thought to extend
through an area characterized as holodinaric, from
easternmost Italy through southern Slovenia, Croatia
and along the eastern border of Hercegovina and Dal-
macija (SKET 1997). Its presence in Montenegro is
questionable. Some populations may be reproductively
isolated.

Note that the names ‘white proteus’, ‘white subspe-
cies’ or ‘Proteus anguinus anguinus’ denote here any
population of depigmented protei, presenting just mo-
mentarily and formally a subspecies. In fact, it is an
assembly of morphologically and ecologically very
similar populations which are genetically distinct and
may present even several independent species.

DISCOVERY OF THE »BLACK PROTEUS«

Historically, the only known populations of P. angui-
nus over the entire known range of the species were
depigmented, cave-adapted »white proteuses« with re-
gressed eyes and other troglomorphic characteristics
(SkeT 2017) (Fig. 1). Occasional reports have been
made of darkly pigmented specimens of P. anguinus
(ALJANCIC et al. 1986, ALJANCIC 1988), either from
natural populations or captive animals, but these were
all troglomorphic white proteus individuals that, at

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

least in the case of the captive animals, had been ex-
posed to light for some time. The first dark pigment-
ed, non-troglomorphic specimens of the »black pro-
teus« (designated as the subspecies P. a. parkelj), com-
plete with functional eyes (Fig. 1), were found in Octo-
ber 1986 (nearly 300 years after the white Proteus was
first mentioned by Valvasor) by researchers of the
Institut za raziskovanje krasa (from Postojna), during
a pumping experiment for water supply of the
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Doblic¢ica spring near Crnomelj, in Bela krajina, SE
Slovenia (ALJANCIC et al. 1986; MIHEVC 1987; SKET &
ARNTZEN 1994; Arjanci¢ 2017). Following the dis-
covery of the first specimens of the black proteus,
searching in surface waters of Doblicica spring gave
no positive results, even after a thorough inspection
via scuba diving of the 40 m wide and 10 m deep lim-
nocrene spring of Doblic¢ica (SKET 1993¢). But gradu-
ally, over time, short-term visits and observation of
nearby JelSevnik spring resulted in the collection of
about 15 individuals. Occasionally, after heavy rains,
the animals can be observed penetrating from under-
ground to approach the surface through a thin turf,
covering the cracked rock that is characteristic of its
type locality (Fig. 2A). The currently known geo-
graphic distribution of P. a. parkelj is highly restricted
in SE Slovenia, southwest to west of Crnomelj where it
is found only at spring outlets in an area that is less

than 5 km? in size (SKET & ARNTZEN 1994; GORICKI et
al. 2017; HupOoKLIN & ALJANCIC 2017). Adjacent pop-
ulations of P. a. anguinus (the white proteus) are lo-
cated all around this area.

The first specimen of P. a. parkelj that was mor-
phologically analyzed was a female with a total body
length of 187 mm and body mass of 13.5 g and with
immature ovaries. Detailed reports of the anatomical
peculiarities of P. a. parkelj were first published by Is-
TENIC (1987) and later by SkeT (1993b, c). All subse-
quent samples of P. a. parkelj exhibited a remarkable
uniformity in external morphology, which allowed the
formal description of the black proteus as a new taxon.
The morphological description included detailed os-
teological data and was supplemented by allozyme
analysis (SKET & ARNTZEN 1994). Superficially, many
of the morphological characters of the black proteus
appear to be plesiomorphies. In addition to dark pig-

Figure I: Proteus anguinus Laurenti, the ,first cave animal’, described in 1786 from Slovenia as distributed along the almost
whole Dinaric karst. Proteus anguinus parkelj Sket ¢ Arntzen, a non-troglomorphic subspecies of P. anguinus, found 1986 and
described 1994 as a surprising discovery. It is a troglobiont, but not adaptively morphologically transformed as a ,fully* cave-
adapted troglomorph. It is endemic to several kilometres in the SE corner of Slovenia. Scale bar: 2 cm. Photos: D. Dalessi,
Speleological laboratory at Department of Biology, BF, University of Ljubljana.

Slika 1: Proteus anguinus Laurenti, ,prva jamska Zival‘. Opisana 1786 iz Slovenije, razsirjena je vzdolz skoraj vsega Dinarskega
krasa. Proteus anguinus parkelj Sket & Arntzen 1994, ne troglomorfna rasa in veliko odkritje iz leta 1986. Je endemit le nekaj
kilometrov velikega obmocja v JV kotu Slovenije. Je troglobiont, vendar ni adaptivno morfolosko preoblikovan. Merilo: 2 cm.
Fotografiji: D. Dalessi, Speleoloski laboratorij na Oddelku za biologijo, BF, Univerza v Ljubljani.

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019
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mentation and fully developed (and presumably func-
tional) eyes, the black proteus lacks conspicuous snout
elongation, has differently shaped skull bones, lower
teeth number, shorter legs, shorter tail, and a longer
trunk with a higher number of trunk vertebrae com-
pared with the white proteus. The differences between
the two subspecies were later confirmed by detailed
analysis of the skull and whole skeleton by micro-CT
scanning (CENTRIH-GENov 2011; IvaNovi¢ et al.
2013).

The existence of a population of non-troglomor-
phic Proteus inhabiting the underground waters in the
low karst of Bela krajina is an important biological

puzzle. First, it suggests lower selection pressure for
troglomorphy in this area, or possibly selection against
troglomorphism. This conclusion is supported by the
existence in the same area of the only Dinaric cave
shrimp Troglocaris race that has non-troglomorphic
traits such as pigmented eye rudiments (Troglocaris
anophthalmus ocellata, Jucovic et al. 2012; SKET
1993a). Some epigean and even terrestrial animals (Di-
plopoda, Chilopoda) drift out of the springs (SKET
1993c, d), which indicates a relatively good food supply
and weaker selection pressure compared to the »typi-
cal« cave environments inhabited by populations of
white proteus.

Figure 2: The Jelsevnik locality of Proteus anguinus parkelj Sket ¢ Arntzen 1994 in Bela krajina. A. The native typical appear-
ance of the spring. B. The flooded meadow during springtime. C & D. The spring, covered by a tent for in situ observation of
animals. Photos: B. Bulog in April 2006.
Slika 2: Lokaliteta crnega mocerila Proteus anguinus parkelj Sket & Arntzen 1994 na Jelsevniku v Beli krajini. A. Izgled na-
tivnega izvira. B. Poplavljen travnik spomladi. C & D. Izvir, pokrit s Sotorom, za laZje opazovanje Zivali in situ. Fotografije: B.
Bulog v aprilu 2006.

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019
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MORPHOLOGICAL DESCRIPTION

The black proteus (Fig. 1) can be simply defined as a
darkly pigmented and short-snouted proteus with ex-
ternally visible eyes, a head with more angular and
convex lateral sides, a longer trunk, shorter legs, and a
shorter tail.

Specimens of adult P. a. parkelj mostly range from
200-280 mm in total length (exceptionally, larger spec-

imens have been found, up to 360 mm total length). Its
coloration is always close to black with some paler
parts and a violet or brownish hue (Fig. 1); a large
quantity of dark pigments is found in the outer layers
of the dermis (ISTENIC 1987; BuLOG 1994). The eyes are
proportionally only slightly smaller than in the North
American Necturus maculosus Rafinesque 1818, an

Figure 3: The skull morphology of Proteus anguinus parkelj Sket & Arntzen 1994 (left on photos) and P. a. anguinus Laurenti
1786 (right on photos). A. Clearing and staining technique for bone (red) and cartilage (blue). Asterisk - cartilages of nasal
cavity, long arrow - eye, short arrow - antorbital cartilage, white arrow - otic capsule. B. X-ray technique. C & D. Computed
micro-tomography from dorsal, lateral and ventral side. Scale bar: 5 mm. Photos: L. Bizjak Mali, 2015 (A), B. Sket, 1992 (B) and

T. Centrih-Genov, 2011 (Ce»D).

Slika 3: Morfologija lobanje Proteus anguinus parkelj Sket & Arntzen 1994 (levo na slikah) in P. a. anguinus Laurenti 1786
(desno na slikah). A. Tehnika presvetlitve tkiv in barvanja za kostno (rdece) in hrustancno (modro) tkivo. Zvezdica - hrustanci v
nosni votlini, dolga puscica - oko, kratka puscica — antorbitalni hrustanec, bela puscica - slusna kapsula. B. Rentgenski pos-
netek. C & D. Racunalniska mikro-tomografija s hrbtne, bocne in trebusne strani. Merilce: 5 mm. Fotografije: L. Bizjak Mali,

2015 (A), B. Sket, 1992 (B) in T. Centrih-Genov, 2011 (Cé»D).

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019
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epigean but permanently aquatic and paedomorphic
species. The eyes of the black proteus are clearly visi-
ble, with a transparent cornea but lack eyelids (which is
typical for other paedomorphic salamanders). The
three pairs of gills are feathered with bright red fila-
ments (when alive), and with a partly blackish cover
and pale stems. The head is relatively shorter, but
broader and with more massive head musculature
than in P. a. anguinus. The skull morphology has been
studied in detail after clearing and staining of whole
animals where bones were stained and the remaining
tissue made transparent (»cleared«) so that the bones
can be easily seen (SKET & ARNTZEN 1994; CENTRIH-
GeNov 2011), with X-ray (SKET & ARNTZEN 1994) and
by computed microtomography (micro-CT) (CeN-
TRIH-GENOV 2011) (Fig. 3A-D) and geometric morpho-
metrics with Necturus as an outgroup (IvANovIC et al.
2013). All of these studies showed that the skull is sim-
ilar overall to that of P. a. anguinus, but with different
proportions of bones; it is shorter and more similar to
Necturus than to the white proteus. These differences
include a head that is not duck-bill shaped (like it is in

the white proteus) and with a lower number of teeth.
This is especially pronounced on the dentale with only
16 to 19 teeth (while there are 23 to 33 in P. a. angui-
nus). The black proteus’ skull is also wider at the jaw
articulation point, its snout is wider with laterally ex-
tended, larger premaxillae, and shorter vomers which
are positionend further apart. The position of the jaw
articulation and the shape of buccal cavity are also dif-
ferent (IvANovi¢ et al. 2013). The maxilla bones of the
upper jaw are missing which is characteristic of the
whole family Proteidae. Compared to P. a. anguinus,
the black proteus also has a larger number of trunk
vertebrae and myomeres. Both legs of the black proteus
are remarkably shorter, but with the same reduced
number of digits: three on the forelimb and two on the
hind limb, a unique feature in Proteus among amphib-
ians. The Wolterstorff index (an indicator of body
shape) is significantly lower than in P. a. anguinus (W1
=10.7 + 0.57 in P. a. parkelj vs. 17.0 + 1.5 for different
populations of P. a. anguinus) (SKET & ARNTZEN 1994).
The black proteus also has a substantially shorter tail
with a lower number of vertebrae.

CYTOGENETICS AND GENOMICS

A cytogenetic analysis of three populations of Proteus,
including the black proteus and two populations of the
white proteus, showed that the karyotype of P. a. par-
kelj is identical to that of P. a. anguinus with 19 pairs
(2n = 38) of mainly bi-armed chromosomes with a nu-
cleolus organizer region at the telomere of chromo-
some pair 12 revealed by AgNOR banding (Fig. 4)
(Sessions et al. 2016). Unlike its closest relative Nectu-
rus, which has pronounced heteromorphic XY sex
chromosomes (SEss1OoNS 1980; SEsSIONS & WILEY 1985;
SEssIONS et al. 2016), both subspecies of Proteus lack
heteromorphic sex chromosomes (SEssIONSs et al. 2016).
However, C-banding of the chromosomes revealed a
prominent concentration of alternating bands of C-
band heterochromatin in the telomeric/subtelomeric
region of the long arm of both homologues of the larg-
est chromosome 1 in both subspecies of Proteus. No
other C-band heterochromatin was detectable in the
chromosomes of Proteus, and even the centromeres
were unstained. The conspicuous cluster of alternating
light and dark C-bands in chromosome pair 1 exactly
matches the pattern of alternating C-bands in the Nec-
turus Y chromosome (Fig. 4) and was interpreted to be

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

an X-Y translocation that has become fixed as a ho-
mologous pair in both subspecies of Proteus (SESSIONS
et al. 2016).

The published mean haploid genome size (C-val-
ue) of P. a. anguinus is 49 pg (approximately 47.9 Gb of
DNA) which is relatively large in comparison with
most other amphibians but is only about half as large
as the genome sizes of Necturus species (GREGORY
2016). Nevertheless, the Proteus genome is about 16
times the size of the human genome. Current research
suggests that the large genomes seen in salamanders
are due to the proliferation of transposable elements
(“selfish DNA”) and accumulation of various kinds of
repetitive DNA (SEss1oNs 2008; SUN & MUELLER 2014).
Preliminary comparative research of genome size of P.
a. parkelj and P. a. anguinus with Feulgen microdensi-
tometry of erythrocyte nuclei (Bizjax MALI, Vokac &
Krapnik unpublished) showed that the C-value of P.
a. parkelj appears to be slightly lower than in P. a. an-
guinus, but these differences are not statistically sig-
nificant (p value = 0.908). Further study on a much
larger sample of individuals for analyzing the genome
size of different populations of protei is in progress.
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Figure 4: C-banded chromosome spread of Proteus anguinus parkelj Sket & Arntzen 1994 (left) with visible heterochromatic
bands on chromosome 1 (arrows), and idiograms (right) of P. anguinus (both subspecies) and Necturus maculosus. Scale bar: 10

um. Modified from Sessions et al. 2016.

Slika 4: Razmaz C-proganih kromosomov ¢rnega mocerila Proteus anguinus parkelj Sket & Arntzen 1994 (levo) z vidnim
heterokromatinskim vzorcem na kromosomu 1 (puscica) in idiogram (desno) od P. anguinus (obe podvrsti) and Necturus macu-

losus. Merilce: 10 um. Prirejeno po Sessions et al. 2016.

DISTRIBUTION AND HABITAT

The biogeographic distribution of Proteus anguinus is
holodinaric, with north-western localities close to the
Soca/Isonzo estuary and south-eastern ones in SE Her-
cegovina (Fig. 5) (SKET 1997; SKET et al. 2004). The
data from Montenegro (CURCIC et al. 2008; Gori¢ki et
al. 2017) are not reliable. The known locality of the
black proteus is in SE Slovenia WSW of Crnomelj (Fig.
5), in some springs positioned within an area of less
than 10 km?, although the actual habitat of the black
proteus might be under the massif of Poljanska gora
which encompasses 55 km? at most (SKET & ARNTZEN
1994). Unfortunately, there are no cave entrances in the
area that are accessible for searching. Most specimens
of the black proteus were found on the surface imme-
diately at the springs, evidently brought from under-
ground after rains. In the year 2004 the black specimen
was observed for the first time in its real habitat by di-
vers at a depth of 15 to 20 meters when they dived into
the siphon of Dobli¢ica spring (MIHAJLOVSKI 2012;
HupOKLIN & ALJANCIC 2017). The only locality where
the black proteus can be routinely observed in situ is
the JelSevnik spring where researchers from the De-
partment of Biology at the University of Ljubljana set
up a »research station« (Fig. 2B-D) (BuLoG & Bizjak

MALI 2014). The location is covered by a tent for per-
petual observation with infrared camera.

The method for specific eDNA (environmental
DNA) detection allows a more detailed investigation of
the distribution of the black proteus. This methodolo-
gy revealed five additional sites (beside the four previ-
ously known sites) that may be inhabited by the black
proteus (STaANKOVIC et al. 2016; GORICKI et al. 2016,
2017). Three of these springs lie outside the limits of its
previously known range and represent an extension of
its presumed range north-eastward, along with the
general direction of the flow of the Doblicica River.
Populations of P. a. parkelj and P. a. anguinus appear to
be generally allopatric, however at one locality (in the
spring Sprajcarjev Zdenec), the eDNA of both taxa was
found together (GORICKI et al. 2017). While these data
do not prove that the two populations are really syn-
topic, they do highlight the potential for contact
through an existing intermittent hydrogeological con-
nection between the above-mentioned springs occu-
pied by the black proteus, and a nearby Otovski Breg
which is occupied by the white proteus (GorICKI et al.
2017). Even though the black and white protei in these
two populations show a low degree of DNA sequence
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Slovenia

Croatia

Proreus anguinus I

Bosnmia & Herzegovina

Adriatic sea

Montenegro

Figure 5: Distribution of Proteus anguinus Laurenti 1786 in its entire natural range. Proteus anguinus parkelj Sket & Arntzen
1994 is known only from SE Slovenia WSW of Crnomelj (asterisk). Map: B. Sket.

Slika 5: Razsirjenost Proteus anguinus Laurenti 1786 v njegovem celotnem naravnem obmocju. P. anguinus parkelj Sket &
Arntzen 1994 je poznan samo iz SV Slovenije ZSZ od Crnomlja (zvezdica). Zemljevid: B. Sket.
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divergence in their mitochondrial control regions (Go-
RICKI 2006; GORICKI & TRONTELJ 2006; TRONTELJ et
al. 2009), none of the comparative studies to date have
detected any signs of their interbreeding, e.g. haplo-

type sharing or intermediate morphology (GoORICKI et
al. 2017). Thus, if the black and white protei do come
into contact with each other, there is no evidence for
reproductive interaction between them.

PHYLOGENY & TAXONOMY

The morphological description of the black proteus as
a new taxon was accompanied by biochemical al-
lozyme study of over 40 loci by SKET & ARNTZEN
(1994). A more detailed phylogenetic study using mito-
chondrial DNA (Gori¢kr 2004, 2006; GOrICKI et al.
2006; GORICKI & TRONTEL) 2006; TRONTEL] et al.
2009) presented evidence that the black proteus shows
closest affinity to a population of white proteus among
the SE Slovenian group of populations. It seems rea-
sonable that the black proteus are populations that ex-
perienced selection favoring either the retention or the
re-acquisition of non-troglomorphic traits (e.g. body
proportion, functional eyes and dark pigmentation).
The proposed taxonomy of the black proteus by
SKET & ARNTZEN (1994) was rejected by GRILLITSCH &
TIEDEMANN (1994) who claimed that it falls within the
clinal variation of Proteus anguinus and does not de-
serve a taxonomical (i.e. subspecies) status. However,
ARNTZEN & SKET (1996) used the Wolterstorff index, a
morphometric tool that has been used for defining the
body proportions in newts, to demonstrate clear and
consistent differences between P. a. parkelj and three
populations of the white proteus P. a. anguinus, mak-
ing the black subspecies diagnosable, at least morpho-
logically. In particular, the black proteus exhibits some
characters, including head shape, eyes, and pigmenta-
tion, that are clearly outside the range of the white pro-
teus. Furthermore, ARNTZEN & SKET (1997) presented
a morphometric analysis of a number of populations
and found P. a. anguinus and P. a. parkelj to be mor-
phologically distinct. Multivariate morphometric
analysis produces very clear differences and Mantel
permutation tests show no firm evidence for clinal
variation within the species that would encompass
these differences. Thus the claim that the black popu-
lation falls within the clinal variation of P. anguinus is
not tenable, at least on purely morphological grounds.
The black proteus presents us with an interesting
paradox. On the one hand, morphological data show it
to be clearly distinct from any white proteus in a large
number of important characters including head shape
(especially lack of an elongated snout), eye development
and function, pigmentation, limb length, trunk length,
number of vertebrae, etc. (ARNTZEN & SKET 1996,

1997). On the other hand, biochemical, molecular, and
cytogenetic studies (SKET & ARNTZEN 1994; GORICKI
2004, 2006; GORICKI et al. 2006; GORICKI & TRONTEL]J
2006; TRONTELJ et al. 2009; SEssSIONS et al. 2016) do not
support the recognition of these subspecies, the mo-
lecular genetic data revealing that both black and white
protei are nested within a southeastern Slovenian clade
of P. anguinus. In other words, the black proteus is more
closely related to a geographically adjacent population
of white proteus than that population of white proteus
is to other populations of white proteus. One possible
explanation for these differences is that the black pro-
teus, though troglobiotic with a subterranean habitat,
represents an ancestral condition that lacks most of the
striking troglomorphic characters seen in populations
of the white proteus. In other words, the black proteus,
which occupies a relatively young and low type of karst
(Pausic & CARNI 2012), represents a population that is
in the early stages of troglobiotic adaptation. An alter-
native interpretation is suggested by phylogenetic anal-
ysis of molecular data indicating that the black proteus
is genetically more closely related to adjacent popula-
tions of white proteus than either are to any other pop-
ulations of Proteus (GORICKI et al. 2006). These data
suggest that, instead of representing an ancestral form
that never evolved a troglomorphic phenotype, the
black proteus was derived from within a population of
white proteus that was exposed to a different set of se-
lective pressures that did not favor extreme troglomor-
phism resulting in the evolutionary reversal of troglo-
morphic traits (IvaANovIC et al. 2013, SEssioNs et al.
2015). Thus, the non-troglomorphic characteristics of
P. a. parkelj would be homoplasies rather than plesio-
morphies (SEssions et al. 2015). A close relationship
between white and black protei is also supported by re-
cent cytogenetic information (SEssions et al. 2016).
Thus, either i) the troglomorphic form has evolved sev-
eral times independently, or ii) the black form evolved
once from a white ancestor by reversing troglomorphic
traits. As both IvaANovi¢ et al. (2013) and SEssIONS et al.
(2015) have pointed out, the second scenario is formally
far more parsimonious on phylogenetic grounds. The
research on the developmental genetics of cave adapta-
tions in the Mexican Blind Cave Fish, Astyanax mexica-
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nus De Filippi 1853 (JEFFERY 2005), offers a possible  curred in Proteus (SEssioNs et al. 2015). Testing this
evolutionary developmental mechanism, involving a  idea will require access to embryonic material of both
genetic switch, by which such a reversal could have oc-  subspecies of Proteus.

FUNCTIONAL MORPHOLOGY

Skin morphology and bacteriome many larval characteristics of amphibian skin as well

as showing some adult characteristics. The thin, non-
Proteus is a paedomorphic salamander and the skin of ~ keratinized epidermis with outermost stratum muco-
the adults of both subspecies of Proteus thus retains  sum, numerous unicellular glands (Leydig cells) and

Figure 6: The skin histology of Proteus anguinus parkelj Sket & Arntzen 1994. A. The skin is thin and non-keratinized with
numerous epidermal Leydig cells (Lyc), dermal multicellular mucous glands (MG) and stelate melanophores (arrows) in the
epidermis (E) and dermis (D). B. The epidermal melanophores (arrows) with projections. C. The mechanoreceptive neuromast
(N) in the epidermis. bc - blood capillary, M- skeletal muscles, SC - subcutis, Sg - stratum germinativum, Sm — stratum muco-
sum. A & C. Silver nitrate - Pollak staining. B. H & E staining. Scale bar: 100um (A & C) and 20um (B). Photos: L. Bizjak Mali.
Slika 6: Histologija koZe crnega mocerila Proteus anguinus parkelj Sket & Arntzen 1994. A. Koza je tanka in neporoZenela s
stevilnimi Leydigovimi celicami (Lyc) v vrhnjici, z veccelicnimi mukoznimi Zlezami (MG) v usnjici in zvezdastimi melanoforami
v vrhnjici (E) in usnjici (D). B. Melanofore z odrastki v vrhnjici (puscice). C. Mehanoreceptorni nevromast v vrhnjici. bc - krvna
kapilara, M- skeletne misice, SC - podkozje, Sg - stratum germinativum, Sm - stratum mucosum. A & C. Barvanje srebrov
nitrat - Pollak. B. Barvanje H & E. Merilce: 100um (A & C) and 50um (B). Fotografije: L. Bizjak Mali.
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mechanoreceptive neuromasts of the lateral line sys-
tem (Fig. 6A-C) (Burog 1991; Kos 1992; Kos & BuLoa
1993) are unique features of the larval epidermis that
are also seen in other paedomorphic salamanders. On
the other hand, the numerous multicellular alveolar
mucous glands in the dermis (Fig. 6A) are characteris-
tic of adult amphibian skin and provide an important
protective mucus layer over the non-keratinized sur-
face. A comparative analysis of skin of white and black
protei showed that the dark pigmented skin in the
black protei has fewer larval characteristics and shows
some structural characteristics of metamorphosed
forms such as more numerous multicellular mucous
glands in dermis (BuLog 1991), an increased number
of layers of epidermal cells, where the surface epider-
mal cells tend to be more flattened and the basement
lamella is thicker (Kos 1992; Kos & BurLog 1993). In
general, the skin of black protei is thicker with numer-
ous processes of stellate melanophores concentrated
mainly in the outer part of the dermis under the base-
ment lamella (Fig. 6A, C) (Buroc 1991; Kos 1992; Kos
& BuLogG 1993). Melanophores are also present in the
epidermis (Fig. 6B). Even though the processes of mel-
anophores are more numerous than in white protei, it
is not known if the darker skin is due to the higher
number of melanophores in the skin or more melano-
somes (pigment granules) in the cytoplasm of the pro-
cesses of pigment cells.

Interestingly, immunolabelling of the skin with
anti-opsin antibody was positive in cells of the basal
layer of the epidermis (stratum germinativum) of both
subspecies of Proteus indicating that the skin is photo-
sensitive (Kos et al. 2001). Indeed, the animals show
strong photophobic reaction when their skin is illumi-
nated (unpublished observation). Further studies are
required to clarify the significance of this non-specific
staining and to identify the molecules and cellular
structures in the skin that bind this antibody.

Recently, a comparative metagenomic analysis of
the skin bacteriomes from natural population of Prote-
us showed that all of them, with the exception of P. a.
parkelj, exhibited considerably lower bacterial diversi-
ty compared to water samples from their habitats (Ko-
STANJSEK et al. 2017; PrRopAN 2018; KOSTANJSEK et al.
2019). The bacteriomes in these populations of white
proteus individuals included similar proportions of
mostly known taxa of environmental microbes: Alp-
haproteobacteria, Betaproteobacteria, and Actinobac-
teria. In stark contrast to the white protei, the bacteri-
ome of the black subspecies was dominated by entero-
bacteria and aeromonads possibly originating from
sewage and farming pollution (KosTANJSEK et al. 2017,
2019). These data are alarming because the skin micro-

biome is an essential part of the innate immune system
in amphibians (see in McCoy & PErRALTA 2018), and
changes to the skin microbiome can lead to increased
vulnerability to infection by potential pathogens and
consequently to population decline. Indeed, besides
playing a critical role in a wide range of physiological
processes (e.g. regulating fluid balance, ion transport,
and respiration), amphibian skin also plays a critical
role in regulating the animal’s health by producing an-
tioxidants and antimicrobial peptides, and by harbor-
ing diverse, symbiotic microbial communities that
protect against foreign and potentially harmful patho-
gens (see in McCoy & PERALTA 2018). These symbiotic
skin bacteria are adapted to persist in the presence of
antimicrobial mucosal peptides and can inhibit patho-
gen colonization and infection of the skin. The black
Proteus may be the first case of such replacement of the
endemic skin bacteriome of an amphibian due to
human agricultural activity. Future research will be
needed to understand the long-term threat of this phe-
nomenon to the vulnerable populations of P. a. parkelj.

Perception in the dark
The eye

Adult black protei have small but totally normal eyes,
although they are paedomorphic and lack eyelids,
which is typical for larval amphibians (Fig. 7A). The
eyes have all the important parts (transparent cornea,
lens, retina and optical nerve) of the optical-neural
pathway leading to the central nervous system (BurLoag
1992, 1993; Kos 2000) (Fig. 7B). The diameter of P. a.
parkelj eyes (730 pm) is much larger then in P. a. angu-
inus (450 - 500 pm) (Kos 2000) but well below the size
of surface dwelling (epigean) salamanders. The lens
has a diameter of about 200 pm in comparison to P. a.
anguinus where the lens is markedly reduced or even
totally missing (Kos et al. 2001). Compared to the re-
gressed retinal morphology of the white proteus, de-
tailed morphological analyses revealed that the black
proteus eye has a normal amphibian retinal structure
(Buroa 1992; Kos & Burog 1996a; Kos 2000; Kos et
al. 2001). Individual retinal layers are discernible and
photoreceptor cells exhibit recognizable inner and
outer segments (Fig. 7C) (BuLog 1992; Kos 2000; Kos
et al. 2001). Retinal immuno-cytochemistry with vari-
ous anti-opsin antibodies (Kos 2000; Kos et al. 2001;
BuLog et al. 2002) confirmed the light sensitive visual
pigments (the first important member of the pho-
totransduction cascade in vertebrate photoreceptor
cells) in the photoreceptors of P. a. parkelj (as well as in
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the variable rudimentary eye of P. a. anguinus) thatin-  relates with electrophysiological investigations that
dicates a light sensitivity of the eyes. This finding cor-  revealed that retinal photoreceptor cells of P. a. angui-

T L

Figure 7: A. The head of Proteus anguinus parkelj Sket & Arntzen 1994 with its typical »larval« eyes and visible mechanorecep-
tive neuromasts on the snout. B. Cross section through the head with eyeball. C - cornea, E - epidermis, MG - multicelullar
mucous gland in dermis, L - lens, R - retina with pigment epithelium, OC - oral cavity, OM - oral mucosa. Silver nitrate - Pol-
lak staining. C. Electron-microscopy micrograph of retina photoreceptors. N - nucleus of photoreceptor cell, thick arrow - outer
segment, thin arrow — inner segment. Scale bar: 1 cm (A), 200um (B) and 10 um (C). Photos: D. Dallesi (A), L. Bizjak Mali (B)
and M. Kos (C).

Slika 7: A. Glava crnega mocerila Proteus anguinus parkelj Sket & Arntzen 1994 z ocmi znacilnimi za licinke in vidnimi meha-
noreceptornimi nevromasti na gobcu. B. Precni prerez glave v predelu oci. C - roZenica, E - epidermis, MG - veccelicna mu-
kozna Zleza v dermidi, L - leca, R - mreZnica s pigmentnim epitelom, OC - ustna votlina, OM - ustna sluznica. C. Posnetek
fotoreceptorjev mreZnice narejen s presevnim elektronskim mikroskopom. N - jedro fotoreceptorne celice, debela puscica - zu-
nanji segment, tanka puscica — notranji segment. Merilce: 1 cm (A), 200um (B) in 10 um (C). Fotografije: D. Dallesi (A), L.
Bizjak Mali (B) in M. Kos (C).
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nus are still responsive to light even though the retina
itself is rudimentary (GoGgALA et al. 1965 cit. in Kos et
al. 2001; ZENER 1973 cit. in Kos et al. 2001). In com-
parison with other amphibians which have two types
of rods (green and red) and three types of color-specif-
ic cones (red-, blue- and UV sensitive cones) (cit. in
Kos et al. 2001), the retina of both subspecies of Prote-
us contains »red« or principal rods, red-sensitive cones
but that the black proteus differs from white protei in
having a third photoreceptor type, which might repre-
sent blue- or UV-sensitive cones (Kos 2000; Kos et al.
2001). The number of photoreceptor cells in both is
relatively low and the cones predominate. The latter is
quite surprising given that the retina of most animals
that are nocturnal or live underground or in turbid
conditions (e.g Necturus, the closest relative of Proteus,
the larval Ozark cave salamander, Eurycea spelaea Ste-
jneger 1892 (syn. Typhlotriton s.), and the Mexican cave
fish Astyanax) contains mostly rods which operate in
dim light (cit. in Kos et al. 2001). It appears that during
the regressive evolution of the eyes of Proteus, rods de-
generated sooner than cones (Kos et al. 2001).

Pineal organ

The pineal organ of lower vertebrates is a photosensi-
tive neuroendocrine gland in the roof of diencephalon
part of brain, controlling circadian rhythms, gonadal
development, metamorphosis and, body pigmentation.
Photosensory cells in the pineal organ of vertebrates
are structurally and functionally homologous to reti-
nal photoreceptors having well-developed outer seg-
ments with visual pigments similar to those in the
retina. The pineal organ in both subspecies of Proteus
is reduced in size and can be found only with serial
semithin sectioning of the brain (Kos 1998; Kos et al.
2001). Detailed ultrastructural studies (Kos & BuLoa
1996b, 2000; Kos 1998; Kos et al. 2001) revealed struc-
tural degeneration of the outer segments of pineal pho-
toreceptors in both subspecies, composed of irregular
membranes and vesicular aggregations instead of a
stack of membrane disks known for normal photore-
ceptors. The synaptic ribbons with clear synaptic vesi-
cles in soma and processes of pineal photoreceptors of
Proteus indicate the involvement of pineal cells in the
transmission of light stimuli. The possibility of re-
tained light sensitivity is supported by the finding of
immunopositive red-sensitive visual pigments in the
pineal photoreceptors of both subspecies (Kos et al.
2001). Supposedly, the atrophy of the outer segments of
photoreceptors does not lead to the loss of the photore-
ceptive function of pineal in Proteus. The pineal also
seems to have a secretory activity as evidenced by the

ultrastructure of the inner segment of pineal photore-
ceptors (Kos 1998; Kos & Buroa 2000).

Hearing abilities

Inner ear morphology and sound detection is of par-
ticular importance in overall mechanoreception and
acoustic orientation in the underground aquatic envi-
ronment inhabited by Proteus. Like the other aquatic
urodeles, Proteus has the ability to register sound
sources via water medium and vibrations over the sub-
strate with a specialized and complex inner ear. The
mouth cavity (which is frequently filled with air that is
not used in breathing activity) and lungs, together
with the inner ear, act as underwater sound pressure
transducers (Burog 1990). The ability of sound pres-
sure detection in Proteus is probably enhanced with
the tight anatomical junction between the ceiling of
the gas filled oral cavity and the oval window of inner
ear (BuLoG 1998; BuLoG & SCHLEGEL 2000; SCHLEGEL
et al. 2009). A three-dimensional model of the inner
ear made from serial semithin sections of the otic re-
gion in both subspecies of Proteus enabled a compara-
tive analysis and reconstruction of sensory epithelia
and the perilymphatic system (KoNtc 2009; KoNEC &
Burog 2010) (Fig. 8A-C). This study showed that
membranous labyrinth of P. a. parkelj is slightly short-
er and less flattened, but structurally mostly identical
to P. a. anguinus. All seven sensory epithelia (Fig.
8B-C) previously described in P. a. anguinus (ISTENIC
& BuLog 1976; BuLoG 1995), are present in the mem-
branous labyrinth of P. a. parkelj (KoNEc 2009; KoNEC
& BuLog 2010). The only difference found is in the size
of the saccular macula and crysta externa, the first one
is larger in P. a. anguinus and former is larger in P. a.
parkelj. The saccular macula of P. a. anguinus has also
a very complex structure with a large otoconial mass
according to the utricular and lagenar; it is assumed
that it plays a role in detecting the direction of the
sound source, in other words, it is a specific adaptation
to life in an underground, aquatic habitat (BuLoc &
SCHLEGEL 2000).

The sound detection ability in both subspecies of
Proteus is in the frequency range from 10 to 15000 Hz
with the greatest sensitivity reached at 1500 Hz for P. a.
anguinus and 2000 Hz for P. a. parkelj (BuLoG & Sc-
HLEGEL 2000; SCHLEGEL et al. 2009). This range of au-
dible frequencies provides the unique ability to detect
sound waves underwater and surpasses all amphibians
and most fish that have been studied. The frequencies
below 50 Hz are most probably detected at the expense
of the mechanosensitive neuromasts of lateral line sen-
sory system. It is assumed that inner ear of Proteus also
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plays an important role in the detection of sound waves
created by the rising water level during the rainy sea-
sons that enables the animal a timely retreat into the
deeper regions of their aquatic habitat before they are
thrown out onto the surface (BuLoG & BizjaAk MALI
2014). Further research is needed in order to confirm
and explain this phenomenon.

Mechano- and electroreceptors of the lateral-line sen-
sory system

Proteus can detect its prey in total darkness over some
distance using its excellent sense of smell (olfactorecep-
tors) as well as mechanoreceptive neuromasts and elec-
troreceptive ampullary organs of the lateral line sen-

Figure 8: Head of Proteus anguinus parkelj Sket & Arntzen 1994 with visible otic region (arrow) (A) and 3-D model of inner ear
from lateral (B) and medial view (C). The sensory epithelia are labeled in green. CRA- crysta anterior, CRP - crysta posteriot,
CRE - crysta externa, ML - macula lagenae, MS - macula sacculi, MU - macula utriculi, PA - papillae amphibiorum. Scale
bar: 5 mm (A) and 1 mm (B ¢ C). Photos: D. Dallesi (A) and M. Konec, 2009 (B ¢ C).

Slika 8: Glava crnega mocerila Proteus anguinus parkelj Sket & Arntzen 1994 z vidno slusno regijo (puscica) (A) in 3-D model
notranjega usesa z lateralne (B) in mediane strani (C). Senzoricni epiteli so oznaceni z zeleno. CRA- anteriorna krista, CRP -
posteriorna krista, CRE - zunanja krista, ML — makula lagene, MS - makula sakula, MU - makula utrikula, PA - papilla
amphibiorum. Merilce: 5 mm (A) in 1 mm (B & C). Fotografije: D. Dallesi (A) in M. Konec, 2009 (B & C).
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sory system (overview in BuLoG, 1994). These sensory  skin (Figs. 6C, 7A) and, while the ampullary organs are
organs of lateral line system lie in the epidermis of the =~ present only on the head, the neuromasts are distri-

Figure 9: The post-hatched larva of Proteus anguinus parkelj Sket & Arntzen 1994 with visible hind limb bud (arrow). Fixed
specimen from archive collection at the Department of Biology, BF, University of Ljubljana. Scale bar: 5 mm (A) and 2 mm (B).
Photos: L. Bizjak Mali.

Slika 9: Izlezena licinka crnega mocerila Proteus anguinus parkelj Sket & Arntzen 1994 z vidnim brstom zadnje okoncine
(puscica). Fiksiran osebek iz arhivske zbirke Oddelka za biologijo, BF, Univerza v Ljubljani. Merilce: 5 mm (A) in 2 mm (B).
Fotografiji: L. Bizjak Mali.
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buted also along both sides of body (IsTENI¢ & BuLoG
1984; ISTENIC 1986; BizjaAk MALI 1990; Fric 2017). The
sensory organs of the lateral line system are present in
aquatic amphibian larvae and adult paedomorphic sal-
amanders that retain an aquatic lifestyle (WEBB 2014).
The mechanosensory neuromasts enable the animals
to detect water disturbances caused by currents, the
movements and sounds of nearby animals, and a vari-
ety of other sources. They function as a “distant touch”
sensory system important to locate objects in their en-
vironment and also play an active role in localization
and orientation. With electrosensory ampullary or-
gans the animals sense the weak bioelectrical fields
generated by other animals (due to the activity of their
nerves and muscles) and use it to locate them or avoid
them. Behavioral studies have demonstrated that the
white subspecies can detect weak electrical fields all
the way to a value of 0.1 mV / cm, while the P. a. parkelj
are slightly less sensitive (SCHLEGEL & BuLoG 1997).
These mechano and electroreceptive sense organs, in-
cluding a specialized and very complex inner ear, obvi-
ously play an important role in Proteus in orientation,
search for prey, intraspecies communication, and mu-
tual recognition in underground habitats.

Behavioral studies suggest that Proteus (both sub-
species) is also able to detect and orient itself to mag-
netic fields (ALjANCIC & BUuLOG 1999; SCHLEGEL et al.
2009). For these studies the animals were in round
containers surrounded by large coils for manipulating
the magnetic field. A computer-assistant program and
infrared camera was used to record the direction faced
by the animals at different times in the experimental
arena.

What we know about the reproductive biology of the
black proteus?

We understand very little about the reproductive biol-
ogy of the black proteus even though captive black
protei laid eggs in the Tular Cave laboratory in Kranj,
Slovenia in the years 2007, 2013, and 2015 (where seven
individuals have been kept in captivity since 2002)
(ALJANCIC, personal communication). Unfortunately,
none of the eggs developed successfully, and some of
them were eaten by conspecifics sharing the same
tank. The egg laying process (in October 2015) was re-
corded with an infrared camera (JAKSETIC 2015) but
there are no further published data for the size of the
egg clutches or female behavior during laying. One
captive female P. a. parkelj (body length 250 mm) laid
eggs after one year and half in captivity in the Speleo-
logical laboratory at the Department of Biology of Bio-
technical faculty, University of Ljubljana (B. BuLog,
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personal communication). The female laid more than
30 eggs but she ate most of them and the remaining
eggs failed to develop because they were most probably
not fertilized. Since this female was kept in her own,
separate aquarium, the eggs laying can obviously hap-
pen in the absence of a male.

An early post-hatched black proteus larva was
found at Jel$evnik spring (SKET & ARNTZEN 1994),
confirming that the black proteus, like the white pro-
teus, is oviparous. This post-hatched larva was 21 mm
in length and was at Briegleb’s developmental stage 21
(BRIEGLEB 1962) with almost three digits on the short
front limbs and hind limb buds at a pre-digit stage
(Fig. 9A-B). The intestinal wall was still swollen with
yolk and the larva was not yet able to move around in
an organized way. The eye diameter (0.4 mm) was 8%
of the head length and the embryo was pigmented
densely grey dorsally, fading on the sides to a lighter
venter.

Studies of the gonads morphology and gametogen-
esis in Proteus have been performed to gain better
base-line knowledge of their reproductive biology,
with potential applications in conservation issues as
well as in the management of their reproduction in
captivity. Studies of detailed morphology of the ova-
ries, including descriptions of the developmental stag-
es of the oocytes, was mostly performed on the white
subspecies of Proteus (TALABER 2008; Bizjax MaL1 &
Burocg 2010, 2011; ZiBERT 2010; BizjaAk MALI et al.
2010, 2013). These studies showed that, at least in P. a.
anguinus, ovarian maturation is not seasonal, although
it is positively correlated with body length and mass
(Bizjax MALI et al. 2010, 2013). However, a recent
analysis of testes morphology of preserved adult indi-
viduals of Proteus (with total body lengths between
200 to 360 mm) from different populations, including
both P. a. anguinus and P. a. parkelj, showed that body
size is a poor predictor of reproductive/maturity state
in males of Proteus (Kovaci¢ 2013; Bizjaxk MALI et al.
2015, 2016; Bizjaxk MAL1 & BuLoG 2016; BizjAk MALI
2017). The shape and meiotic condition of the testes
are highly variable and totally independent of the
length (age) of the animal. Even more, the two differ-
ent morphological types of testes (multilobed and
broad single-lobed testis) that were found indicate a
possible intraspecies variability of morphological
types of testes. The multilobed testis was found only in
P. a. parkelj and broad single-lobed testis was found
onlyin P. a. anguinus. Another interesting discovery is
also that, contrary to Proteus females, meiotic activity
in Proteus males appears to be seasonal (B1zjAk MALI
2017) suggesting that gametogenesis in male and fe-
male Proteus is only loosely synchronous. These issues



LILIJANA BIZJAK MALI & BORIS SKET: HISTORY AND BIOLOGY OF THE «BLACK PROTEUS«

underline how incompletely we still understand repro-
duction in this enigmatic animal.

The digestive system and accessory glands

The basic anatomical and histological structure of the
digestive tract of Proteus is similar to other amphibians
and it is divided into a short esophagus, a slightly wid-
ened muscular stomach, a short duodenum, a medium
long small intestine that is more or less coiled depend-
ing on the size of the animal, and a short, slightly wider
large intestine that opens into the cloaca (Fig. 10A-B). A
preliminary analysis of the intestinal microbiota from
the fecal samples of both subspecies of Proteus by mo-
lecular typing method (T-RFLP) showed that there was
a difference in microbiota between the white proteus
from Planina cave and black proteus and no clear re-
semblance of either to the gut microbiota of the axolotl
(Ambystoma mexicanum) (BORSTNAR VASLE 2016; Av-
GUSTIN et al. unpublished). Cloning and sequencing of
the amplified PCR products revealed that the majority
of the sequences from P. a. anguinus belonged to an un-
classified group from the family Peptostreptococcaceae
of the Gram-positive phylum Firmicutes, whereas the
majority of the sequences from the P. a. parkelj be-
longed to the family Clostridiaceae from the same phy-

lum and to the Gram negative members of the genus
Parabacteroides from the phylum Bacteroidetes. Fur-
ther studies on this topic are in progress.

The spleen and liver morphology in both proteus
subspecies were investigated and compared with their
closest surface-dwelling relative, Necturus maculosus.
The spleen is a major lymphoid organ in the immune
response of all vertebrates and, in fish and amphibians,
it also has hematopoietic and hemocateretic functions
(destruction of red blood cells and “recycling of hae-
moglobin”), in addition to phagocytosis, storage, and
release of erythrocytes (ALVARES 1990). The liver is the
central organ for metabolic activity in vertebrates and
is also an important storage depot for many raw mate-
rials of digestion (sugars, fats, vitamins, metal ions)
(HAaDLEY 1985).

The spleen of both subspecies of Proteus is diffuse,
with the lymphoid tissue (white pulp) evenly distrib-
uted with the red pulp (Fig. 11 A-B) (MrRAK 2007).
Most of the spleen is red pulp, consisting of cell cords
(Iymphocytes, erythrocytes, hemocytoblasts and
erythroblasts) and numerous sinusoids full of erythro-
cytes. The spleen of both subspecies of Proteus also has
pigmented melanomacrophages similar to macrophag-
es with phagocytic activity described for ectothermic
animals, including amphibians (Auats 1980).

Figure 10: A. Proteus anguinus parkelj Sket & Arntzen 1994 with open posterior part of the body cavity. A higher magnification
view (B) of the visible posterior part of liver (1) with gall bladder (gb), stomach (st), small (si) and large intestine (i), tiny, imma-
ture testes (arrows), kidney (k) with urinary (Wolffian) ducts, urinary bladder (asterisk), and cloaca (c). Scale bar: 1cm. Photos:

L. Bizjak Mali.

Slika 10: A. Crni moceril Proteus anguinus parkelj Sket & Arntzen 1994 z vidnim odprtim posteriornim delom telesne votline.
Pod vecjo povecavo (B) je viden posteriorni del jeter (1) z zolcnikom (gb), Zelodec (st), tanko (si) in debelo (1i) crevo, drobceni
nezreli testisi (puscici), ledvica (k) s stranskima secevodoma, secni mehur (zvezdica) in stok ali kloaka (c). Merilce: 1cm. Foto-

grafije: L. Bizjak Mali.
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The liver of both subspecies of Proteus occupies
more than half of the length of body cavity (Fig. 10A-B)
and represents the 5.35 (+1.68) % of the body mass. The
hepatocytes are large and arranged in laminae that are
two or more cells thick, separating adjacent sinusoids
(Fig. 11C-D). One of the most outstanding features of
the liver in Proteus is a remarkable accumulation of en-
ergy-rich storage material (e.g. lipid droplets and glyco-
gen) in the hepatocytes (Fig. 11C) (BuLog et al. 2000;
Bizjax MALI et al. 2001; LuZNik 2004) that are used to
meet metabolic needs during food deprivation (Bizjax
Matr et al. 2013) and reflect adaptation to stress situa-
tions in its environment, such as sporadic and discon-
tinuous food supplies and/or hypoxia. The second out-
standing feature is the numerous pigment cells which
are grouped in large clusters among the hepatocytes
(Brzjak MALI et al. 1999, 2001; PRELOVSEK et al. 2005,
2008), and contain haemosiderin (iron-storage com-
plex), melanin, and lipofuscin (lipid-containing resi-
dues of lysosomal digestion) (Fig. 11C-D). In compari-
son with Necturus, the pigment cells are more numer-
ous and form larger clusters, and are also structurally
more heterogeneous and contain a larger amount of
haemosiderin. It seems that the liver pigment cells are
an important site of iron accumulation in Proteus. Fur-
thermore, synthesis of melanin was confirmed in the
liver pigment cells of Proteus (PRELOVSEK & BuLoG

2003). Melanin can absorb and neutralize free radicals,
cations, and other potentially toxic agents derived from
degradation of phagocytosed cellular material (ZuasTI
et al. 1989). It is assumed that the pigment cells of this
extracutaneous system in Proteus has an important role
in supporting the antioxidant system of reactive oxygen
species (Bizjaxk MALI, unpublished) in defense against
free radicals that are harmful to cells, protecting the
liver from the negative effects.

Behavior

Virtually almost nothing is known about behavior of
the black proteus except for the following report by
prof. Tine Valentin¢i¢ (SKET et al. 2014; TRONTEL) et al.
2017), who showed that black protei were so aggressive
towards white ones in the common aquarium that the
experiment was discontinued and the animals had to
be separated. In terms of behavioral patterns in their
natural environment, we know that black protei come
regularly to surface water bodies in the evening, where
it is also possible to see them early in the morning
(ALJANCIE, BUuLOG, HUDOKLIN, MLINAR, ZUPANCIC,
pers. comm.). There is no evidence that this behavior is
associated with feeding patterns, even after one month
of continuous observation (BuLog, pers. comm.). Sim-
ilar is the behavior of the white protei.

THREATS AND CONSERVATION STATUS & ACTIONS

The water resources in the karst underground are ex-
tremely vulnerable to all kinds of pollution and con-
tamination with hazardous organic and inorganic
compounds. Any pollution of the karst surface may
affect the quality of water in its underground. The self-
cleaning capacities of the karst underground are poor
(SkeT & VELKOVRH 1981; Novak 1995; SKET 1996).
Among the most serious chemical pollutants are pesti-
cides, polychlorinated biphenyls (PCBs), and heavy
metals which persist in the environment, being slowly,
if at all, degraded by natural processes (BuLoG et al.
2002).

Most of pollution in karst areas is due to unsus-
tainable anthropogenic activities including intensive
agriculture and industry, unregulated communal in-
frastructure and industrial landfills. Proteus anguinus
parkelj is particularly endangered due to its limited
distribution, which might be estimated at even less
than 3 km? (GorI¢kI et al. 2017), as well as its specific
biology, such as permanent aquatic life history, its thin,
non-keratinized skin, and its longevity and consequent
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potential bio-accumulation of pollutants. The chronic
exposure to contaminants can cause the weakening of
the immune system of amphibians, and consequently
increased susceptibility to parasitic infections and
other pathogens (HAYEs et al. 2010). Many pollutants
in the environment act as endocrine disrupters, lead-
ing to hormonal balance disorders and a negative im-
pact on the reproductive system and reproduction.
The main threats for Proteus in Bela Krajina are the
overuse of pesticides and nitrogen fertilizers, and, after
2009, the free distribution of biogas slurry (Buroa
2007, 2012; HupokLIN 2011; BuroG & BizjaAk MALI
2014; Bizjax M ALl & BuLoG 2016; NAPARUS-ALJANCIC
et al. 2017). Furthermore, only 700 m away from the
black proteus locality at JelSevnik springs, foundry
sand with heavy metals was dumped into a doline be-
tween the years 1989 and 1993 (BuLog et al. 2002; Hu-
DOKLIN 2011). The groundwater was loaded with a
high content of aromatic hydrocarbons, phenols, and
iron (Novak 1995; HupokLIN 2011). The accumula-
tion of zinc and arsenic in both habitat and tissues of P.
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a. parkelj has been shown (BuLog et al. 2000, 2002).
The sand from this landfill was drained into the spring
and because of its coarseness the thin skin of the protei
was injured and subsequent lethal infections with
pathogenic water mold Saprolegnia sp. developed
(KoGEJ 1996), resulting in the death of some of the pro-
tei (BuLoG personal; HUDOKLIN 2011).

Human sewage represents another potential prob-
lem because local villages have no centralized sewage
system, and the waste water is decanting from septic
tanks directly into the karst underground. The pres-

ence of proteus individuals in the low karst plain indi-
cates its higher exposure to these sewage and agricul-
tural pollutants. Increased levels of nitrates and phos-
phates have been detected in the JelSevnik springs
(Burog 2007, 2009, 2011, 2012, 2015; reinterpreted by:
HupoxkLiN 2011; BuroG & Bizjak MALI 2014; Bizjak
MaL1 & Burog 2016). The values of nitrates were sig-
nificantly increased in 2010 and 2011 when a biogas
plant at Lokve in Crnomelj began to operate and espe-
cially in the spring reached values higher than 15 mg/L
of NO, (in some nearby localities the levels reached

Figure 11: Spleen (A & B) and liver (C & D) of Proteus anguinus parkelj Sket ¢ Arntzen 1994. arrows - clusters of pigment cells,
N - nuclei of hepatocytes, S - sinusoid, RBC - red blood cell in sinusoid, RP - red pulp, WP — white pulp. B. H&E staining. C.
Azur II - Methylen blue staining, semithin section. Lipid droplets in hepatocytes are green. D. Perls histochemical staining for
hemosiderin (blue). Scale bar: 1 mm (A), 20 ym (B, C & D). Photos: P. Mrak, 2007 (A & B) and M. Luznik, 2004 (C & D).

Slika 11: Vranica (A & B) in jetra (C & D) ¢rnega mocerila Proteus anguinus parkelj Sket & Arntzen 1994. Puscice - skupki
pigmentnih celic, N - jedra hepatocitov, S - sinusoid, RBC - rdeca krvnicka v sinusoidu, RP - rdeca pulpa, WP - bela pulpa. B.
Barvanje H&E. C. Barvanje Azur II - metilensko modro, poltanka rezina. Lipidne kaplje v hepatocitih so zelene. D. Histokemi-
jsko barvanje po Perlsu za hemosiderin (modro). Merilce: 1 mm (A), 20 um (B, C & D). Fotografije: P. Mrak, 2007 (A & B) in M.

Luznik, 2004 (C ¢ D).
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even up to 20 mg/L), probably as a consequence of in-
tensive manuring and pouring of slurry onto agricul-
tural surfaces, and the consequent leaching of nitrates
into underground water. Natural background concen-
tration of nitrate in groundwater in temperate regions
range from trace amounts to 3 mg/L (in Slovenia the
levels of nitrate in groundwater are evaluated on aver-
age 3.81 mg NO,/L; MEezGa 2014); concentrations
above 3 mg/L reflect anthropogenic contamination
(see in ROUSE et al. 1999).

The pollution trends with nitrates and orthophos-
phates at P. a. parkelj localities were assessed using the
IDW (Inverse Distance Weight) interpolation tool
from ArcGIS 10.3.1 (NAPARUS-ALJANCIC et al. 2017)
and published data from springs Dobli¢ica and
Jelsevnik in the years 1987 and 2014. This pilot GIS
analysis revealed a growing trend for both of these pa-
rameters implicating intensified use of fertilizer in ag-
riculture and unregulated sewage disposal in human
settlements of this area. The study also pointed out the
necessity for the implementation of a monitoring
scheme for the black proteus and its habitat, and also
exposed the importance of GIS analysis as an indis-
pensable tool for future conservation measures for
protection of the endangered black proteus.

Increasing nitrate levels in surface and ground
water are of global concern to amphibians, causing
death and developmental anomalies in amphibians
and impact other animals in aquatic ecosystems. The
field data suggest that nitrogen fertilizers may be con-
tributing (along with pesticides) to the decline of am-
phibian populations in agricultural areas (review in
CAMARGO et al. 2005). Laboratory studies have shown
that the toxicity of nitrate compounds to amphibians
increases with exposure times (review in CAMARGO et
al. 2005). A nitrate concentration of 10 mg NO,-N/L
(USA federal maximum level of nitrogen for drinking
water) can adversely affect freshwater invertebrates,
fishes and amphibians, at least during long-term expo-
sures (CAMARGO et al. 2005). Safe levels below this ni-
trate concentration are recommended to protect sensi-
tive freshwater animals from nitrate pollution. Fur-
thermore, a maximum level of 2 mg NO3-N/L would
be appropriate for protecting the most sensitive fresh-
water species (CAMARGO et al. 2005). Nitrates have
been shown to cause methaemoglobinaemia (cit. in
HAMER et al. 2004), in which the symbiotic microbiota
in the intestine convert nitrates to nitrites, which is ab-
sorbed and then oxidizes iron in hemoglobin to form
methaemoglobin that is unable to bind oxygen (HUEY
& BEITINGER 1980; ROUSE et al. 1999).

The groundwater quality standard in Europe for
the protection of human health for drinking water for
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nitrates is a concentration of up to 50 mg NO,/L (Fon-
TELLES & PEKKARINEN 2006). However, water quality
criteria for nitrate for the protection of wildlife do not
exist. At the request of the RS Nature protection agen-
cy, the National Laboratory for Health, Environment
and Food in Maribor, Slovenia, performed a study for
the assessment of risk that nitrates pose to the ground-
water ecosystem in the project area of LIFE Kocevsko
(KoLAR 2017). They propose several risk mitigation
measures that should apply in the Karst region in order
to reduce the risk of nitrate for proteus. One of the
measures listed is the implementation of the threshold
value of 9.2 mg NO,/L (which is equivalent to 2.1 mg
NO,-N /L) in groundwater as an environmental qual-
ity standard for proteus habitats.

In Slovenia, Proteus has been protected by national
legislation since 1922 and is currently classified as
‘Vulnerable’ by the International Union for Conserva-
tion of Nature (IUCN) red list of threatened species
(ARNTZEN et al. 2009) because of its fragmented and
limited distribution and declining population. In 1982
Proteus was placed on a list of rare and endangered
species in Slovenia. After joining the European Union,
Slovenia had to establish mechanisms for protection of
the species included in the EU Habitats Directive. Pro-
teus anguinus is included in the Slovenian Red List of
endangered species (SKET 1992). The caves inhabited
by protei were also included in the Slovenian part of
the Natura 2000 network (HUDOKLIN 2014).

The black proteus (P. a. parkelj) does not have any
special classification, but it is protected within the spe-
cies Proteus anguinus. However, it is in need of a par-
ticular protection, as its distribution range is so limit-
ed. This makes it the most vulnerable and threatened
population of Proteus to environmental pollution and
to various potential pathogens that are of global con-
cern to amphibians. The Council for the Protection of
the Environment of the Slovenian Academy of Science
and Arts (Kranjc 2018) formulated the standpoints to
support the actions of scientists and non-government
organizations (e.g. the civil society Drustvo Proteus in
the region of Bela krajina, the Cave laboratory Tular)
(ALJANCIC et al. 2017) for special protection of P. a.
parkelj. Some protection measures in force should to
be made stricter. An application to the state ministries
of environment and of agriculture was made for the
rapid preparation of a provisional law for particularly
strong protection measures for the black proteus area.
These should be replaced by well-considered perma-
nent legislation. »Black proteus and its habitat in Bela
krajina are unique, so the state, the local community
and local inhabitants must take special responsibility for
itl« (KrRANJC 2018).
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During the rainy season and flooding, proteus in-
dividuals are regularly washed out from their subter-
ranean habitat. Unfortunately, current laws and poli-
cies concerning the protection of Proteus limit the use
of such specimens for scientific purpose. With the per-
mission of the ARSO the “rescue” and return of washed-
out individuals of Proteus to their original natural hab-
itat is currently performed by the Tular Cave laboratory
(SOS Proteus — Refuge for protei) in collaboration with
a veterinarian (ZatoCi$Ce za zaslitene prostozivece
zivali Golob d.0.0) (ALJANCIC & ALJANCIC 2015). The
return of rescued proteus to cave habitats, however, is
potentially dangerous, especially if they are housed in
captivity for any length of time, due to emerging patho-
gens that are of global concern to amphibians and can
be inadvertently spread by human contact. Therefore,
we recommend that microbial analyses should be a part

of routine procedure before the animals are released.
Even more importantly, non-destructive samples for
genetic analyses should be obtained from such animals
to avoid inadvertent contamination of genetically di-
vergent populations. An unfortunate example is the
rescue of three black protei washed out to the surface at
Kanizarica (Ivanovi¢ 2012), which was at the same
time a newly found locality. These protei were then re-
leased into another locality at JelSevnik spring, because
it was the only accessible location; this was done with-
out any regard for possible contamination or accidental
mixing of different gene pools. For these reasons we
strongly discourage attempts to return stranded protei
to their natural habitat after human contact. Instead,
these animals should be kept in captivity in a proper
laboratory setting where they can be utilized for much
needed scientific research on this important animal.

PUBLICITY AND POPULAR SCIENCE

From the time it was first discovered, Proteus anguinus
(¢loveska ribica, the »human fish«), in the form of the
strange-looking troglomorphic white proteus, has long
attracted the interest of the public. It is of iconic sig-
nificance for the country
of Slovenia and a proteus
used to be featured on a
Slovenian coin. In the
first years of discovery of
the black proteus, news-
papers and popular sci-
entific journals in Slove-
nia frequently presented
short news stories on this
strange creature, sus-
taining a certain amount
of interest on the need
for environmental pro-
tection of this species
and in general (see list of
»other references«: ISTE-
NIC & BuLoG 1986; SKET
1992; HopaLIiC 1993;

Figure 12: A sculpure of Proteus anginus parkelj Sket &
Arntzen 1994 by the academic sculptor B. Kavcic (2018) at
the Jelsevnik locality to raise awareness on this remarkable,
vulnerable and threatened animal. Photo: L. Bizjak Mali.
Slika 12: Skulptura akademskega slikarja B. Kavcica (2018)
¢rnega mocerila Proteus anguinus parkelj Sket & Arntzen
1994 na Jelsevniku, ki opozarja na to izjemno, ranljivo in
ogrozeno Zival. Fotografija: L. Bizjak Mali.

Buroa 2005, 2007; USaj 2005; PaAvLovi¢ 2006; IvaANO-
vIC 2012; KukMAN 2012; ALJANCIC et al. 2015; BEZEK-
-JAXSE 2015; DoLZAN 2015; KRESE 2015; MARUSIC
2015, 2016; CvyETKOVIC 2016; CERVEK 2016; MALJEVEC
et al. 2016; Z1BERNA 2016; LEvsTIK 2017a, b; RAJSER
2017; STANKOVIC 2017; VLASIC 2017; ZMAHAR 2017;
MEezINEC 2018a, b). Among particularly interesting
news was the laying of black proteus eggs in the Tular
Cave laboratory in Kranj (JAkSETIC 2015). Various in-
terviews and documentary films about the black pro-
teus and its environmental problematic have been re-
corded over the years, including the famous Nick Bak-
er’s documentary (see list of »other references«: MLI-
NAR 1999, 2018a, b; Burog et al. 2003; Kutin 2005;
BAKER et al. 2007; MIHELCIC & Bizjak, 2008; JECIC
2015; ALJANICIC et al. 2016; BizjaAk MALI et al. 2016;
SuSTARIC et al. 2017). A permanent exhibition was set
up at Jelsevnik by the Department of Biology, BF, Uni-
versity of Ljubljana (ZNIDARSIC 2002, BuLOG & Bizjak
MALI 2014) in the house of the Zupanéi¢ family who
owns the land where the black proteus localities are
found and who has played an important role in the
public awareness and conservation of this subspecies. A
sculpture of the black proteus made by the academic
sculptor Bostjan Kavci¢ was placed near the JelSevnik
locality in October 2018 (Fig. 12) to raise awareness on
the vulnerability and threats to this remarkable animal
(BEZEK-JAKSE 2017). In 2018 a special postage stamp
was issued at the 250th anniversary of the formal de-
scription of Proteus anguinus. It was supplemented by a
bulletin with some illustrated data on Proteus, includ-
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ing P. a. parkelj. A descriptive article of the black pro-
teus by Sket & Arntzen 1994 was used in a popular edu-
cational article (SKET 1993¢) to illustrate the scientific
process and writing; in one column a popularly re-
shaped scientific paper was presented, in the other were
presented principles of scientific writing. The black
subspecies of Proteus is presented in detail in several
scientific encyclopedias (e. g. BuLog 2004; DURAND
2005; GORICKI et al. 2012; SKET 2012), in a monograph
(ALJANCIC et al. 1993), in natural science books (PAR-

ZEFALL et al. 1999; PosoL$aj 2003; BuLoG & Bizjak
MaAL1 2014), textbooks (SKET & DERMASTIA 2013), and
on verified webpages e.g. Wikipedia (BuLog & PoLraJ-
NAR 2011), AmphibiaWeb (Burog & VAN DEr ME1-
DEN 1999), and IUCN (ARNTZEN et al. 2009).

Despite this attention, the black proteus is still not
nearly as familiar among ordinary citizens, and even
among biologists, as the iconic white one. But its dis-
covery, with its swarthy skin, beady eyes, and bright
red gills, still seems a little shocking, as reflected by its

Figure 13: Proteus anguinus parkelj Sket & Arntzen 1994 in all its glory. Photos: D. Dalessi, 2012, Speleological laboratory at
Department of Biology, BF, University of Ljubljana.
Slika 13: Crni moceril Proteus anguinus parkelj Sket & Arntzen 1994 v vsem svojem velicastju. Fotografije: D. Dalessi, 2012,
Speleoloski laboratorij na Oddelku za biologijo, BF, Univerza v Ljubljani.
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taxonomic name »parkelj«, the Slovenian name for
Krampus, a terrifying mythological black demon who
goes from house to house during the Christmas sea-
son, frightening naughty children. It seems ironic that
the proteus named after such an »evil« creature is itself
so vulnerable due to human-made pollution in its nat-

ural habitat in Bela krajina. The true evil (and even
national shame) is the fact that the skin of living indi-
viduals of the black proteus has become so contami-
nated with fecal bacteria from human agriculture and
sewage that they might not be able to survive in their
own natural habitat.

POVZETEK

Namen tega preglednega clanka je bil, zbrati sklepe
vseh dosedanjih raziskav o ¢rni rasi in podvrsti moce-
rila (Proteus anguinus parkelj Sket et Arntzen 1994), ki
je endemit podzemeljskih voda belokranjskega krasa
in jugovzhodne Slovenije.

Prikazali smo glavna podrocja raziskav na ¢rnem
mocerilu, ki so potekale predvsem na Oddelku za biolo-
gijo Biotehniske fakultete, Univerze v Ljubljani. Sodelo-
vali so tudi raziskovalci z drugih ustanov, pa tudi dodi-
plomski in podiplomski studentje. Skupina za zoologijo
in speleobiologijo pokriva $iroko podrocje od taksono-
mije, evolucije in biogeografije podzemeljskih habitatov
in organizmov, do splosne biodiverzitete. V skupini za
funkcionalno morfologijo vretencarjev pa se ukvarjajo
predvsem s funkcionalno morfoloskim prilagajanjem
proteja na njegov habitat, v kontekstu ranljivosti od
strupenega kemicnega in organskega onesnazenja, z
daljnoseznim ciljem razumevanja dejavnikov, ki lahko
prizadenejo mocerilovo prezivetje v njegovem narav-
nem okolju. Pomemben doprinos predstavljajo tudi
raziskave jamskega laboratorija Tular s prispevki za
ozaves¢anje javnosti o naravovarstveni problematiki.

Prvi ¢rni osebek mocerila so ujeli raziskovalci In-
Stituta za raziskovanje krasa (iz Postojne) oktobra 1986

ob poskusnem ¢rpanju podzemeljske vode na izviru
Doblicice pri Crnomlju v Beli krajini (ALJANCIC in sod.
1986; MIHEVC 1986; SKET & ARNTZEN 1994). Prvo po-
rocilo o anatomskih znacilnostih je podala Lili Isteni¢
1987, pozneje Boris Sket (1993 b, ¢), novi takson je bil
ze zelo temeljito znanstveno opisan in poimenovan kot
Proteus anguinus parkelj Sket et Arntzen leta 1994 na
osnovi zunanje morfologije, osteoloske slike in bioke-
mijske alocimske analize.

Podrobnejse filogenetske studije po kontrolni re-
giji mitohondrijske DNK so uvrstile ¢rno raso v ju-
govzhodno slovensko skupino populacij (Gori¢ki
2006; GorICKI & TRONTELJ 2006; TRONTELJ et al.
2009). Kljub opravljeni filogenetski $tudiji ni povsem
jasno, katera rasa je filogenetsko in evolucijsko prvo-
bitnejsa.

P. a. parkelj potrebuje strogo varstvo, saj je njegova
razsirjenost skrajno omejena (izracunan areal je le
nekaj kvadratnih kilometrov (GoricCki et al. 2017),
nekaj bioloskih posebnosti pa dela njegove populacije
najbolj ranljive in ogrozene pripadnike proteja; ogroza
ga tako onesnazenje okolja, kot tudi potencialni pato-
geni, ki ogrozajo dvozivke po vsem svetu.
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HISTORY OF RESEARCH ON PROTEUS ANGUINUS LAURENTI
1768 IN SLOVENIA

ZGODOVINA RAZISKOVANJA CLOVESKE RIBICE (PROTEUS
ANGUINUS LAURENTI 1768) V SLOVENIJI

Gregor Aljancic!

ABSTRACT
History of research on Proteus anguinus Laurenti 1768 in
Slovenia

Olm or proteus (Proteus anguinus Laurenti 1768) was
the first taxonomically described cave animal in the world,
by J. N. Laurenti, 1768, upon a specimen that was apparently
found on the famous lake Cerknisko jezero, Slovenia, yet the
existence of this unusual animal in Slovenija had been
known long before.

The research on Proteus is one of the oldest Slovenian
natural history projects, a 330 year spiritual bond: from the
first description by one of pioneers of karst research J. V.
Valvasor in 1689, to the renowned naturalists J. A. Scopoli,
who was the first researcher to actually examine proteus
from the Sti¢na area in 1762. One of the central figures of the
early proteus research was Z. Zois, the first who studied pro-
teus behaviour, and conducted earliest physiological and
ecological observations, together with Viennese zoologist
Karl von Schreibers. Zois’s work was continued by two re-
searchers of proteus distribution F. . Hochenwart and H.
Freyer, and other researchers of the 19 and 20" century.

For the last 250 years, this mysterious animal has con-
stantly raised scientific and public attention, and gradually
became not only an important symbol of Slovenia’s nature,
but also a part of its cultural heritage. The zoologically ex-
traordinary Proteus was also an important object in the his-
tory of international nature research, puzzling the minds of
most prominent naturalists, from Linnaeus, Cuvier and
Humboldt, to Lamarck and Darwin.

This article also presents reproductions of the earliest
illustrations of proteus: a collection of ten published and un-
published work between 1752 and 1849, a forgotten heritage
of the first 100 years of proteus research. In Memoriam Ziga
Zois (1747-1819).

Key words: Olm, Proteus anguinus, history of natural hi-
story, Slovenia, Zois

http://dx.doi.org/10.3986/fbg0050

IZVLECEK
Zgodovina raziskovanja ¢loveske ribice (Proteus anguinus
Laurenti 1768) v Sloveniji

Cloveska ribica ali moceril (Proteus anguinus Laurenti
1768) je bila prva taksonomsko opisana jamska zival na
svetu. Laurenti jo je opisal leta 1768, po primerku, ki naj bi
ga nasli na Cerkniskem jezeru, vendar je bil obstoj te nena-
vadne dvozivke v Sloveniji Ze dolgo znan.

Raziskovanje ¢loveske ribice je eden od najstarejsih slov-
enskih naravoslovnih projektov, 330 letna duhovna vez. Od
Valvasorja, enega od pionirjev raziskovanja krasa, ki je objavil
prvo omembo proteusa ze leta 1689, do priznanega nara-
voslovca Scopolija, prvega raziskovalca, ki je clovesko ribico,
najdeno leta 1762 v okolici Sti¢ne, dejansko prvi preucil. Ena
od osrednjih osebnosti zgodnjih raziskovalcev cloveske ribice,
7. Zois, je kot prvi preuéeval vedenje ¢loveske ribice (1795), in
je v sodelovanju dunajskim zoologom Karlom von Schreiber-
som izvedel najzgodnejse fizioloske in ekoloske raziskave na
tej vrsti. Zoisovo delo sta nadaljevala dva raziskovalca
razdirjenosti ¢loveske ribice, muzealca F. . Hochenwart in H.
Freyer, ter drugi raziskovalci 19. in 20. stoletja, do danes.

Zadnjih 250 let je ta skrivnostna Zzival nenehno dvig-
ovala pozornost znanstvenikov in javnosti, ter postopoma
postala ne le pomemben simbol slovenske narave, temveé
tudi del njene kulturne dedi$¢ine. Cloveska ribica, je bila
zaradi svojih zooloskih posebnosti veckrat pomemben ob-
jekt v zgodovini razvoja mednarodne naravoslovne misli
med 17. in 19. stoletjem, in je zbujala vprasanja v
najpomembnejsih naravoslovcih, od Linnéja, Cuvierja in
Humboldta, do Lamarcka in Darwina.

V  prispevku so predstavljene tudi reprodukcije
najzgodnejsih ilustracij ¢loveske ribice: zbirka desetih objav-
ljenih in neobjavljenih del med letoma 1752 in 1849,
dedis¢ina prvih 100 let raziskovanja cloveske ribice. V
spomin na Zigo Zoisa (1747-1819).

Kljucne besede: ¢loveska ribica, Proteus anguinus, zgodo-
vina naravoslovja, Slovenia, Zois

! Tular Cave Laboratory, Society for Cave Biology, Oldhamska 8a, SI-4000 Kranj, Slovenia, gregor.aljancic@guest.arnes.si
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1 INTRODUCTION

Karst is a geomorphological landscape, named after
the region of Kras [Italian: Carso, German: Karst], a
limestone plateau above the Gulf of Trieste, on the
north western corner of the Dinaric karst (Gawms,
2004). Its monumental phenomena, such as the river
thundering into the abyss of Skocjanske jame, fasci-
nated antique writers and travellers along the only
practicable road from Central Europe to Mediterrane-
an (KraNjc, 2019). Around these karst features also
raised early researchers (e.g., Imperato, Valvasor,
Nagel, Steinberg, Hacquet, Gruber, Hochenwart), and
through early international scientific cooperation the
region Karst transformed in landscape karst, observed
in landscapes around the world. By the end of the 19™
century the understanding of karst developed into
karst science (e.g., Cviji¢, Kraus and Martel) (Kranjc,
1998; Gams, 2004; KrANJC, 2019).

But this journey could not be completed before the
cognition that karst underground harbours unique
life, which emerged through the second part of the 19
century. The birth of speleobiology was triggered by
Ljubljana entomologist Ferdinand J. Schmidt (1791-
1878) with his description of the first cave beetle Lepto-
dirus hochenwartii Schmidt 1832 (ScumipT, 1832;
ALJANCIC, 1991; PoLaK, 2005), followed soon by dis-
coveries of other cave-adapted invertebrates in Posto-
jnska jama (ALJANCIC et al,, 1993; SKET, 1993A; SKET,
2012). The hotspot of karst research finally revealed
the global hotspot of the subterranean biodiversity rec-
ognised today (SKET, 1993A; SKET, 1999; CULVER and
SKET, 2000; CULVER & PipAN, 2009; SKET, 2012). An
essential part of this process at the emergence of mod-
ern science was the research of the olm or proteus (Pro-
teus anguinus Laurenti 1768).

2 FIRST RECORDS ON PROTEUS

In Slovenian part of the Dinaric karst (Gams, 2004),
proteus spans from the regions of Kras and Vipava val-
ley in the west, trough Notranjska and Dolenjska, to
Bela krajina on its south-east, in 330 years of research
documented at over 180 localities (reviews of proteus
distribution in Scorovri, 1772; HOCHENWART, 1838;
FREYER, 1846A; ALJANCIC, 1962; ALJANCIC, 1964A;
ALJANCIC, 1984; SKET & ARNTZEN, 1994; SKET, 1997;
GORICKI et al., 2017; HUDOKLIN & ALJANCIC, 2017). In
most of these regions, proteus occasionally appears on
the surface habitats (e.g., at karst spring, well, surface
stream, flooded karst polje). People knew it from their
tradition and experience (Zois, 1807), found it after
floods or came across it on karst springs while collect-
ing drinking water or watering their livestock (M1-
CHAHELLES, 1831; HOCHENWART, 1840), such as the
Virski Studenec spring near Sti¢na, Slovenia, where
this unusual animal was called in Slovenian bela riba
[white fish] or ¢loveska riba [human fish], because of its
toes and fleshy skin colour (Zo1s, 1807).

In the karst landscape, where surface water is al-
ways lacking (GaMms, 2004), proteus may have served as
an indicator of a reliable source of drinking water,
which could explain the symbolism of the depiction of
two supposed protei on a stone well-head (10 centu-
ry), which was once located in front of the San Nicolo
church on the Venetian Lido (VORNETSCHER, 1972;
SHAW, 2005), perhaps quarried and sculpted some-
where on the Classical karst (ALJANCIC et al., 1993).
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It is not a surprise that proteus was for the first
time shortly described 330 years ago by Janez Vajkard
Valvasor (1641-1693), a Slovenian polymath and one of
the pioneers of karstology, in his fundamental work
Die Ehre des Herzogthums Krain [The Glory of the
Duchy of Carniola] (VALVASOR, 1689). This is the earli-
est known published description of any cave animal.

When Valvasor was returning from one of his
many study travels around the Duchy of Carniola (to-
day’s central Slovenia), people from the area between
Logatec and Vrhnika (25 km south-west from Ljublja-
na), told him about local curiosities, among them
about the Lintvern, an unusual spring from which the
water flows only twice a day. The next day, on 25 June
1684, Valvasor enquired further and visited the spring.
The local guide explained the phenomenon of periodic
flow by attributing it to a legend of a dragon that lives
in the hill behind the spring. Namely, when the water
level rises up to dragon’s throat, it provokes discom-
fort; therefore the dragon has to move causing the
water to flow from the spring. And that happens twice
a day. As proof, he told Valvasor about the occasional
findings of washed-out dragons. Valvasor interviewed
the Vrhnika postal master Hofmann about the matter,
who described the not fully grown dragon he collected
two years earlier and displayed to the public. This led
Valvasor to conclude, that this was, of course, not a
mythological creature, but an animal shorter than a
span, similar to a lizard, in sum, an earthly reptile,
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which can be occasionally found here and there (VALVA-
SOR, 1689). Unfortunately, Valvasor never saw the ani-
mal, although visited or thoroughly explored several
proteus localities (e.g., Podpeska jama; ALJANCIC et al,,
1993).

Proteus was also recognised from the mentioning
in the book of Franc Anton Steinberg (1684-1765), Slo-
venian geographer and one of pioneers of karst re-
search, who described an unusual finding of five white,
four-legged fish, caught by fisherman Primoz Ziherle
in 1751 in the flooded Planinsko polje near the spring
of Malni (STEINBERG, 1758; FREYER, 1846A; GROSELJ,
1933; ALJANCIC et al., 1993; SHAw, 2010). It is interest-
ing to note, that although Steinberg tried to explain
how Valvasor’s intermittent spring Lintvern may func-
tion, Steinberg himself never noticed the resemblance
between with the animals described by him and Valv-
asor (FREYER, 1846A).

Both mentioning of proteus before its actual taxo-
nomic description (VALVASOR, 1689; STEINBERG, 1758)
were recognised already by the early researchers (FRE-
YER, 1846A). Significance of such precious mentioning

and representation was just recently recognised and
evaluated by Trewor Shaw and Alenka Cuk (SHAwW &
Cuk, 2015), hiding on a beautiful though imaginative
map, one of 12,000 units of the Moll Atlas kept at the
Moravian Library in Brno (GEYER, 1752; SHAW & Cuk,
2015). Along with other seven original representations
of karst features from Carniola, attributed unknown
artist Geyer, the particular Map of Postojna and sur-
roundings from 1752 (GEYER, 1752; SHAw & CUK, 2015;
Moll-0001.210; Fig. 1) has depicted a cave entrance,
with an intrigues panel (translated from German after
Trewor Shaw; SHaw & CuUk, 2015): “A small cave in
which the peasant inhabitants here catch a lot of snakes
and sell them to Venice”. The cave was identified by
Shaw & Cuk (2015) as being the Crna jama, where pro-
teus has first been found in the underground (Ho-
CHENWART, 1838; SHAw & CUK, 2015; see details below).

The artist drew at least five snake-like creatures
inside this stylized cave, indeed creating a realistic
sight on a group of proteus somewhere in the Postojna-
Planina Cave System. This map represents the oldest
known drawing of proteus (SHaw & Cuk, 2015). It is

mn KLEINE uﬂaThlﬂmhuﬂn
PAS LATMD VOLG IXALICH i U
EALBASIRE MENGE VIPEATIFATG)
UND NACHER VEHEDICH VERKAUS

Figure 1: Geyer, 1752: Imaginative presentation of the Crna jama with several proteus (A), detail at the Map of Postojna and
surroundings, 63,5 x 89 cm (B) from the Moll Atlas (Geyer, 1752; first published in Shaw & Cuk, 2015; Collection of the Mora-
vian Library in Brno, Czech Republic, Moll-0001.210, with permission).
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surprising that Steinberg, born near Postojna, did not
mention such activity among the local people only six
years after the map was drawn. If the stated yearly sell-
ing of proteus to Venice (or Trieste?) is correct, such
traffic could be attributed rather to be used as fishing-
bite, or sold as delicacy, as occasionally reported to be

on sale at the fish-market in Trieste in the first half of
the 19 century (CONFIGLIACHI & Rusconi, 1819;
SHAW, 1999). It is also worth to mention, that bela ka-
¢ica [white snake, diminutive form] was indeed one of
the documented Slovene vernacular names (FREYER,
1850; see below).

3 HOW PROTEUS WAS DISCOVERED

The first researcher to actually examine proteus was
Joannes Antonius Scopoli (1723-1788), a South Tyro-
lean physician, between 1754 and 1769 appointed to his
first post at the mercury mine in Idrija, Slovenia
(SoBAN, 2004). There he became one of the distin-
guished naturalists of his time, with special dedication
to fungi, plant and animal taxonomy of Carniola
(SoBAN, 2004); among higher taxa, Scopoli introduced
Caudata (ALJANCIC, 2012).

An unusual animal (perhaps two specimens;
SoBAN, 2004) was brought to Scopoli from the area of
Sti¢na (25 km south-east of Ljubljana) by his associate
botanist Franz X. Wulfen (1728-1805). In his letter to
Carl Linnaeus (1707-1778), dated 3rd May 1762, Scopoli
presents the animal of an unknown amphibian living in
caves around Sti¢na, with detailed taxonomic descrip-
tion under the name Lacerta caeca [blind lacerta] to be
included in the next edition of Systema Naturae, and
offered to send him the specimen (ScopoLi, 1762; trans-
lated from Latin by Darinka Soban; in SoBAN, 2004):

To the distinguished and illustrious Sir
Mr. Carl Linnaeus
Knight of the North Star etc., etc.
Restorer of the Natural Sciences,
and to the most learned Assembly
of the Royal Academy of Sciences
in Uppsala.
This new Lacerta species
is presented and dedicated
by Joannes Scopoli, physician at Idrija.

Among the natural specimens which I was the first
to discover in the Duchy of Carniola, this new amphibi-
an species certainly is not of the least importance. I ob-
tained it recently as a living animal in Ljubljana from
my learned friend F. X. Wulfen, of the Society Jesu. It is
worth being included in the Systema Naturae of the dis-
tinguished Knight Carl Linnaeus as

9. caeca. Lacerta [blind lizard]: It has a short, two-

-sided tail, three fingers on the hands and two toes

on the feet. It lives in fresh waters which emerge
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from the underground caves near the place Sticna.

Not frequent.

Description: Body clumsy, cylindrical, bare, muco-

us, thicker than a human thumb.

Head rounded, partly flattened, thicker and smaller

on the back, with an obtuse mouth and a shorter

lower jaw; no eyes, two protruding tubercles in their
place; on both sides of the throat auricular combs,
composed of 3-4 fringed ramifications, cinnabar-co-
loured. Both jaws with teeth, the mouth opening
small, only 3 lin. [6.3 mm] long. Legs: anterior with
three fingers, posterior with two toes; without nails.

Variation 1° stature of standing animal, white all

ovet, auricular comb with four ramifica-
tions.

2¢ stature and colour as shown in the pic-
ture, auricular comb with three ramifica-
tions. It feeds on tiny snails, abundant in
our waters. I add some samples.

I keep this animal preserved in alcohol, together
with Sepia sepiola. I will send it to you together with the
bird Upupa muraria and the rhizomes and specimens
you graciously asked me for. My only request is that you
prevail upon Mr. Jacquin, whom you already know from
elsewhere, to receive in Vienna the items enumerated
above and forward them to you. Please kindly ackno-
wledge the receipt of my box, filled with insects, plants
and rocks, which I had sent to Mr. Jacquin in order to be
forwarded to you via Mr. Gronovius, as soon as you get
it. In the meantime, I wish you good health, and remain
benevolent to me.

Posted at Idria on 3rd May 1762.

If you will kindly answer, please direct the letter as
follows:
Vienna - Ljubljana - Idrija.

Such letters, together with its valuable supple-
ments (e.g., specimens, seeds, drawings, new books),
were practically the only way to contribute material
for the growing Systema Naturae. Well packed for
1-18 month long post delivery from Idrija to Upsala,
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the mail was first examined in Vienna (SoBAN, 2004).
Many of these descriptions of new species from Car-
niola are still valid today, and Linnaeus himself
named Scopoli as one of the auctores reformatories
(SoBAN, 2004; ALJANCIC, 2012). A closer insight into
the part of the early natural history science of the
Linnaean period is embraced in the remaining cor-
respondence between Linnaeus and Scopoli (1760-
1775), devotedly collected, translated and interpreted
by physician and botanist Darinka Soban (SoBAN,
1995; SOBAN, 2004).

The enclosed drawings of proteus were unfortu-
nately lost; probably archived separately, or even for-
warded for an opinion - perhaps not destroyed. Al-
though Linnaeus’ reply to the letter is also lost, and the
discovery was never again mentioned in the preserved
correspondence, we may well understand concerns of
Linnaeus and his time: “Undoubtedly, it is as hard to
recognise animals in their larval forms as masked peo-
ple at the theatre;” (LinNAEUS and OSTERDAM, 1766;
SoBAN, 2004). Though, the animal in question indeed
belongs to a species not known before, the obvious am-
phibian larval characteristics of its body (e.g., external
gills, flat tail fin) implied it must still be a tadpole of an
unknown species. Not aware of proteus neotenic na-
ture (ALJANCIC et al., 1993; SKET, 2007), Linnaeus hesi-

tated to publish it until Scopoli finds an adult speci-
men as well (ScopoLl, 1772; SCHREIBERS, 1801; Ho-
CHENWART, 1838; ALJANCIC et al., 1993; SoBAN, 2004;
ALJANCIC, 2012). The next, 122 edition of Systema Na-
turae did not contain Scopoli’s Lacerta (LINNAEUS,
1766), while Linnaeus himself was not as strict in the
case of the greater siren (Siren lacertina) (SCHREIBERS,
1801), another neotenic amphibian. It appears that
Linnaeus has never actually saw proteus.

Finally, in 1768, Viennese physician and naturalist
Joseph Nicolaus Laurenti (1735-1805) formally de-
scribed the species under the name of Proteus angui-
nus, and included it in his extensive study Sinopsis Rep-
tilium [An Overview of Reptiles] (LAURENTI, 1768).
Description of the new genus and species (translated
from Latin by Darinka Soban; in SoBAN, 2004):

[Page 35-36, description of the new genus]

GENUS V.

PROTEUS

An amphibian that has simultaneously gills and presu-
mably lungs. Under the surface of the water it breathes
water with the gills, when on dry land it inhales air with
the lungs; perhaps it can thus leave a dried-out lake and
go elsewhere. The jaws and the fingers stunted. The tail
ridged. It differs from some interim development stage

Figure 2: Joseph N. Laurenti, 1768: First accurate
illustration of proteus, in a swimming position,
although depicting a specimen stored in the collection
of Sigismund Hohenwart (Fig. III, Laurenti, 1768;
Ernst Mayr Library, Museum of Comparative Zool-
ogy, Harvard University, USA).
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by its ability to use the gills and the lungs simultaneou-
sly, not successively.

[Page 37, description of the new species]
XXXVI. Proteus anguinus. Tab. IV, Fig. 3.

Diagnosis:

It walks with its hind legs. The body rounded, oblong,
very pallid, without fins, with coral-red gill appen-
dages. The tail flattened, covered with skin. It has
1o eyes.

It lives in Lake Cerknica in Carniola in the spring. The
specimen has been kindly provided by the reverend
father Hohenwarth, a Jesuit, for the purposes of re-
search and for the drawing.

NB: Whoever pretends this is just a large larva should
show the animal that grows from it, lest he lose his
credibility.

The note at the end of the description was pointing
at Linnaeus, indicating that some discussion on pro-
teus may have existed even before first publication
(SOBAN, 2004). Proteus was first mentioned in the 13
edition of Systema Naturae (1789), in a short comment
explaining where proteus should taxonomically be
placed (i.e., in Amphibia, between genus Rana and
Draco; see comments on the taxonomical classification
of the time in SKET, 2007), if most careful observations
of more researchers would establish that no slower or
later metamorphosis occurs (GMELIN, 1789; ALJANCIC,
2007).

The description is short, with errors due to little
information Laurenti could possibly received from
Hohenwart, with no opportunity to dissect it (SCHRE-
IBERS, 1801). The description is accompanied by an il-
lustration of the specimen, preserved in alcohol, in a
reconstructed swimming position (Fig. 2), although
Fitzinger presumes that it was drawn upon a live ani-
mal (Fitzinger, 1850). The finding site indicated by
Laurenti was the intermittent lake Cerknisko jezero,
Slovenia, a karst polje already famous around the
world (VALVASOR, 1689; STEINBERG, 1758; FITZINGER,
1850; ALJANCIC et al., 1993; GaMms, 2004).

Six years after Laurenti, Scopoli finally published
his description of proteus (ScopoLi, 1772), although
less detailed as in the letter to Linneaus. Scopoli cor-
rected Laurenti’s terra typica, saying that proteus is not
in the Cerknisko jezero, but in the underground cave
near Sticna (translated from Latin by Darinka Soban;
in SOoBAN, 2004), occasionally washed-out in summer
(ScopoLr, 1772). In this short comment, he did not ex-
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plain why he disagrees with Laurenti’s Cerknisko jeze-
ro, and the origin remained open (SKET, 2007). Indeed,
200 years after Scopoli and Laurenti, the first case of
washed-out proteus has been documented at the edge
of the Cerknisko jezero (Arjanci¢, 1966C), and re-
cently proteus was also found in situ (DROLE, 2017).
Although rarely, proteus does appear in the area in
spring-time (e.g., washed-out after spring floods) as
was written down by Laurenti (SKET, 2007).

Details on these earliest specimens could be found
in publications of researchers, who may still had access
to original unpublished information (e.g., Ziga Zois,
Franc J. Hochenwart, Karl von Schreibers, Henrik
Freyer; see their contributions further below). Carl
Schreibers remembers that the Museum of Natural
Curiosities in the University of Vienna received a spec-
imen nearly the same time as Hohenwart, and that
Scopoli received more than one specimen (SCHREI-
BERS, 1801). At the beginning Henrik Freyer accepts
Laurenti’s Cerknisko jezero (FREYER, 1842), later ex-
plains that people of Sti¢na raised Scopoli’s attention
on proteus, that Scopoli sent one specimen to Johann J.
Well (1725-1787), professor at the Medical Faculty of
the University of Vienna (1776-1780), and that Hohen-
wart received his exemplar from Scopoli (FREYER,
1847A).

The area of Sti¢na seems to be more plausible ori-
gin of Laurenti’s exemplar, if we look closer, who actu-
ally collected these very first specimens. As mentioned
before, Scopoli received proteus from his associate
Waulfen, of Swedish origin, at that time lecturing logic,
metaphysics and Newton’s physics at the Jesuit Lyceum
in Ljubljana (PRAPROTNIK, 2016).

On the other hand, Laurenti received his speci-
men not more than six years later from naturalist Si-
gismund Hohenwart (1745-1825), at that time vicar
in Klagenfurt/ Celovec. Jesuit Sigismund Hohenwart
was born in Celje (not to confuse with other natural-
ists of this old Carniolan noble family; SIC Soban,
2004), and started to accompany his teacher Wulfen
at field-excursions, often together with other natural-
ists (DEZMAN, 1856). His large collection became one
of foundations of the first Austrian museum, the Sty-
rian Provincial Museum (Joanneum) in Graz/Gradec
(1811).

We should not overlook the connection of Jesuits
Waulfen and Hohenwart with the aincient Cistercian
monastery in Sti¢na, and the possibility that the monks
from Sticna draw the attention to proteus (SOBAN,
2004; JuzNIC, 2009, but check author’s claims in the
primary sources), but this seems to be less likely, be-
cause Scopoli would not have given the credit only to
Waulfen. Nevertheless, it does appear that the monks
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have kept proteus at the Sti¢cna Monastery to forcast
changes in weather (AGAPITO, 1823; SOBAN, 2004).
Within the network of these Enlightenment natu-
ralists, we may presume, Scopoli must have known the
origin of the Hohenwart’s specimen when correcting
Laurenti, since otherwise he would simply publish his
data as an additional area of proteus distribution, not
as its sole. But, from which karst spring within this

small area of Sticna? Already from the experience of
early researchers (Zois, 1807; HOCHENWART, 1838;
FREYER, 1846A), which we may only confirm (BREssI
et al., 1999; Korbi$, 2016; HUDOKLIN & ALJANCIC,
2017), the only reliable site to see rare proteus outside
caves in the area is the Virski studenec, from this point
of view the most plausible locus typicus of Laurenti’s
proteus.

4 EARLY STUDIES

After a few echoes on the taxonomic description were
settled, proteus seemed to be forgotten (Zors, 1807). It
was Karl Franz Anton von Schreibers (1775-1852),
physician and later professor of zoology at the Medical
Faculty of the University of Vienna and director of the
Viennese Natural History Collection, who first studied
the proteus in detail. In 1795, while rearranging the
museum collection, he found a jar with half dry speci-

men not alike any animal he knew (Arjancic, 2007).
To further explore proteus anatomy, young Schreibers
has asked renowned Ljubljana naturalist Ziga Zois,
through his teacher Professor Peter Jordan, Zois™ ac-
quaintance, for fresh specimens.

Baron Ziga Zois (1747-1819) was the main figure of
the Slovene Enlightenment, named after him the Zois
Circle. For half a century this was the centre of scien-

Figure 3: Karl von Schreibers, 1801: Proteus depicted in swimming position, with red external gills - information from Zois
reports on proteus behaviour, since Schreibers had not the opportunity to see a live animal during this early study (Schreibers,

1801; Library of the Royar Society, The United Kingdom).
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tific efforts in many different fields of science in Lju-
bljana, closely connected with similar natural history
circles in cities across Europe (ALJANCIC, 1997; ALJAN-
¢1¢, 2007). These fragments of the early modern sci-
ence were thoroughly presented by Marko Aljanci¢
(ALJANCIC, 1997; ALJANCIC, 2007; with Slovene trans-
lation and reprint of Zois, 1807). Among naturalists
being part of the Zois Circle, we should mention his
brother Karel Zois (1756-1799), Balthasar Hacquet
(1739/40-1815), Franc J. Hochenwart (1771-1844), Val-
entin Vodnik (1758-1819), Rihard Ursini Blagay, and
Valentin Stani¢ (1774-1847). Following the mountain-
eering steps of Scopoli, they were among the first col-
lecting botanical, zoological, paleontological and min-
eralogical material in Alps of Carniola and Carinthia
(Austria), during which the circle also accomplished
some of the first documented ascents on higher peaks
of Alps, from Triglav (2864 m; 1778) in Slovenia, to
Grossglockner (3797 m; 1800) in Austria (Mik$a &
ZORN, 2016). Zois collection of minerals became one of
foundations of Ljubljana Museum (DEZMAN, 1856).
Zois collected fresh specimens for Schreibers’ an-
atomical research, and was the first who actually
studied live proteus. He was determining the appro-
priate breeding parameters and was the first who re-
searched proteus behaviour and physiology (feeding,

locomotion and reaction to light, heart pulse and gill
blood flow, etc.) (ALJANCIC, 2007). Between 1795 and
1807, Zois maintained proteus in his Ljubljana palace;
long enough to first dispute the aforementioned Lin-
naeus’ comment (GMELIN, 1789) of a possible later
metamorphosis into an adult animal through long-
term captivity (Zois, 1807; HoCHENWART, 1838;
ALJANCIC, 2007).

Schreibers’ detailed study was also the first on the
anatomy of proteus. One of main goals of Schreibers
study was to demonstrate the adult stage of proteus
through anatomical proof, which was supported with
Zois’ observations from Ljubljana and Sti¢na (reports
were submitted in three letters: 1795, 1799 and 1800)
cited through the paper, published upon a lecture at
the Royal Society in London (SCHREIBERS, 1801; Fig.
3). On his travel to London and Paris (1800), Schreibers
presented results of his studies, and for the first time
properly introduced proteus to the science, which ini-
tiated the interest of famous naturalists Georges Cu-
vier (1769-1832) in France, Lorenz Oken (1779-1851)
and Karl Michahelles (1807-1834) in Germany, and
Pietro Configliachi (1777-1844) and Mauro Rusconi
(1769-1832) in Italy.

The only Zois’ (unsigned) published contribution
is dedicated to proteus (Zors, 1807). There, Zois pre-

Figure 4: Vinzenz Dorfmeister, upon preparations of Ziga Zois (I), around 1805: one of three earliest drawings of proteus upon a
live animal (pencil drawing, unpublished; details in Aljancic, 1998; Library of the Slovenian Academy of Sciences and Arts, Zois

Legacy R 98/1, with permission).
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sents proteus on high scientific level, explaining the
geology of Sti¢na, proteus distribution, history of re-
search and review of literature, and the results of
Schreibers (1801) and Zois’ own research (ALJANCIC,
2007). Since the already explained inaccessibility and
rarity of proteus, at the time known only from the
Sti¢na area, Zois rather sent accurate coloured illustra-
tions to naturalists and museums around Europe, pro-
duced for that purpose by Vinzenz Dorfmeister, pro-
fessor of drawing at the Ljubljana Lyceum (Zors, 1807;
FITZINGER, 1850). Only three drawings were preserved,
hidden in the archive of the Library of the Slovenian
Academy of Sciences and Arts (R 98/1; legacy of Zois),
where they were found in 1998 by archivist Drago
Samec among the legacy of the study material of Acad-
emician Primoz Ramovs (1921-1999), and firstly
showed the drawings to Marjana Peterlin (Natural
History Society of Slovenia), who realized their poten-
tial importance. It is not possible to describe the excite-
ment of Marko Aljanci¢ later the same day, when he
finally saw the drawings he was searching for many
years. According to Marko Aljancic, these illustrations
were produced around 1805, representing the earliest
preserved illustrations of proteus, drawn upon a live
animal (ALJANCIC, 1998; Marjana Peterlin, per. comm.
8 March 2019; Figs. 4, 5 & 6).

Most unfortunately, as reported by Freyer (1849),
almost all scientific material from the time of early re-
searchers, which Schreiber gathered at the Vienna Mu-
seum, was destroyed in fire during March Revolution
1848 (Aljancic¢, 1991; Aljancic, 1997). Lost was the in-
valuable collection of early specimens, Schreibers’ ex-
haustive notes on Scopoli’s and particularly Zois’ new
finds, observations, illustrations, etc., including the
most precious live proteus from Laze on Planinsko
polje (FREYER, 1849), apparently the specimens docu-
mented by Freyer a few years earlier (FREYER, 1846B;
Figs. 8, 9 & 10). One of rare objects which were not
destroyed, is an accurate wax model of an particularly
well grown proteus, that Zois collected at Rupe near
Sti¢na in 1806 (Aljanci¢, 1991). While Zois ordered il-
lustrations of proteus to overcome the constant short-
age of specimens before the presence of proteus in the
Crna jama became generally known (ALjaANCIC, 1998),
Schreibers ordered such models, perhaps also to create
more educative presentation of proteus at the Vienna
museum (ALJANCIC, 1991). It is interesting to note, that
both presentations appeared in about same time, per-
haps created upon the same individual.

alf

Figure 5: Vinzenz Dorfmeister, upon preparations of Ziga Zois (II), around 1805: coloured version of the same animal and
position as in Fig. 4; a particularly well grown adult (coloured drawing in approx. life-size; first published in Aljancic, 1998;
Library of the Slovenian Academy of Sciences and Arts, Zois Legacy R 98/1, with permission).
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Figure 6: Vinzenz Dorfmeister, upon preparations of Ziga Zois (III), around 1805: detailed dorsal and lateral drawing of the

head, external gills particularly precisely depicted (coloured drawing, unpublished; details in ALJANCIC, 1998; Library of the
Slovenian Academy of Sciences and Arts, Zois Legacy R 98/1, with permission).

5 RESEARCH OF PROTEUS DISTRIBUTION

Not all proteus studies have remained as fundamen-
tally important as they seemed to the early explorers.
One of such truly long-term studies on proteus is the
research of proteus distribution, by far the highest in
number of researchers involved, as well as by the ex-
tent of general public involvement, since it largely de-
pends on reports from local people. Also, search for
proteus in the inaccessible subterranean habitat was
always physically, materially and financially most de-
manding (FREYER, 1849), and thus progressing only
slowly.

The distribution of proteus was first studied by
Franc Jozef Hanibal Hochenwart (1771-1844), who
completed Zois’ initiative of foundation of the Carni-
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olan Provincial Museum Ljubljana (Rudophinum).
Hochenwart listed about ten finding sites of proteus in
the Krka and Ljubljanica river basins. These localities
were all revealed through finds of washed-out speci-
mens after floods, except one - the first discovery of
proteus in a cave, proteus’ true habitat. Namely, in
1814, Hochenwart found proteus in Crna jama (Posto-
jna-Planina Cave System, Slovenia), during the visit of
Jozef Jersinovic (1775-1847), later initiator of the mod-
ern cave research and tourism in Postojnska jama, who
at the occasion remembered to first saw proteus there
in 1797 (reported by Hochenwart; cited in CONFIGLIA-
CHI & Ruscont, 1819; HOCHENWART, 1838). In Crna
jama were also collected specimens studied by Con-
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figliachi & Rusconi in Pavia (Fig. 7; CONFIGLIACHI &
Ruscont, 1819).

Hochenwart had also kept protei long-term in his
apartment in Ljubljana since 1797, following Zois, all
together for over 17 years (HOCHENWART, 1838; ALJAN-
CIC, 1984; ALJANCIC, 1997; HUDOKLIN & ALJANCIC,
2017).

Hochenwart’s research of proteus distribution was
continued more systematically by Henrik Freyer
(1802-1866), the first curator of the Ljubljana Museum
(1832-1852). With the support of the Schreibers fellow-
ship, he completed a list of finding sites, which were, at
the time, all limited to Carniola. He regularly invited
the public to help with the gathering of valuable speci-
mens for the collection of the Ljubljana Museum (FRE-
YER, 1846A; FREYER; 1850; ALJANCIC, 1966A). Freyer
visited all sites himself; in the updated list of over 30
sites, he outlined all areas of proteus distribution
known today in Slovenia, with exception of Bela kraji-
na and Kocevsko. He also documented the earliest

finding sites of proteus outside of Carniola, among
them proteus from the spring of Gorucica near Sinj,
Croatia, which was given to the museum in 1846 by
Captain Joseph Appel (FREYER, 1847A).

Freyer was interested in the morphological differ-
ences of proteus between the sites, especially the shape
of the head, the branching of the gills and skin colour.
Based on occasional findings of washed-out proteus
with prominent golden yellow patches on the flooded
Planinsko polje at Laze in 1836 and 1845, Freyer de-
scribed a new species Hypochthon chrysostictus (FRE-
YER, 1846B). The article was accompanied by illustra-
tions from C. F. Schmidt, upon Freyer’s own drawing
(Fig. 8). Probably representing one of the two proteus
which (FREYER, 1846B). Animals on Figs. 8, 9 & 10 are
all individuals of the nominal white proteus, washed-
out onto the Planinsko polje where they were longer
period exposed to sun light hence darkly pigmented
(FREYER, 1842; FREYER, 1846B; ALJANCIC, 1966A;
Boz1¢, 2010), while the prominent golden-yellow skin

Figure 7: Faustino Anderloni, upon preparations of Mauro Rusconi, 1819: Proteus from Crna jama (Configliachi & Rusconi,
1819; Library of the Natural History Museum of Trieste, Italy, with permission; figure rotated 90° CW).
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Figure 8: C. F. Schmidt, upon drawing of Henrik Freyer, 1845/ 1846: A) Hypochthon chrysostictus sp. n., subadult proteus
found on flooded Planinsko polje at Laze, beginning of July 1845; B) head of Hypochthon Laurentii Fitzinger, proteus washed-

out in Rupe near Sticna, 15 July 1845 (Freyer, 1846B; University Library at the Humboldt University of Berlin, Historical Collec-
tion, 2656:12:2:F8).
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Figure 9: Michael Sandler, 1845/ 46: Hypochthon chrysostictus Freyer / H. xanthostictus Fitzinger, from the flooded
Planinsko polje in Bedenj, Laze; appears to be a different individual (watercolour & gouache; FREYER, 1846B; FREYER,

1847B; first published in BoZ1&, 2010; Collection of the National Museum of Slovenia, R-2134, photodocumentation of the
Graphics Cabinet of NMS, with permission).
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Figure 10: Michael Sandler, 1845/ 46: Hypochthon chrysostictus Freyer / H. xanthostictus Fitzinger, from the flooded Planin-
sko polje in Bedenj, Laze; animal depicted with overdeveloped left eye? (watercolour & gouache; Freyer, 1846B; Freyer, 1847B;
first published in Bozic, 2010; Collection of the National Museum of Slovenia, R-2133, photodocumentation of the Graphics

Cabinet of NMS, with permission).

patches got their specific colour due to not yet ex-
plained concentrations of riboflavin (ISTENIC & ZI1G-
LER, 1974; SIMONIC, 2013).

Two precious illustrations of such individuals were
donated to the Ljubljana Museum in 1846 (FREYER,
1847B), but later presumably lost — until they were un-
covered in 2009 by Blazenka Firs in the Graphics Cab-
inet of the National History Museum in Ljubljana, and
described by archaeologist Prof. Dragan Bozi¢ (Bozic,
2010; Figs. 9 & 10), indeed another breathtaking dis-
covery, reminding us that more such invaluable evi-
dence of both history of science, as well as the unique
opportunity to better understand the condition of the
species from pre-industrial times. Both two illustra-
tions were painted by Michael Sandler (1790-1856),
renown natural history illustrator at the Vienna Mu-
seum (Bozi¢, 2010). By regularly sending the speci-
mens and the data on distribution to the Viennese Mu-
seum, Freyer made a significant contribution for the
taxonomic review of proteus, as prepared by Schreib-
ers’ successor Leopold Fitzinger (FITZINGER, 1850).

Here we should briefly mention curator Karel
Dezman (1821-1889), who successfully succeeded
Freyer at the Ljubljana Museum (1852-1889). Although
Dezman’s main scientific focus was not directed on
proteus, he had closely studied proteus literature (Juz-
NIC, 2006; JUZNIC, 2009; but check author’s claims in
primary sources), continued to collect reports on pro-
teus finds, and contributed to public presentations of
proteus (DEZMAN, 1856; DEZMAN, 1862).

Important contribution to the search for proteus
in the almost inaccessible karst underground was
given by many speleologists and cavers from and
around the Classical karst since the middle of the 19th
century onward. Particularly extensive is the contribu-
tion of the Society for Cave Research from Ljubljana
since 1910, growing into numerous caving societies of
the Speleological Association of Slovenia after 1950s
(overview in Novak, 1988), already documented about
13,000 caves in Slovenia (Franjo Drole, pers. comm.,
March 2019). The most difficultly collected was the
data brought by cave divers (overview in MLINAR,
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1993; MLINAR, 1996), hereafter listed in alphabetic
order: Robert Anzi¢, Janko Brajnik, Simon Burja,
Bojan Cvar, Miran Eri¢, Gadper FinZzgar, Saso FinZgar,
Ugo Fonda, Sebastjan Gantar, Arne Hodali¢, Martin
Ileni¢, Uro$ Ili¢, Franc Kljun, Marko Krasovec, Primoz
Krivic, Alan Levinger, Marko Matotek, Matej Mi-
hailovski, Ciril Mlinar-Cic, Samo Morel, Janko
Petkovsek, Anton Praprotnik, Martin Schweiger, Matej
Simoni¢, Boris Sket, Rado Smerdu, Mitja Vezovnik,
Igor Vrhovec, Tomo Vrhovec, Dusan Zwolf, Peter
Zalec, Gregor Aljan¢i¢, and others. Here we should
mention the pioneer contribtion of Ciril Mlinar-Cic &
Marko KraSovec, and Arne Hodali¢ in underwater
filming, photograpy and promotion of proteus
(Aljandic et al., 1993; Mlinar, 1994; Mlinar, 2016).
From the beginning of the 1960s, data on the dis-
tribution of proteus was collected by speleobiologist
Marko Aljanci¢ (1933-2007) of the Tular Cave Labora-
tory (ALJANCIC, 1962; ALJANCIC, 1964A). He discerned
numerous data from the already forgotten 19" century
bibliography, and has carefully collected reports from
locals on the findings of proteus after floods (overview
in ALJANCIC, 1984; SKET, 1997; HUDOKLIN & ALJAN-
¢1¢, 2017). Many information on finding sites and
written sources along the Dinaric karst were sent to
him by speleologist and entomologist Egon Pretner
(1896-1982), Karst Research Institute ZRC SAZU

(hereafter IZRK ZRC SAZU), one of the main experts
in caves and cave animals of the Dinaric karst of his
time (ALJANCIC, 2008; PRETNER, 2016).

Distribution data were also collected at the De-
partment of Biology (Biotechnical Faculty, University
of Ljubljana) by Academician Boris Sket, who pub-
lished a complete list of proteus localities across its en-
tire range (SKET, 1997); his work is continued by Prof.
Peter Trontelj and colleagues.

New localities from the area of Dolenjska and Bela
krajina, were collected particularly by Andrej Hudok-
lin and Mira Ivanovi¢ (Institute of the Republic of Slo-
venia for Nature Conservation; HupoxLIN, 2003; Hu-
DOKLIN, 2012; IvaNoVI¢, 2012), Borivoj Ladisi¢ (Spele-
ological Society of Novo Mesto; LADISIC, 1987), Andrej
Mihevc (IZRK ZRC SAZU; MIHEvVC, 1987), Ciril Mli-
nar-Cic and Marko KraSovec (MLINAR, 1986), Stan-
islav Klepec (KLEPEC, 1981) and Joze Geselj (Bela kra-
jina Speleological Society of Crnomelj), Martin Sch-
weiger and others. From Notranjska by Slavko Polak
(Notranjska Museum Postojna), Andrej Mihevc, Franc
Maleckar, Franjo Drole and Janja Kogovsek (IZRK
ZRC SAZU; HaBIC et al., 1990; KoGovSek, 1989;
DroOLE, 2017) (details in SKET, 1997; HUDOKLIN &
ALJANCIC, 2017); recently new localities are also re-
ported by Tina Kirn (KIrN, 2018) and Matej Blatnik
(IZRK ZRC SAZU).

6 PROTEUS RESEARCH AFTER THE FIRST AND SECOND WORLD WAR

When Ljubljana gain its full University in 1919, the
newly established Zoological Institute started also
with its research on cave fauna, actively from 1924
(SKET, 1993A). The first doctorate of biology was given
in 1924 to the Russian immigrant Vladim Dolivo-Do-
brovolsky (WRABER, 2000), for a dissertation on pro-
teus skull (DoLivo-DOBROVOLSKY, 1926), who later
became an assistant at the Zoological Institute.

Before the World War 11, professors Albin Seliskar
(1886-1973) and Hubert Pehani (1900-1995) studied
the metamorphosis of tailed amphibians at the Insti-
tute of Biology (since 1971 Institute of Human Biology,
and since 1991 Institute of Cell Biology) Faculty of
Medicine, University of Ljubljana, and disputed the
presumptions of Karoline Reis on the metamorphosis
of skin grafts of protus (PEHANI & SELISKAR, 1941;
ALJANCIC, 1996). Seliskar was also one of the pioneers
of cave diving; in 1933 he already dived in the Stirne at
Planinsko polje (ALJANCIC, 1996; MLINAR, 1996).

After the World War II, cave fauna was researched
at the Department of Biology (Biotechnical Faculty,

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

University of Ljubljana) from 1950s (SKET, 1993A;
ALJANCIC, in press), while proteus was more actively
researched from the end of the 1960s, most markedly
the functional morphology of proteus, by the Research
group for comparative anatomy of vertebrates, led by
Prof. Lilijana Isteni¢, with Ale§ Sojar, Boris Bulog, Da-
nilo Musar and associates; particular attention was put
on adaptations of proteus to occasional hypoxic condi-
tions of groundwater and lung breathing, accumula-
tion of riboflavin in skin, and studies of inner ear sen-
sory epithelia and mechanoreceptive lateral line sys-
tem (selected studies: ISTENIC, 1971; ISTENIC & SOJAR,
1974; IsTENIC & ZIGLER, 1974; ISTENIC, 1976; ISTENIC
& BULOG, 1976; ISTENIC, 1979; IsTENIC & BULOG, 1979;
SOJAR, 1980; ISTENIC & BULOG, 1984; BuLOG, 1989A;
BuLrog, 1989B), continued by Prof. Boris Bulog since
1989, with Danilo Musar, Lilijana Bizjak-Mali and
Marjanca Kos, with numerous students and young re-
searchers (Katarina Mihajl-Dobrovoljec, Gregor
Aljanci¢, Petra-Maja Prelovsek, Marjeta Konec, and
others).
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This research group determine proteus adapta-
tions to its cave environment through advanced his-
tological investigations of proteus morphology, such
as the capacities of proteus sensory system (mechano-
and electroreception, undeveloped eyes and pineal
gland; orientation by Earth magnetic compass and
hearing), in collaboration with German physiologist
Prof. Peter A. Schlegel (1941-2008) (BuLoG & SCHLE-
GEL, 2000; SCHLEGEL & BULOG, 1997; SCHLEGEL et al.,
2009), studies of digestive system (particularly slowed
metabolism, adaptation to starvation and storage of
energy) combining with the facility of their cave lab-
oratory (see below), this research group has gathered,
throughout the decades, a fundamental collection of
proteus morphology (overview in BuLog, 1994;
Burog et al., 2000; BurLog, 2004; Burog, 2007; se-
lected studies: Burog, 1990; Burog, 1995; BuLog,
1996A; Bizjak-MAL1 & BuLog, 1996; Kos & BuLog,
1996; Kos & BuLog, 2000; Kos et al., 2001; PRELOV-
SEK & BuLog, 2003; BizjaAk-MAaLl & BuLog, 2004;
PRELOVSEK et al.,, 2008; BizjaAk-MALI et al., 2013).
The research group has also cooperated with Prof.
Kristijan Jezernik, Institute for Biology at Faculty of
Medicine (BULOG & JEZERNIK, 1996; ERDANI-KREFT,
1996), Prof. Gorazd Avgustin, Department of Animal
Science, Biotechnical Faculty (AMBROZIC-AVGUSTIN
et al., 2009), and others. Lili Isteni¢, but in particular
Boris Bulog and his colleagues introduced environ-
mental research on accumulation of pollutants in
proteus tissues, and the monitoring of pollution at
selected proteus localities, focused on the threatened
black proteus (DREMELJ et al., 1985; BuLog, 1996B;
BuLog et al., 2002; DoBrovoLjc et al., 2003; PEzZDIRC
et al., 2011; overview in BuLOG, 2007; BiZzJAK-MALI &
Burog, 2016), with several studies in co-operation
with the Department of Environmental Sciences at
the Jozef Stefan Institute.

Since 2015, the programme is continued by Prof.
Rok Kostanjsek with Assist. Prof. Lilijana Bizjak-Mali
and associates. Since 2009, Bizjak-Mali is also focused
on proteus reproductive biology (morphology of sexu-
al organs in correlation with seasonality and animal
size; cytogenetics of sexual chromosomes, currently in
collaboration with Prof. Stanley K. Sessions; B1zjak-
-Mavr1 & BuLog, 2010; Sessions et al., 2016; Bizjak-
-MaL1, 2017); cultivation of proteus blood cells, and
development of non-invasive methods to asses proteus
physiological condition by monitor its hematological
parameters, with young researcher Tajda Gredar (GRE-
DAR & Bizjak-MALIL, 2017; GREDAR et al., 2018). Rok
Kostanjsek with associates study skin bacteriome of
proteus, and the interaction of proteus with parasites
and microorganisms (KosTANJSEK et al.,, 2017, Ko-

STANJSEK et al., 2019). The special emphasis of the lat-
ter is given to determination of potential pathogens in
free-living and captive proteus individuals (Bizjax-
-MALI et al., 2018), which are studied in collaboration
with Prof. Nina Gunde-Cimerman. She and Kostanjsek,
recently initiated proteus genome project, in collabora-
tion with the Lars Bolund Institute for Regenerative
Medicine, China, and University of Aarhus, Denmark,
and a significant progress in research of proteus is ex-
pected from its outcomes.

In the Laboratory for Speleobiology at the Depart-
ment of Biology, the biodiversity of subterranean habi-
tats is studied mainly through taxonomy, evolution
and biogeography. Academician Boris Sket, for many
decades head of this group, has gathered a complete list
of proteus localities across the Dinaric karst; he ex-
plained the pattern of proteus distribution as a conse-
quence of paleogeographic development of the Dinaric
karst, and corroborated his findings with the pattern
of today’s distribution of other cave species (SKET,
1997; SKET, 2012).

All were surprised by the discovery of an unusual
dark-pigmented proteus in Bela Krajina (south-eastern
Slovenia): first specimen known to the science was
found in 1986 at the spring of Doblicica by karstologist
Andrej Mihevce from the Karst Research Institute at
the Scientific Research Centre of the Slovenian Acad-
emy of Sciences and Arts (ALJANCIC et al.,, 1986; M1-
HEVC, 1987; SKET, 2017; ALJANCIC, 2017). In 1994, Boris
Sket together with Dutch herpetologist Jan Willem
Arntzen (Naturalis Biodiversity Center) taxonomically
describes this extraordinary proteus population as
Proteus anguinus parkelj (SKET & ARNTZEN, 1994; see
also SKET, 1993B; ARNTZEN & SKET, 1996; ARNTZEN &
SKET, 1997; SKET, 2007; SKET, 2017; hereafter: the black
proteus).

Peter Trontelj and associates continued with study
of proteus phylogeny. With Spela Goricki and Samo
Sturm they demonstrated the sister relation between
Proteus and the North American genus Necturus using
molecular phylogenetic methods (TRONTEL] & GORIC-
KI, 2003), showed the molecular evolution of proteus
by identifying several independent genetic lineages of
proteus (GOrICKI & TRONTELJ, 2006; GORICKI, 2012)
and cryptic speciation along the Dinaric karst (TRON-
TELJ et al., 2009), and estimated a timescale of proteus
evolution using molecular clock (TRONTELJ et al,
2007). Jure Jugovic and associates studied the preda-
tor-prey interactions (Jugovic et al., 2010). Recently,
Peter Trontelj and Valerija Zaksek have focused on
proteus nuclear DNA, confirming that the taxon is
deeply subdivided into 6 to 9 mitochondrial DNA line-
ages (TRONTEL] & ZAKSEK, 2017). They are determin-

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

53



54

‘ GREGOR ALJANCIC: HISTORY OF RESEARCH ON PROTEUS ANGUINUS LAURENTTI 1768 IN SLOVENIA

ing the conservation genetics of proteus populations
(ZAKSEK et al.,, 2017), developing genetic and non-ge-
netic monitoring methods to estimate the size and
state of selected proteus populations, with Ziga Fiser,
Teo Delié, and associates (TRONTEL] & ZAKSEK, 2016;
F1SER et al., 2017).

Interesting pilot research at the Department of bi-
ology to be mentioned here, was an electrophysiologi-
cal investigation of proteus reduced eye, performed by
physiologists Academician Matija Gogala, Prof. Stefan
Michieli (1933-1968) and Borut Zener (1935-1974)
(GOGALA et al., 1969; ZENER, 1973).

7 CAVE LABORATORIES IN SLOVENIA

In research of proteus in Slovenia, special attention
was given to the idea of using a cave as a laboratory.
One of the earliest of such kind, with proteus from the
Postojna-Planina Cave System, arranged by Armand
Vire, one of the pioneers of modern speleobiology - in
the catacombs of Paris, flooded by Sienna in 1910.

The earliest plans of a cave museum in Postojna
came from the Cave commission in 1904, in following
years thoroughly elaborated by speleologist Ivan A.
Perko (1876-1941), who by 1911 raised a considerable
fund, foreseeing a future Cave Research Institute
(PERKO, 1911). This would be the first karstological in-
stitute in the world, but the pioneer ideas were over-
taken by the World War I (SHAw, 2010). However, the
first cave laboratory actually built in Slovenia was ac-
tive in the cave Podpeska jama (south Slovenia) be-
tween 1928 and 1931, arranged by professors Roman
Kenk and Albin Seliskar at the Zoological Institute of
the University of Ljubljana (KENK & SELISKAR, 1931).
In 1930, after establishing the Karst institute in Posto-
jna in 1929, Perko has finally completed his vision by
building a modern Biospeleogical Station in Postojns-
ka jama (DubicH, 1933). Albin Seliskar (Institute of
Physiology at the Faculty of Medicine) started the ren-
ovation of the station in 1951 under the custody of the
Slovenian Academy of Sciences and Arts, and re-
mained in charge until 1960, when he was forced to
close the laboratory due to insufficient support (ALJAN-
CIC, 1996).

Marko Aljancic started to develop his interests as a
keen student at the Gimansium in Kranj, where he
founded school’s Natural history circle (1946), gain
first laboratory and fieldwork experience, and got his
first opportunity to observe proteus behaviour in
school tank (ALjANCIC, 2008; GoGaLA and FURLAN,
2013; ALJANCIC, 2015). Aljanci¢ elaborated his plans
for a cave laboratory in his graduation thesis, arranged
upon the Subterranean Laboratory in Moulis (ALJAN-
C1C, 1960). With the support of Prof. Hubert Pehani,
and the Town of Kranj, Aljanci¢ set up a biospeleologi-
cal laboratory in the Tular Cave in Kranj as a part of
the Institute of Biology (Faculty of Medicine, Univer-
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sity of Ljubljana) (ALJANCIC, 1961; VANDEL, 1964), in
order to facilitate long-term ecological and behavioural
studies on proteus (ALJANCIC, 1961; ALJANCIC, 2008;
ALJANCIC, 2015).

At the Institute of Biology, Marko Aljanci¢ was fo-
cused mainly on morphology and physiology of pro-
teus (e.g., erythrocyte ultrastructure, limb regenera-
tion, skin pigmentation, stimulation of metamorpho-
sis; selected studies: ALJANCIC, 1963; ALJANCIC & SKET,
1964; ALJANCIC, 1974), while at the Tular Cave Labora-
tory he studied proteus mainly by observation of its
behaviour (ALJANCIC, 1964B). He was especially inter-
ested in ecology and behaviour of proteus, involved in
the national project Ecology of cave animals (Prof.
Janez Matjasic). In his pioneering comparison of phys-
ical-chemical parameters of groundwater ecotope in
selected proteus localities (1962-1965), in collabora-
tion with chemist Prof. Ladislav Guzelj, Marko Aljanci¢
compared ecological conditions in selected proteus lo-
calities, but the study also alerted on high pollution of
proteus habitat in the Kocevsko region (central south
Slovenia) (ALJANCIC, 1969), where, most regretfully
later proteus has locally gone extinct (SKET, 1997; Hu-
DOKLIN, 2011). Findings from the nature helped in
searching for adequate conditions for long-term main-
tenance of proteus in captivity, which were largely un-
known at the time, mainly with regard to feeding, pro-
viding a semi-natural habitat and developing animal-
friendly observation methods. After reorganization of
the Biological Institute into the Institute of Human
Biology, the Tular Cave Laboratory after 1976 contin-
ued its programme independently on the initiative and
with dedication of both Marko and Marija Aljancic,
biologist, active in the laboratory since 1965. After
2002, the laboratory operates under the custody of the
Society for Cave Biology.

Since 2007, their son, Gregor Aljanci¢ continues
the work at the Tular Cave Laboratory, mainly by re-
searching the distribution of proteus (GorI¢KkI et al.,
2017; HUDOKLIN & ALJANCIC, 2017), its reproductive
behaviour (ALJANCIC & ALJANCIC, 1998), adaptation to
cave environment, e.g., proteus potential detection of
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floods, with Mitja Prelovsek (ALjANCIC & PRELOVSEK,
2010); cave-related adaptations of the skull, with Ana
Ivanovi¢ (Institute for Zoology, Faculty of Biology,
University of Belgrade) and Jan W. Arntzen (Naturalis
Biodiversity Center) (IvaNoviIC et al., 2013); interac-
tions between predator and prey, with Jure Jugovic (Ju-
Govic et al., 2010). He continues with long-term obser-
vations on proteus at Tular with Magdalena Naparus-
Aljancic¢ (e.g., space use, reproduction and feeding be-
haviour, locomotion, longevity, etc; Aljanci¢ &
Naparus, 2009).

In nature, their studies on proteus are conserva-
tion-oriented. Gregor Aljan¢i¢c and Magdalena
Néparus-Aljanci¢ developed new conservation tools of
monitoring proteus presence by detecting its environ-
mental DNA along the Dinaric karst, with key experts
Spela Goricki and David Stankovi¢, and partners Prof.
Matjaz Kuntner (Jovan Hadzi Institute of Biology ZRC
SAZU), Ales Snoj and Prof. Peter Dov¢ (Department of
Animal Science, Biotechnical Faculty, University of
Ljubljana), Prof. William R. Jeffery (Department of Bi-
ology, University of Maryland, USA), Prof. Alberto Pal-
lavicini (Department of Life Sciences, University of Tri-
este, Italy), Milos Pavicevi¢ (Biospeleological Society of
Montenegro, Montenegro), Jasminko Mulaomerovi¢
(Centre for Karst and Speleology, Bosnia and Herzego-
vina) and associates, revealing the presence of proteus
environmental DNA at the edge of its range in Monte-
negro, and surveying the narrow area of actual distri-
bution of the black proteus, and its contact with the
white population in Bela krajina, Slovenia (ALJANCIC et
al., 2014; PEnNisI, 2016; STaANkOVIC et al., 2016; GORIC-
KI et al.,, 2016; GORICKI et al., 2017). Since 2017, Spela
Goricki is continuing at the Scriptorium biologorum -
Bioloska pisarna d. o. 0., developing eDNA methods for
monitoring stygobiotic species (GORICKI et al., 2018).

Starting in 1964, the laboratory studies the phe-
nomenon of proteus being occasionally washed out
from its subterranean habitat during seasonal flood-
ing. The Sanctuary for proteus was set up in 2008, with
a regular veterinarian care provided for injured pro-
teus in collaboration with veterinarian Zlatko Golob
since 2013 (ALJANCIC et al., 2016). Both, the Sanctuary
and the Laboratory operate under strict quarantine,
with regular pathogene monitoring (ranaviruses, Bsal,
Bd) analyzed at the Department of Biology.

The Tular Cave Laboratory is focused on conser-
vation of the most rare and endangered populations of
proteus, such as the black proteus and the Sti¢na popu-
lation of the white proteus, e.g., monitoring of distri-

bution and GIS analysis of pollution of its groundwater
habitat (NAPARUS-ALJANCIC et al., 2017). Since 2017,
Tular Cave Laboratory is partner of the national con-
sortium the European eScience Infrastructure of bio-
diversity and Ecosystem research LifeWatch-ERIC.

An important part of the laboratory’s activity is
dedicated to raising awareness on the vulnerability of
proteus and groundwater in countries along the Di-
naric karst, addressing both the public as well as the
research and nature conservation organisations
(NAPARUS-ALJANCIC et al., 2018), in the network of the
biennial International meeting SOS Proteus (ALJANCIC
etal., 2016; ALJANCIC et al., 2017; ALJANCIC et al., 2018).

At the Department of Biology in Ljubljana, proteus
was maintained in the basement at the Faculty of Arts
from the early 1960s until 1993. For the purpose of
educating school children, protei were kept in the Vi-
varium (Borut Zener, Emerik Mezgolits, Rudi Ocepek
and Dus$an Vrscaj), while for the research proteus was
maintained in a nearby room (France Velkovrh, Lili
Isteni¢, Boris Sket, Milan Velikonja and associates),
later Istenic arranged a special refrigerated dark cham-
ber. For several years, Prof. Tine Valentin¢i¢ has uti-
lized the vivarium for practical exercises in behaviour
of proteus for students of biology (Emerik Mezgolits &
Rudi Ocepek, pers. comm. November 2017; Lilijana
Bizjak-Mali, per. comm. February 2019; Boris Sket,
per. comm. March 2019; Janko Bozi¢, per. comm.
March 2019).

At the end of October 1986, Lili Isteni¢, Boris Sket,
Boris Bulog, Tine Valentinc¢i¢, Matija Gogala, Andrej
Miheve, Marko Aljanci¢ and associates had here the
opportunity to observe the very first individual of the
black proteus (ALJANCIC et al., 1986; ISTENIC, 1987;
MiHEvVC, 1987), almost as surprised as Scopoli and
Waulfen 220 years before when looking at the white
proteus. Later, in the new laboratory, laying of eggs of
the black proteus was recorded by Boris Bulog. Beside
both subspecies of proteus, laboratory occasionally
maintained several invertebrate cave species (Boris
Sket, per. comm. 22 March 2019).

When Department of Biology was moved to the
new building in 1993, a modern cave laboratory was
arranged in a climate-controlled room upon plans of
Boris Bulog and Boris Sket. A cave laboratory is now
used by both, the Research group for comparative
anatomy of vertebrates, and the Laboratory for Speleo-
biology, mainly in studies of Lilijana Bizjak-Mali, Rok
Kostanjsek, Cene Fiser, Katja Zdesar-Kotnik and asso-
ciates).
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8 RESEARCH ON PROTEUS REPRODUCTION

More than its eyelessness and subterranean life, the re-
searchers and the public had been giving special atten-
tion to the mysterious proteus reproduction since the
very beginning (ALJANCIC et al, 1993; ALjaNCIC &
ALJANCIC, 1998), probably deriving already from the
initial Linnaean search for an undoubted proof of speci-
mens maturity. Zois, Hochenwart and Freyer had been
searching in vain for females with eggs or embryos, and
Schreibers has offered a reward of 25 Guldens (HOCHEN-
WART, 1839; FREYER, 1846A; GROSELJ, 1933 ALJANCIC &
ALJANCIC, 1998; SKET, 2007). The animals described in
the following cases of reproduction derive from Slove-
nia, almost exclusively from the Postojna-Planina Cave
System, where they were most easily accessible.

In absence of evidence, the question, whether pro-
teus is oviparous or viviparous was stirred up the pro-
tocol of Ljubljana naturalist Joseph H. Stratil, wherein
Janez Kek, municipal judge and local of Vir near
Sti¢na, witnessed in detail the viviparity of proteus,
which he observed in a bottle filled with water, be-
tween 17 and 20 June 1825 (MICHAHELLES, 1831). A
supposed case of viviparity in Postojnska jama was re-
ported by the newspaper Novice on 26 February 1862,
but the Viennese comparative anatomist Joseph Hyrtl
(1810-1894) showed it was only a worm, and the pro-
teus - a male specimen (DEZMAN, 1862; ALJANCIC et
al., 1993; ALJANCIC, 1994). Eighty years later, just be-
fore the World War I, impetus to the hypothesis of
viviparity was given again by the influential, but later
discredited Viennese experimental biologist Paul
Kammerer (KAMMERER, 1907; KAMMERER 1912; VAN
ALPHEN & ARNTEN, 2016), and another case of vivi-
parity was also reported by Polish zoologist Jozef Nus-
baum (NusBAUM, 1907).

The first confirmation of oviparity came from the
Postojnska jama in 1875. Beginning of May 1875, one
of the animals has laid 56 eggs in a bucket that was
prepared to be shown to the visitors by the cave guide
Prelesnik; however, the eggs have all decayed (ScHUL-
ZE, 1876). Soon thereafter, animals from the Postojna-
Planina Cave System laying of eggs in captivity was
observed by German researcher Marie von Chauvin in
1882, and finally Ernst Zeller succeeded in growing
larvae from eggs in 1886 (voN CHAUVIN, 1883; ZELLER,
1888; ALJANCIC & ALJANCIC, 1998; SKET, 2007).

The eggs of proteus were not recorded until 1958,
when Prof. Albert Vandel and Michel Bouillon first
succeeded with breeding of proteus at the Moulis Un-
derground Laboratory (today Experimental Ecology
Station of the CNRS at Moulis; VANDEL & BOUILLON,
1959; VANDEL, 1965). In 1962 proteus reproduction was
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described in detail by Wolfgang Briegleb, who bred the
animals for some years in the basement of the Zoo-
logical Institute in Munich, Germany (VANDEL & Bo-
UILLON, 1959; BRIEGLEB, 1962; ALJANCIC & ALJANCIC,
1998; SKET, 2007).

At the Tular Cave Laboratory Marko and Gregor
Aljanci¢ recorded the first young proteus in 1991, lay-
ing of eggs in 1993, and successful ex situ reproduction
of the white proteus is monitored since 1998 (ALJANCIC
& ALJANCIC, 1998; CULVER & PipAN, 2009; ALJANCIC,
2008; GROSSE et al., 2018). The endangered black pro-
teus is maintained in Tular since 2002, though other
that egg laying was not recorded.

In the touristic Postojnska jama, proteus was on
public display through the 19 century on (SHaw, 2005;
SHAw & CUK, 2015), maintained by cave guides. In 2001,
speleobiologist Slavko Polak (Notranjska Museum Pos-
tojna) became the first curator of proteus showed in this
touristic cave. He introduced husbandry standards of
the Tular Cave Laboratory in 2002, rebuilt the formal
Biospeleological Station for public display and con-
structed a new tourist aquarium in 2010, with Ksenija
Dvorscak (Postojnska jama) and associates (ALJANCIC,
2008; DVORSCAK, 2011). In 2013, after almost 140 years,
and due to improved conditions of captivity, Polak has
been observing first egg laying in the tourist aquarium
of Postojnska jama, in collaboration with Gregor
Aljanci¢. However, eggs were eaten or damaged by other
adults in the aquarium. The first larvae were success-
fully hatched there from the eggs in 2016, reared by
Primoz Gnezda, Saso Weldt and Katja Dolenc-Batagelj
(Postojnska jama), in cooperation with Lilijana Bizjak-
Mali and Stanley K. Sessions (B1zjaAk-MALI et al., 2017).

Proteus from Postojna-Planina Cave System are
also maintained in a touristic cave Hermannshohle in
Harz, Germany since 1931, documenting laying of eggs
since 2016 (IPSEN et al., 2017; GROSSE et al., 2018).

In the late 1950s and early 1960s German biologist
Wolfgang Briegleb (1928-2006) built the fundaments of
modern ecology of proteus, studying the species in the
Postojna-Planina Cave System and captive facility ar-
ranged in the basement of the Zoological Institute in
Munich, Germany, for his doctorial thesis (BRIEGLEB,
1962; ALJANCIC, 1963; ALJANCIC, 2008). Extensive field-
work in the Postojna-Planina Cave System was carried
out together with biologist and hydrologist France Hrib-
ar (1915-1999) of IZRK ZRC SAZU (BRIEGLEB, 1963).

The actual proof, that proteus lays eggs in nature,
was shown by B. Sket and F. Velkovrh in 1976. They
caught two eggs with well-developed embryos, washed-
out by high groundwater at the Virski studenec (SKET
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& VELKOVRH, 1978). Sket later found a late embryo/
hatchling of the black proteus being washed-out at the
springs in JelSevnik (south-eastern Slovenia) under
similar conditions (SKET & ARNTZEN, 1994).
Academician Jovan Hadzi (1884-1972) had left an
influential mark on proteus research in the period be-
fore, and especially after the World War II, mostly by
directing Dbiospeleological research (HapZzi, 1965;
ALJANCIC, 1996). His expert opinion was supporting

the nature conservation permit for acquisition of the
protected species from nature, which were mostly per-
formed in the Postojna-Planina Cave System, as in case
of the Underground Laboratory CNRS in Moulis
(France) from 1952, as well as specimens for the Tular
Cave Laboratory from 1960 (ALjaNCIC, 2008), while
the 2" acquisition of proteus to the touristic cave Her-
mannshohle (Germany) in 1956 was unlawful (IPSEN &
KNOLLE, 2017).

9 PROTEUS IN SLOVENE NATURAL HISTORY TERMINOLOGY

We should here briefly mention an important contri-
bution of proteus research to the development of Slo-
vene natural history terminology in the 19" century, a
subject not well studied (ALjANCIC, 1995).

The Slovenian vernacular name cloveska ribica
[human fish] was documented in the area of Sti¢na
(Zo1s, 1807; FREYER, 1842), perhaps though it was al-
ready the most common of all local synonyms, of
which only a few were written down by Zois and Frey-
er, before this linguistic diversity was lost forever. Nev-
ertheless, through the first half of the 19" century ¢lo-
veska ribica replaced other synonyms (i.e./ literally
translated in English/ bela riba [white fish], bela kacica
[white snake, diminutive form]; Zois, 1807; FREYER,
1850; review in ALJANCIC, 1989; TRONTELJ et al., 2017),
and was probably translated in other Slavic languages
(ALJANCIC, 1989).

During the period when Henrik Freyer was cura-
tor of Ljubljana Museum (1832-1852) (ALjANCIC,
1966A), Slovene natural history terminology started to
developed more rapidly, following the progress of
modern science, and the growing public attention,
often raised through promotion of nature wonders of
Carniola and cave tourism in Postojna (ALJANCIC et
al., 1993; Suaw & CUK, 2015). Not to be misunderstood
when naming species of Slovenian flora and fauna,
Freyer also searched for their exact common Slovene
names and collected synonyms in the first list of am-
phibians of Carniola (FREYER, 1842), following the pi-
oneer work of Ziga Zois (JANCAR, 1999). He also coined
Slovene binomial scientific name for proteus, the Te-
mnotna mocerila (FREYER, 1842; FREYER, 1849),
through following years perhaps testing derivatives,
such as the Mocarilec (FREYER, 1850), to find the prop-
er name accepted by public. Freyer’s name is still use
today, like the Olm, invention of famous German natu-
ralist Lorenz Oken (FREYER, 1846A; ALJANCIC, 1989),
reused from the Thuringian vernacular name for newt
[Molch] (TRONTELJ et al., 2017).

Freyer is also author of the first description of pro-
teus in Slovene language (FREYER, 1850), which is also
one of the earliest Slovene natural history articles. The
manuscript for this article was described and pub-
lished by Marko Aljanci¢, although at the time he was
not aware that the final version of Freyer’s manuscript
was indeed published (ALjANCIC, 1966B). Freyer was
preparing the manuscript for a popular science article
in a very natural history orientated Slovene language
textbook, based on his public lectures, largely relying
on data from his Museum report for the year 1845 (FRE-
YER, 1846A). This article keeps its high scientific value
and rich data, largely based on Freyer’s own observa-
tions (e.g., distribution of proteus, general biology and
history of research).

However, the first article on proteus in Slovene
language, together with an accurate drawing by A. Jur-
man, was published a year earlier, on 28 June 1849, in
the first Slovene youth newspaper Vedez (published be-
tween 1848-1850) (ANON., 1849) (Fig. 11). The article is
unsigned, much shorter, but the author seems to be
well informed on the subject, although the text con-
tains small mistakes. Perhaps intestinally naive for the
school readers, the article contains interesting histori-
cal details of a vivid nature history community in Lju-
bljana (compare HOCHENWART, 1838).

This short review of early authors is complete with
the most popular Slovene natural history writer of the
19t century, naturalist Fran Erjavec (1834-1887), with
short article on proteus included in his influential
book on animals (ERJAVEC, 1864; ALJANCIC, 1995;
DULAR, 1995).

The Natural History Society of Slovenia, which
formally arose from the Museum Society of Carniola
(founded by Hochenwart and co-members in 1839),
have popularise research of proteus and its conserva-
tion generations for 180 years, particularly influential-
ly after the World War 1. Since 1933, the society pub-
lishes the Proteus, Slovenia’s oldest natural history
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Figure 11: A. Jurman, 1849: Illustration of proteus in the Vedez, first Slovene youth newspaper, with unrealistic nostrils, perhaps
to attract young reader (lithographic print by K. Egercin; Anon, 1849). Assembled from two incomplete copies at the Slovene
National and Study Library in Trieste, and the University Library Maribor (left and right edge), with permission.
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magazine. With its name, the first issue of the maga-
zine lined its mission in the often reprinted article
“How proteus was discovered?” written by the initiator
and first editor Prof. Pavel Groselj (1883-1940) (Gro-
$ELJ, 1933). In 80 volumes, which had a fundamental
impact on the development of modern Slovene natural
history terminology and writing, the magazine pub-
lished about 50 articles concerning proteus.

Another fruitful promoter is the Speleological As-
sociation of Slovenia, with over 40 articles on proteus
in its journal Nase jame [Our Caves], published be-

tween 1959 and 2008, for many years edited by Marko
Aljancic (1977-1999) (ALjANCIC, 2008). Since 2008, the
Association publishes its new magazine Jamar [Caver].

On proteus was discussed in about 20 scientific pa-
pers published in the journal Acta carsologica (Karst
Research Institute ZRC SAZU) since 1955. Since 2016,
the journal Natura Sloveniae (Biotechnical Faculty,
University of Ljubljana and National Institute of Biol-
ogy) published presentations from the first three Inter-
national meetings SOS Proteus (ALJANCIC et al., 2018),
already 32 short scientific communications on proteus.

10 BEGINNINGS OF PROTEUS CONSERVATION

In the 19" century proteus quickly became threatened
by excessive collection, focused mostly on a few of the
easily accessible caves of the Postojna-Planina Cave
System. Much before his time, F. Hochenwart had ex-
pressed his concern for the growing vandalism already
in 1838. He estimated that in the period between 1800—
1838, particularly from the cave Crna jama, over 4,000
specimens were caught (HOCHENWART, 1838; ALJAN-
CI1C, 1997; SKET, 2007), sent to the collections all over
the world or sold as souvenirs to the visitors of the Pos-
tojnska jama (ALJANCIC, 1997; SHAW, 1999; DVORSCAK,
2011). The famous cave explorer of the Classical karst,
Chech speleologist Adolf Schmidl (1802-1863), had
collected 500 specimens on 24 August, 1850, soon after
discovering this untouched proteus population in the
Pivka branch of the Planinska jama, and sent them all
to Vienna, where the four survived specimens were
presentated at the Academy of Sciences in Vienna
(Scumipi, 1850). In vivo, Proteus was often presented
in Ljubljana, Trieste and Vienna, and it was occasion-
ally exhibited worldwide (Zois, 1807; HOCHENWART,
1838; ScHMIDL, 1850; ALJANCIC et al., 1993; overview
in SHAW, 2005), where only few animals survived for
longer periods in inadequate conditions. A proteus
brought in 1861, after 17 days of travel from Postojna to
London, by Scottish geologist Hugh Falconer, appear
to have more luck. The next day he offered it to his
friend Charles Darwin, who was - like Lamarck before
him - puzzled by proteus eyelessness (Darwin, 1859;
Culver & Pipan, 2009). Darwin was probably well
aware of the delicate care needed to keep it at home, so
he rather kindly suggested letting proteus to the Lon-
don Zoo, where indeed Falconer’s gift was recorded on
27 June 1861 (SHAW, 1999; SHAW, 2008).

After developing into an international karst tour-
ist attraction during the 19" century, the Postojna
Cave promoted proteus as its most famous attraction

(e.g., specimens exhibited at the World Exhibition in
1863 and 1873; SHAw, 2005). In the second half of the
19 century, proteus has become so rare in the Postoj-
na-Planina Cave System, that even the guides of Posto-
jnska jama had difficulties to purchase proteus for
tourist display, while proteus became rare also in other
caves of Carniola (SCcHULZE, 1876). The high attention
of the public not only encouraged poaching but also
attracted researches, and Postojnska jama became an
attraction for science as well (ALJANCIC et al., 1993;
SHAW, 1999; SHAwW, 2008; DVORSCAK, 2011; SHAW &
Cuxk, 2015; Lucié, 2018). Nature conservation aware-
ness, raised in public prior its time by F. J. Hochenwart
(HOCHENWART, 1838; ALJANCIC, 1997; SKET, 2007), has
only gradually developed. First ideas to legally protect
cave fauna and caves in Slovenia arose in the years be-
fore the World War I at the Museum Society of Carni-
ola. The programme was partially achieved in 1921
with the legal protection of caves (PETERLIN, 1995),
though nominally proteus is protected in Slovenia
since 1951.

Excessive collection of proteus has ceased after the
World War I, but a new, more serious threat has al-
ready appeared - the pollution of groundwater in Slo-
venia. Negative anthropogenic influences derive
mainly from intensive agriculture, which is not adjust-
ed to the vulnerable karst landscape, and from non-
regulated urbanisation and industry (ALjancic, 1969;
SKET B., 1972; BuLog, 2007; HupOoKLIN, 2011; ALJAN-
CIC et al., 2014; ALJANCIC & ALJANCIC, 2015; MEZGA et
al., 2016; Korbis, 2016; GOSTINCAR, 2016; TICAR & RiI-
BEIRO, 2017; KOLAR, 2018). Dolenjska and Bela krajina
are the most vulnerable areas (BuLog et al., 2002; Hu-
DOKLIN, 2016; BizjaAk-MALI & BuLog, 2016; PRELOV-
SEK, 2016; ALJANCIC, 2017; RIBEIRO & TICAR, 2017;
NAPARUS-ALJANCIC et al,, 2017), and in several caves
proteus have already disappeared (SKET, 1997).
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11 CONCLUSION

The research on proteus is one of the oldest natural his-
tory projects in Slovenia, 330 years of spiritual bond,
outlined by Valvasor’s pioneer studies of karst and first
mentioning of proteus (Andrej Mihevc, pers. comm.,
ALJANCIC, 2008). With contributions of the early natu-
ralists, and raised public attention, proteus gradually
became not only an important symbol of Slovenia’s
karst nature, but also a part of its cultural heritage
(ALJANCIC et al., 1993), which is reflected in diversity
and persistence of proteus research in Slovenia. Proteus
also became a myth, often presented as a dweller of the
untouched karst underground. However, the reality of
the growing negative pressure in karst landscape has
long gave a strong motive - to proteus researchers as
well as people living in the karst landscape - we need to
continue studying proteus, in order to preserve the vul-
nerable karst ecosystems for the future.

This overview of proteus research in Slovenia,
however brief and incomplete, relies particularly on
the historical reviews offered by Ziga Zois, Franc J.
Hochenwart, Henrik Freyer, Pavel Groselj, Marko
Aljanci¢, Darinka Soban, Boris Sket, Trevor Shaw,
and others. Particularly Marko Aljanci¢ devoted
himself to studying and illuminating the history of
proteus research, with emphasis on the contributions
given by Valvasor, Scopoli, Zois, Schreibers, Hochen-
wart, Freyer, Seliskar and others. His popular science
articles and exhibitions are one of the most fruitful
contributions to the promotion of proteus as a sym-
bol of vulnerable karst nature in his homeland and
worldwide (SKET, 2007; ALJANCIC, 2008; GoGALA and
FURLAN, 2013).
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PHYTOSOCIOLOGICAL DESCRIPTION OF FAGUS SYLVATICA
FORESTS IN THE RASA VALLEY (SW SLOVENIA)

FITOCENOLOSKI OPIS BUKOVIH GOZDOV V DOLINI RASE
(JUGOZAHODNA SLOVENIJA)

Igor DAKSKOBLER'

ABSTRACT
Phytosociological description of Fagus sylvatica forests in
the Rasa Valley (SW Slovenia)

The paper discusses and supplements the knowledge of
the phytosociological composition of Fagus sylvatica forests
in the Rasa Valley, on the northeastern edge of the Karst, or
more specifically, in the area between the plateau of Vrhe,
the Senozece lowland and the Karst. They are classified into
two associations, Seslerio autumnalis-Fagetum and Hacque-
tio-Fagetum. A new subassociation (-lamietosum orvalae)
and a new geographical subvariant (subvar. geogr. Hellebo-
rus istriacus) were determined for the association Hacque-
tio-Fagetum. Although they occupy small areas these beech
forests are an important part of the predominantly oak and
hop hornbeam forest vegetation of the Karst, constituting a
Natura 2000 habitat type Illyrian Fagus sylvatica forests
(Aremonio-Fagion). They are threatened by climate change
and excessive logging.

Key words: phytosociology, synsystematics, Aremonio-
-Fagion, Hacquetio-Fagetum, Rasa, Kras, Slovenia

http://dx.doi.org/10.3986/fbg0051

IZVLECEK
Fitocenoloski opis bukovih gozdov v dolini Rase (jugoza-
hodna Slovenija)

Dopolnili smo vednost o fitocenoloski sestavi bukovih
gozdov v dolini RaSe, na severovzhodnem robu Krasa,
natan¢neje med planoto Vrhe, Senozeskim podoljem in Kra-
som. Uvrs¢amo jih v dve asociaciji, Seslerio autumnalis-Fa-
getum in Hacquetio-Fagetum. Za slednjo smo ugotovili novo
subasociacijo (-lamietosum orvalae) in novo geografsko sub-
varianto (subvar. geogr. Helleborus istriacus). Kljub majh-
nim povr$inam so ti bukovi gozdovi v zdajsnji prevladujoci
hrastovi in ¢rnogabrovi gozdni vegetaciji Krasa pomembni,
saj sodijo v Natura 2000 habitatni tip Ilirski bukovi gozdovi
(Aremonio-Fagion). Ogrozajo jih podnebne spremembe in
premocne secnje.

Kljucne besede: fitocenologija, sinsistematika, Aremo-
nio-Fagion, Hacquetio-Fagetum, Rasa, Kras, Slovenija
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1 INTRODUCTION

The source of the Rasa River is in the area of Osarsko, in
the flysch hills that separate the Upper Vipava Valley and
the Senozece lowland (Senozesko podolje) (RADINJA
1972). After its headwaters converge it leaves the flysch
area and is joined a little more than a kilometre later by
the Loc¢nik creek on the left; the creek begins at Dolenja
Vas near Senozece and is considered by some to be the
beginning of the Rasa River. In the Cretaceous limestone
of the Karst the river had carved a gorge oriented NE-SW.
Under the benchmark (survey point) at 612 m the river
turns towards northwest and continues its course across
the geological fault line. The valley slightly widens only
after the confluence with the Griski Potok creek. The
slopes on both sides of the gorge are steep, stony and, ex-
cept for screes and rocks, overgrown with forest. The
slopes above the left bank belong to the Karst and the
slopes above the right bank to the Vrhe Plateau, to which
belong also the slopes of the Griski Potok creek, the first
larger right tributary of the Rasa. Beech occurs in a major

part of the Rasa Valley (Figure 1), but more contiguous
stands are preserved only in the upper and partly in the
central part of the valley, extending to the confluence
with the Griski Potok creek and the shady slopes of this
creek. Thedominantbeech forest communityin Raga, the
association Seslerio autumnalis-Fagetum, had been de-
scribed some time ago (DAKSKOBLER 1997) when we dis-
cussed also more mesophilous beech stands that suppos-
edly belong to two other associations (Hacquetio-Fage-
tum, Lamio orvalae-Fagetum) and whose stands were ob-
served onlyin smaller areasin the upper part of the valley.

With further phytosociological studies conducted
in 2012-2017 we wanted to determine:

Into how many associations can beech forests in
the Rasa Valley be classified?

How similar are mesophilous beech forests in the
Rasa Valley to the submontane and montane mesophil-
ous beech forests on limestone parent material else-
where in southwestern Slovenia?

2 METHODS

Forests in the Rasa Valley were recorded applying the
Central-European method (BRAUN-BLANQUET 1964). A
total of 34 phytosociological relevés in which beech was
either the dominant species in the tree layer or held an
important percentage there were entered into the
FloVegSi database (T. SELISKAR, VRES & A. SELISKAR
2003). Floristic similarity between the relevés was esti-
mated with the software package SYN-TAX 2000 (Po-
DANI2001). For this purpose, we transformed combined
cover-abundance values into ordinal values 1- 9 (van
der MAAREL 1979). The relevés were arranged into the
analytical table (Table 1) based on the results of hierar-
chical classification using the “(Unweighted) average
linkage” - UPGMA method, where we applied Wishart’s
similarity ratio. The same method was used also in the
comparison of floristic composition of mesophilous
beech forests in the Rasa Valley with similar beech for-
ests elsewhere in southwestern Slovenia.

The nomenclatural source for the names of vascular
plants, except for the name Helleborus odorus subsp. is-
triacus Schiffner,is MARTINCIC &al. (2007), MARTINCIC
(2003, 2011) for the names of mosses, and SiLc & CARNI
(2012) for the names of syntaxa, except for the name of
the class Querco-Fagetea Braun-Blanquet et Vlieger in
Vlieger 1937.
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2.1 Ecological description of the study area

The predominating geological parent materialin the Rasa
Valley is Cretaceous limestone (JURKOVSEK et al. 1996);
soils are rendzinas and brown soils on limestone. The cli-
mate in the study area is warm, with mean annual tem-
perature of 10 — 11 °C and the vegetation period with
mean daytime temperature exceeding 10 °C for around
180 days, from (early) mid-April to mid-(end of ) October
(CEGNAR 1998). The average annual precipitation is 1400
to 1500 mm, with more than half of precipitation received
during the vegetation period. Precipitation is more fre-
quentand abundant in spring and autumn, less so in win-
ter and summer (ZUPANCIC 1998). The shady slopes of the
upper part of the very narrow valley have a colder local
climate. This part of the valley is largely wooded. Forests
are secondary. On the sunny side of the valley (the right
side) they developed mainly through spontaneousaffores-
tation of former pastures and on the shady (left) side as a
result of intensive logging in the first half of the 20" cen-
tury. Stands of three oak-hop hornbeam associations pre-
vail: Seslerio autumnalis-Quercetum petraeae, Seslerio au-
tumnalis-Ostryetum and Aristolochio luteae-Quercetum
pubescentis, in smaller areas also stands of associations
Seslerio autumnalis-Quercetum cerridis, Amelanchiero
ovalis-Ostryetum and Ornithogalo pyrenaici-Carpinetum
betuli (DAKSKOBLER 1997, 2016, DAKSKOBLER et al. 2017).
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3 RESULTS AND DISCUSSION

In terms of floristic similarity the relevés with dominat-
ing beech in the tree layer (Figure 1) formed two larger
groups (Figure 2). Based on the dendrogram in this fig-
ure we arranged them in Table 1. Three relevés (in the
far right part of the dendrogram and at the beginning of
Table 1) stood out mainly because beech is not the dom-
inant species in the tree layer. Relevé 1 in Table 1 is a
development stage of beech forest on a gravelly plainim-
mediately next to the river (potentially belongs into the
association Hacquetio-Fagetum), while relevés 2 and 3
are a degradation stage of beech forest on a convex slope
(potentially they belong to the association Seslerio au-
tumnalis-Fagetum). Relevés on the left side of the den-
drogram (relevés 4 —16 in Table 1) can be classified into
the association Seslerio autumnalis-Fagetum. Floristi-
cally, the group of relevés on the right side of the den-
drogram is distinctly different. Although these relevés
comprise both character species of the association Sesle-

rio autumnalis-Fagetum, namely Sesleria autumnalis
and Lathyrus venetus, their entire species composition
allows for their classification into other, more mesophil-
ous associations. These relevés were made mainly on
concave, steep and stony slopes with moister soils. Based
on our on-site examinations, site appearance, relief,
rockiness and soil conditions they have so far been clas-
sified into two associations: Hacquetio-Fagetum and
Lamio orvalae-Fagetum. To accurately assess our exist-
ing classification they should be compared with two
syntaxa that were reported and described in this part of
Slovenia by AccerTo (1989, 1990): Fagetum submonta-
num var. geogr. Sesleria autumnalis (according to the
rules of the Code, WEBER et al. 2000, the valid name of
this syntaxon is Hacquetio-Fagetum Kosir 1962 var.
geogr. Sesleria autumnalis Accetto 1990) and Lamio or-
valae-Fagetumvar. geogr. Sesleria autumnalis. However,
AccetTo did not publish any analytical or synoptic ta-

Figure I: Localities of Fagus sylvatica and researched beech stands in the Rasa Valley
Slika 1: Nahajalis¢a bukve in njenih preucenih sestojev v dolini Rase
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bles. They might have been preserved in his legacy,
which is currently not yet available to the professional
public. In making the synoptic table (Table 2) we could
therefore only use the descriptions from his study (Ac-
CETTO 1989) and the published table which, however,
shows only the presence of some of the species (ACCET-
1O 1990). For the stands of the association Lamio orval-
ae-Fagetum we also took into consideration six of our
relevés from the Cicarija region (DAKSKOBLER & RESCIC
2015). The synoptic table therefore shows the frequen-
cies of species in the communities described by Accet-
TO. These are estimated values, but roughly correspond
to the situation on site, although certain species are
probably missing.

Comparison between four syntaxa, namely our
relevés from Rasa, relevés of the syntaxon Fagetum
submontanum - VremS§cCica, Ravnik, relevés of the as-
sociation Lamio orvalae-Fagetum, separately for
Vrems$cica and Ravnik, and Ciéarija, demonstrates
that the stands from Rasa are clearly different (Figure
3) and cannot be classified into two, but only into one
association. Character species of the association Hac-
quetio-Fagetum, as well as certain character species of

the association Lamio orvalae-Fagetum, are well repre-
sented in the studied stands (better than in the stands of
the syntaxon Fagetum submontanum var. geogr. Sesleria
autumnalis). In terms of site characteristics, such as
shady and very rocky slopes, brown rendzina, brown
soils on limestone, abundance of sycamore maple (Acer
pseudoplatanus) and wych elm (Ulmus glabra) in the
tree layer, they resemble the stands of the association
Lamio orvalae-Fagetum, whereas in terms of their eleva-
tion zone spanning 350 — 550 m a.s.l. and individual
Quercus petraea trees in the tree layer they are undoubt-
edly closer to the stands of the association Hacquetio-
Fagetum s.lat. Of the three classification options for this
mesophilous submontane stands, namely into the asso-
ciation Seslerio autumnalis-Fagetum, Hacquetio-Fage-
tum or Lamio orvalae-Fagetum, the analyses and com-
parisons that we have conducted affirmed that the clas-
sification into the association Hacquetio-Fagetum is the
most justified.

The analysis by groups of diagnostic species (Table
3, taking into account the presence of tree and shrub
species in different stand layers) demonstrates distinct
differences between the studied stands and stands of the
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Figure 2: Dendrogram of Fagus sylvatica stands in the Rasa Valley (UPGMA, similarity ratio)
Slika 2: Dendogram bukovih sestojev v dolini Rase (UPGMA, similarity ratio)

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019



IGOR DAKSKOBLER: PHYTOSOCIOLOGICAL DESCRIPTION OF FAGUS SYLVATICA FORESTS IN THE RASA VALLEY ‘

association Seslerio autumnalis-Fagetum,in particulara
significantly higher proportion of diagnostic species of
alliances Aremonio-Fagion and Tilio-Acerion, order Fa-
getalia sylvaticae and class Querco-Fagetea, and a sig-
nificantly smaller proportion of species of the order
Quercetalia pubescenti-petraeae and classes Rhamno-
Prunetea and Trifolio-Geranietea. However, the adapted
synoptic table and its analysis (Tables 2 and 4, tree and
shrub species are taken into account only in one layer)
demonstrate that the stands of the association Lamio
orvalae-Fagetum in southwestern Slovenia comprise a
distinctly higher proportion of species of the alliance
Tilio-Acerion and classes Asplenietea trichomanis and
Thlaspietea rotundifolii,and a distinctly smaller propor-

tion of species of the alliance Erythronio-Carpinion and
order Quercetalia pubescenti-petraeae than in the stands
of the studied beech forests in the Rasa Valley. These
findings do not support the classification of the studied
stands into the association Lamio orvalae-Fagetum.
There are considerable ecological and floristic dif-
ferences between the stands in the Rasa Valley and the
stands of the syntaxon Fagetum submontanum var.
geogr. Sesleria autumnalis from Vremscica and Ravnik.
The last grow on different elevations, between 500 and
700 m a.s.l,, they do not comprise one of the character
species of the association Hacquetio-Fagetum, namely
Hacquetia epipactis, and in addition, our relevés can-
not be classified into any of the subassociations de-

Dissimilarity

HFlo

HFcg LoFgn LoFpa

Figure 3: Dendrogram of Fagus sylvatica communities on limestone parent material in southwestern Slovenia (UPGMA, simi-

larity ratio)

Slika 3: Dendogram bukovih zdruzb na karbonatni podlagi v jugozahodni Sloveniji, UPGMA, similarity ratio

HFlo: Hacquetio-Fagetum lamietosum orvalae, this article

HFcg Fagetum submontanum var. geogr. Sesleria autumnalis, ACCETTO (1989, 1990)

LoFgn Lamio orvalae-Fagetum var. geogr. Sesleria autumnalis subvar. geogr. Geranium nodosum, ACCETTO (1989, 1990)

LoFpa Lamio orvalae-Fagetum var. geogr. Sesleria autumnalis subvar. geogr. Pseudofumaria alba, AccerTo (1989, 1990),

MM

DAKSKOBLER & RESCIC (2015)
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scribed by AcceTrTo (1989): hieracietosum sylvaticae,
galietosum odorati, festucetosum carniolicae, mercuri-
alietosum perennis, dryopteridetosum assimilis). The
studied mesophilous beech stands in the Rasa Valley
are therefore classified into a new subassociation Hac-
quetio-Fagetum lamietosum orvalae subass. nova hoc
loco. The differential species of the new subassociation
are Lamium orvala, Galeobdolon flavidum, Aconitum
lycoctonum, Scilla bifolia, Corydalis cava and Gagea
lutea. The listed species characterise rocky sites with
sufficient soil moisture, otherwise more characteristic
for the stands of the association Lamio orvalae-Fage-
tum. The differential species of the new subassociation
include Aconitum lycoctonum, after which Accerto
(2015) named the subassociation Hacquetio-Fagetum
aconitetosum lycoctoni, but the entire species composi-
tion and ecology of this subassociation is clearly differ-
ent from the species composition and ecology of the
studied community. The nomenclatural type of the
new subassociation, holotypus hoc loco, is relevé 26 in
Table 1. Within the new subassociation we distinguish
also the variant with Ostrya carpinifolia on slightly
drier sites with shallower soils, predominantly rendzi-
na.

In terms of phytogeography, the stands of the as-
sociation Hacquetio-Fagetum on the northeastern edge

of the Karst are classified into the new geographical
subvariant Hacquetio-Fagetum var. geogr. Sesleria au-
tumnalis subvar. geogr. Helleborus istriacus, subvar.
geogr. nova. Its differential species are taxa Helleborus
odorus subsp. istriacus and Acer obtusatum, which do
not occur together in other previously described geo-
graphical (sub)variants of the association Hacquetio-
Fagetum. The submontane beech community in the
Rasa Valley therefore differs from the submontane
beech community under Vremscica and on the Ravnik
plateau (the latter could be also treated as a new geo-
graphical subvariant Hacquetio-Fagetum var. geogr.
Sesleria autumnalis subvar. geogr. Calamintha grandi-
flora) also in terms of phytogeography. It occurs at
lower elevations in a warmer climate, and characteris-
es the geographical particularities of the association
Hacquetio-Fagetum in the Karst. Previously, only the
stands of the association Ornithogalo pyrenaici-Fage-
tum (DAKSKOBLER 2006) were known in this area,
whereas the stands of this association have not been
reported. KoSir (2010: 85) briefly mentions a submon-
tane beech forest with Hacquetia epipactis and Ruscus
aculeatus, Hacqetio-Fagetum var. asoc. Ruscus acule-
taus in the littoral part of the High Karst, but his de-
scription does not refer to the beech community of the
Classic Karst.

4 CONCLUSIONS

Well-preserved beech forests are very rare in the Karst.
Until now, our knowledge has been limited to the
stands of the associations Seslerio autumnalis-Fagetum
and Ornithogalo pyrenaici-Fagetum. Several years ago,
we described the stands of the first also on the north-
eastern edge of the Karst, on the shady slopesabove the
Rasa Valley. In the same area we also described the
stands that can be classified (due to their entire species
composition) into the new subassociation Hacquetio-
Fagetum lamietosum orvalae (the latter indicates a cer-
tain similarity with the stands of the association Lamio
orvalae-Fagetum, but there is no floristic basis for clas-
sifying these stands into this association) and the new
geographical subvariant Hacquetio-Fagetumvar geogr.
Sesleria autumnalis subvar. geogr. Helleborus istriacus.
The stands of the new syntaxon are sufficiently differ-
entiated not only from their contact stands that belong
to the association Seslerio autumnalis-Fagetum, but
also from the submontane beech forests under
Vrems$cica and on the Ravnik plateau, on the margins
of the Karst towards the Pivka Valley and Brkini Hills,
known as Fagetum submontanum var. geogr. Sesleria
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autumnalis or Hacquetio-Fagetum var. geogr. Sesleria
autumnalis subvar. geogr. Calamintha grandiflora.
These are managed forests with a pronounced protec-
tive function, quite removed from transport routes.
They belong to the forest site type Submontane Littoral
Fagus sylvatica forests on carbonate rocks (KUTNAR et
al. 2012). Also important is their biotopic function, as
they belong to the Natura 2000 habitat type Illyrian
Fagus sylvatica forests (Aremonio-Fagion) and are sites
of some taxa that are protected in Slovenia (ANON.
2004): Cephalanthera longifolia, C. damasonium, Con-
vallaria majalis, Cyclamen purpurascens, Erythronium
dens-canis, Galanthus nivalis, Helleborus odorus subsp.
istriacus, Lilium martagon, Listera ovata, Neottia ni-
dus-avis. Some of the floristic features typical for the
beech forests in the Rasa Valley include several other
taxa that are rare in the Karst, such as Laburnum alpi-
num, Lathyrus occidentalis var. montanus, Phyteuma
spicatum subsp. coeruleum, Veratrum nigrum, Valeri-
ana tripteris, Lonicera alpigena, Tephroseris pesudoc-
rispa and Anemone x pittonii, which indicate the vicin-
ity of the Vipava Valley and high-karst plateaus of
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Trnovski Gozd and Nanos. Beech forests in the Rasa
Valley are threatened by climate change and excessive

logging, which could result in regression to sessile oak
and hop hornbeam stands.

5 POVZETEK

5.1 Uvod

Reka Rasa izvira na Osarskem, v flisnem hribovju, ki
lo¢uje Zgornjo Vipavsko dolino in Senozesko podolje
(RADINJA 1972). Po zdruzitvi povirnih krakov zapusti
flisno obmocje in po nekaj vec¢ kot kilometru teka se ji z
leve pridruzi potok Lo¢nik, ki izvira pod Dolenjo vasjo
pri Senozecah in ga nekateri tudi Stejejo za zacetek Rase.
V krednem apnencu Krasa je izdolbla sotesko, ki ima
smer severovzhod-jugozahod. Pod koto 612 m se reka
obrne protiseverozahoduin te¢e naprej po geoloski prelo-
mnici. Dolina se nekoliko razsiri $ele po sotocju z Gri-
$kim potokom. Pobocjana obeh straneh soteske so strma,
kamnita, z izjemo melis¢ in skalovja porasla z gozdom.
Pobocja nad levim bregom pripadajo Krasu, pobocja nad
desnim bregom pa planoti Vrhe. K njej sodi tudi prvi vecji
desni pritok Rase, Griski potok. Bukev je vsaj posamic¢no
prisotna v ve¢jem delu doline Rase (slika 1), a bolj sklenje-
ni sestoji so le v njenem zgornjem in deloma srednjem
delu, do soto¢ja z Griskim potokom in na osojnih pobo-
¢jih tega potoka. Prevladujoco bukovo gozdno zdruzbo v
Rasi, asociacijo Seslerio autumnalis-Fagetum, smo opisali
pred leti (DAKSKOBLER 1997). Takrat smo omenili tudi
bolj mezofilne bukove sestoje, ki naj bi pripadali §e dvema
asociacijama (Hacquetio-Fagetum, Lamio orvalae-Fage-
tum) in katerih sestoje smo opazili le na manjsih povrsi-
nah v zgornjem delu doline.

Z dodatnimi fitocenoloskimi raziskavami, ki smo
jih opravili v letih 2012-2017, smo Zeleli ugotoviti na-
slednje:

V koliko asociacij lahko uvrstimo bukove gozdove
v dolini Rage?

Koliksna je podobnost mezofilnih bukovih gozdov
v dolini Rase s podgorskimi in gorskimi mezofilnimi
bukovimi gozdovinaapnencasti podlagi drugod vjugo-
zahodni Sloveniji?

5.2 Metode

Gozdove v dolini Rase smo popisovali po srednjee-
vropski metodi (BRAUN-BLANQUET 1964). Skupno 34
fitocenoloskih popisov, v katerih je bila bukev domi-
nantna vrsta drevesne plasti ali je vsaj v njej imela po-
memben delez, smo vnesli v podatkovno bazo FloVegSi
(T. SELISKAR, VRES & A. SELISKAR 2003). Primerjavo

floristicne podobnosti popisov smo opravili s progra-
mom SYN-TAX 2000 (Popant 2001). V ta namen smo
kombinirane ocene zastiranja in pogostnosti pretvorili
v ordinalne vrednosti od 1-9 (van der MAAREL 1979).
Popise smo v analitsko preglednico (preglednica 1) ure-
dili na podlagirezultatov hierarhi¢ne klasifikacije z me-
todo kopicenjana podlagi povezovanja (netehtanih) sre-
dnjihrazdalj“(Unweighted)averagelinkage”-UPGMA,
kjer smo uporabljali Wishartov koeficient podobnosti
(similarity ratio). Isto metodo smo uporabili tudi pri
primerjavi floristi¢ne sestave mezofilnih bukovih goz-
dov v dolini Rasi s podobnimi bukovimi gozdovi dru-
god v jugozahodni Sloveniji.

Nomenklaturni viri za imena praprotnic in se-
menk so MARTINCIC & al. (2007) razen za ime Hellebo-
rus odorus subsp. istriacus Schiffner, za imena mahov
MARTINCIC (2003, 2011), za imena sintaksonov pa Sirc
& CARNI (2012), razen za ime razreda Querco-Fagetea
Braun-Blanquet et Vlieger in Vlieger 1937.

5.2.1 Ekoloska oznaka raziskovanega obmocja

Prevladujoca geoloska podlaga v dolini Rase je kredni
apnenec (JURKOVSEK et al. 1996), tla so rendzine in rjava
pokarbonatna tla. Podnebje v raziskovanem obmocju je
toplo, s povpreéno letno temperaturo 10°C -11 °C in z
vegetacijsko dobo s povprecno dnevno temperaturo nad
10 °C okoli 180 dni, od (zacetka) srede aprila do srede
(konca) oktobra (CEGNAR 1998). Povprec¢na letna visina
padavin je od 1400 mm do 1500 mm, priblizno polovica
jih pade v vegetacijskem obdobju. Ve¢ padavin je spo-
mladiin jeseni, manj pozimi in poleti (ZUPANCIC 1998).
Osojna pobodja zgornjega dela doline, ki je zelo ozka,
imajo hladnejse krajevno podnebje. Ta del doline je v
glavnem gozdnat. Gozdovi so drugotni in so na prisojni
strani doline (desni breg) nastali predvsem z zarasca-
njem nekdanjih pasnikov, na osojni strani doline (levi
breg) pa kot posledica mocnih secenj v prvi polovici 20.
stoletja. Prevladujejo sestojitreh hrastovo-¢rnogabrovih
asociacij: Seslerio autumnalis-Quercetum petraeae, Se-
slerio autumnalis-Ostryetum in Aristolochio luteae-
-Quercetum pubescentis, na manj$ih povrsinah pa so
tudi sestojiasociacij Seslerio autumnalis-Quercetum cer-
ridis, Amelanchiero ovalis-Ostryetum in Ornithogalo
pyrenaici-Carpinetum betuli (DAKSKOBLER 1997, 2016,
DAKSKOBLER et al. 2017).
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5.3 Rezultati in razprava

Fitocenoloski popisi s prevladujoco bukvijo v drevesni
plasti (slika 1) so se po floristi¢ni podobnosti zdruze-
vali v dve vedji skupini (slika 2). Na podlagi dendro-
grama na tej sliki smo jih tudi uredili v preglednico 1.
Trije popisi (v skrajno desnem delu dendrograma in na
zaCetku preglednice 1) so floristicno precej odstopali,
predvsem zato, ker v njih bukev ni dominantna vrsta
drevesne plasti. Popis st. 1 v preglednici 1 oznacuje ra-
zvojno stopnjo bukovega gozda na prodnati uravnavi
tik ob reki (potencialno sodi v asociacijo Hacquetio-
-Fagetum), popisa st. 2 in 3 pa degradacijsko stopnjo
bukovega gozda na izboklem pobocju (potencialno so-
dita v asociacijo Seslerio autumnalis-Fagetum). Popise
v levem delu dendrograma (popis st. 4 =16 v pregledni-
ci 1) lahko uvrstimo v asociacijo Seslerio autumnalis-
-Fagetum. Skupina popisov v desnem delu dendrogra-
ma je floristi¢no ocitno drugaéna. Ceprav v njih tudi
uspevata obe znacilnici asociacije Seslerio autumnalis-
-Fagetum, Sesleria autumnalis in Lathyrus venetus, nji-
hova celotna vrstna sestava dopus¢a moznost uvrstitve
v druge, bolj mezofilne asociacije. Te popise smo nare-
dili na ve¢inoma vboklih strmih in kamnitih pobo¢jih
z bolj vlaznimi tlemi. Na podlagi terenskih ogledov,
videza rastis¢, reliefa, skalnatosti in talnih razmer, smo
jih do zdaj uvrscali v dve asociaciji: Hacquetio-Fage-
tum in Lamio orvalae-Fagetum. Za pravilno presojo
nase dosedanje klasifikacije bi bila nujna primerjava z
dvema sintaksonoma, ki ju je v tem delu Slovenije od-
kril in opisal AcceTTo (1989, 1990): Fagetum submon-
tanum var. geogr. Sesleria autumnalis (po pravilih Ko-
deksa, WEBER et al. 2000, je veljavno ime tega sinta-
ksona Hacquetio-Fagetum Kosir 1962 var. geogr. Sesle-
ria autumnalis Accetto 1990) in Lamio orvalae-Fage-
tum var. geogr. Sesleria autumnalis, ki pa analitskih ali
vsaj sinteznih tabel ni nikoli objavil. Najbrz so ohra-
njene v njegovi zapuscini, a ta za zdaj ni dostopna stro-
kovni javnosti. Pri izdelavi sintezne preglednice (pre-
glednica 2) smo si zato lahko pomagali le z opisi iz
elaborata (AccerTo 1989) in z objavljeno preglednico,
ki pa pokaze le na prisotnost nekaterih vrst (AcCETTO
1990). Pri sestojih asociacije Lamio orvalae-Fagetum
smo upostevali tudi Sest nasih popisov iz Cicarije
(DAKSKOBLER & RESCIC 2015). V sintezni preglednici
so torej frekvence stalnosti vrst v zdruzbah, ki jih je
opisal ACCETTO, ocenjene, a v grobem ustrezajo stanju
na terenu, ob tem, da najbrz nekatere vrste manjkajo.
Primerjava med Stirimi sintaksoni: nasi popisi iz
Rase, popisi sintaksona Fagetum submontanum — Vrem-
$¢ica, Ravnik, popisi asociacije Lamio orvalae-Fagetum,
lo¢eno iz Vremscice in Ravnika ter Ciéarije, pokaze,daso
sestojiiz Rase ocitno drugacni (slika 3) in da jih ne more-
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mo uvrstiti v dve asociaciji, temve¢ kvecjemu v eno. V
preucenih sestojih so dobro zastopane znacilne vrste aso-
ciacije Hacquetio-Fagetum (bolj kot v sestojih sintaksona
Fagetum submontanumvar. geogr. Sesleria autumnalis), a
tudi nekatere znacilnice asociacije Lamio orvalae-Fage-
tum. Po nekaterih znacilnostih rastis¢a: osojna precej
skalnata pobocja, rajava rendzina, rjava pokarbonatna
tla, pogostnost gorskega javorja in gorskega bresta v dre-
vesni plasti, spominjajo na sestoje asociacije Lamio orva-
lae-Fagetum, po visinskem pasu uspevanja 350 m - 550 m
in pogosti posamicni primesi gradna (Quercus petraea) v
drevesni plasti, pa so nedvomno bolj podobni sestojem
asociacije Hacquetio-Fagetum s. lat. Med tremi moznost-
mi, da te mezofilne podgorske sestoje uvrstimo v asocia-
cije Seslerio autumnalis-Fagetum, Hacquetio-Fagetum ali
Lamio orvalae-Fagetum, je na podlagi narejenih analizin
primerjav najbolj utemeljena uvrstitev v asociacijo Ha-
cquetio-Fagetum.

Analiza po skupinah diagnosti¢nih vrst (preglednica
3, upostevana je prisotnost drevesnih in grmovnih vrst v
razli¢nih sestojnih plasteh) kaze na o¢itne razlike preuce-
nih sestojev proti sestojem asociacije Seslerio autumnalis-
-Fagetum, $e posebej v bistveno vecjem delezu diagnostic-
nih vrst zvez Aremonio-Fagion in Tilio-Acerion, reda Fa-
getalia sylvaticae in razreda Querco-Fagetea in v bistveno
manjsem delezu vrst reda Quercetalia pubescenti-petrae-
ae in razredov Rhamno-Prunetea in Trifolio-Geranietea.
Prirejena sintezna preglednica in njena obdelava (pregle-
dnici 2 in 4, drevesne in grmovne vrste so upostevane le v
eni plasti) pa kazeta, da je v sestojih asociacije Lamio or-
valae-Fagetum v jugozahodni Sloveniji o¢itno vecji delez
vrst zveze Tilio-Acerion in razredov Asplenietea tricho-
manis ter Thlaspietea rotundifolii in manjsi delez vrst
zveze Erythronio-Carpinion in reda Quercetalia pube-
scenti-petraeae kot v sestojih preucevanega bukovja v do-
lini Rade. Te ugotovitve ne podpirajo uvrstitve preucenih
sestojev v asociacijo Lamio orvalae-Fagetum.

Med sestoji v dolini Rase in sestoji sintaksona Fage-
tum submontanum var. geogr. Sesleria autumnalis z
Vremscice in Ravnika so precejsnje ekoloske in floristic-
ne razlike. Pri slednjih je drugac¢na ze nadmorska visina,
0od 500 m do 700 m, v njih ni popisana ena od znacilnic
asociacije Hacquetio-Fagetum, vrsta Hacquetia epipactis,
nasih popisov tudi ne moremo uvrstiti v nobeno od su-
basociacij, ki jih navaja AcceTrTo (1989): hieracietosum
sylvaticae, galietosum odorati, festucetosum carniolicae,
mercurialietosum perennis, dryopteridetosum assimilis.
Zato preucene mezofilne bukove sestoje v dolini Rase
uvrs¢amo v novo subasociacijo Hacquetio-Fagetum la-
mietosum orvalae subass. nova hoc loco. Razlikovalnice
nove subasociacije so vrste Lamium orvala, Galeobdolon
flavidum, Aconitum lycoctonum, Scilla bifolia, Corydalis
cava in Gagea lutea. Nastete vrste oznacujejo skalnata
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rastis¢a z dovolj talne vlage, ki so sicer bolj znacilna za
sestoje asociacije Lamio orvalae-Fagetum. Med razliko-
valnimi vrstami nove subasociacije je tudi vrsta Aconi-
tum lycoctonum, po kateri je ACCETTO (2015) imenoval
subasociacijo Hacquetio-Fagetum aconitetosum lycocto-
ni, vendar je celotna vrstna sestava in tudi ekologija te
subasociacije o¢itno razli¢na od vrstne sestave in ekolo-
gije preucene zdruzbe. Nomenklaturni tip nove subaso-
ciacije, holotypus hocloco, je popis §t. 26 v preglednici 1.
Znotraj nove subasociacije razlikujemo Se varianto z
vrsto Ostrya carpinifolia na nekoliko bolj susnih rasti-
§¢ih s plitvejsimi tlemi, prevladujoco rendzino.

V fitogeografskem smislu sestoje asociacije Hacque-
tio-Fagetum na severovzhodnem robu Krasa uvr§¢amo
v novo geografsko subvarianto Hacquetio-Fagetum var.
geogr. Sesleria autumnalis subvar. geogr. Helleborus is-
triacus, subvar. geogr. nova. Njeni razlikovalnici sta ta-
ksona Helleborus odorus subsp. istriacusin Acer obtusa-
tum, ki se v drugih do sedaj opisanih geografskih (sub)
variantah asociacije Hacquetio-Fagetum ne pojavljata
skupaj. Podgorska bukova zdruzba v dolini Rase se torej
tudi v fitogeografskem smislu razlikuje od podgorske
bukove zdruzbe pod Vrems¢ico in na planoti Ravnik (to
bi lahko obravnavali kot novo geografsko subvarianto
Hacquetio-Fagetum var. geogr. Sesleria autumnalis sub-
var. geogr. Calamintha grandiflora). Uspeva na nizji
nadmorski visini, v toplejSem podnebju in oznacujejo
geografsko razlic¢ico asociacije Hacquetio-Fagetum na
Krasu. V tej pokrajini do zdaj sestojev te asociacije
nismo poznali, pac pa le sestoje asociacije Ornithogalo
pyrenaici-Fagetum (DAKSKOBLER 2006). Ko$ir (2010:
85) sicer zelo kratko omenja podgorsko bukovje s tevjem
in bodeco lobodiko Hacqetio-Fagetum var. asoc. Ruscus
aculetaus v litoralnem delu Visokega Krasa, a njegov
opis se ne nanasa na bukovo zdruzbo mati¢nega Krasa.

5.4 Zakljucki

Ohranjeni bukovi gozdovi na Krasu so precejsnja red-
kost. Do zdaj smo poznali le sestoje asociacij Seslerio

autumnalis-Fagetum in Ornithogalo pyrenaici-Fage-
tum. Sestoje prve smo ze pred leti opisali tudi na seve-
rovzhodnem robu Krasa, na osojnih poboc¢jih nad do-
lino Rase. Tam pa smo popisali tudi sestoje, ki jih po
celotni vrstni sestavi lahko uvrstimo v novo subasoci-
acijo Hacquetio-Fagetum lamietosum orvalae (ta naka-
zuje dolo¢eno podobnost s sestoji asociacije Lamio or-
valae-Fagetum, ni pa floristicne podlage, da bi jih tudi
uvrstili v to asociacijo) in v novo geografsko subvari-
anto Hacquetio-Fagetum var geogr. Sesleria autumna-
lis subvar. geog. Helleborus istriacus. Dovolj dobro se
razlikujejo ne samo od njim sti¢nih sestojev asociacije
Seslerio autumnalis-Fagetum, temve¢ tudi od podgor-
skih bukovih gozdov pod Vrems¢ico in na planoti Rav-
nik, na obrobju Krasa proti Pivski kotlini in Brkinom,
ki jo poznamo z imeni Fagetum submontanum var.
geogr. Sesleria autumnalis oz. Hacquetio-Fagetum var.
geogr. Sesleria autumnalis subvar. geogr. Calamintha
grandiflora. So gospodarski gozdovi s poudarjeno va-
rovalno vlogo, precej odmaknjeni od voznih poti in
sodijo v gozdni rastis¢ni tip Podgorsko primorsko bu-
kovje na karbonatih (KUTNAR et al. 2012). Poudarjena
je tudi njihova biotopska vloga, saj sodijo v Natura
2000 habitatni tip: Ilirski bukovi gozdovi (Aremonio-
-Fagion) in so rasti$ce nekaterih v Sloveniji zavarova-
nih taksonov (ANON. 2004): Cephalanthera longifolia,
C.damasonium, Convallaria majalis, Cyclamen purpu-
rascens, Erythronium dens-canis, Galanthus nivalis,
Helleborus odorus subsp. istriacus, Lilium martagon,
Listera ovata, Neottia nidus-avis. Floristicna poseb-
nost bukovih gozdov v dolini Rase so tudi nekateri
drugi na Krasu redki taksoni, kot so Laburnum alpi-
num, Lathyrus occidentalis var. montanus, Phyteuma
spicatum subsp. coeruleum, Veratrum nigrum, Valeria-
na tripteris, Lonicera alpigena, Tephroseris pesudocri-
spa in Anemone x pittonii, ki kazejo na blizino Vipa-
vske doline in visokokraskih planot Trnovskega gozda
in Nanosa. Bukove gozdove v dolini Rase ogrozajo
podnebne spremembe in premoc¢ne se¢nje. Njihova po-
sledica je lahko regresija v sestoje gradna in ¢rnega
gabra.
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Figure 4: Stand of the association Seslerio autumnalis-Fagetum in the Rasa Valley (early spring aspect)
Slika 4: Sestoj asociacije Seslerio autumnalis-Fagetum v dolini Rase (zgodnji spomladanski videz)

Figure 5: Stand of the association Hacquetio-Fagetum in the Rasa Valley (early spring aspect)
Slika 5: Sestoj asociacije Hacquetio-Fagetum v dolini Rase (zgodnji spomladanski videz)
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Figure 6: Scilla bifolia, one of the differential species of the subassociation Hacquetio-Fagetum lamietosum orvalae
Slika 6: Dvolistna morska cebulica (Scilla bifolia), ena izmed razlikovalnic subasociacije Hacquetio-Fagetum lamietosum orvala

Figure 7: Helleborus odorus subsp. istriacus, geographical differential species of the association Hacquetio-Fagetum in the Rasa Valley
Slika 7: Istrski teloh (Helleborus odorus subsp. istriacus), geografska razlikovalnica asociacije Hacquetio-Fagetum v dolini Rase
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Table 3: Groups of dignostic species in the beech forests of the Rasa Valley (relative frequencies)
Preglednica 3: Skupine diagnosti¢nih vrst v bukovih gozdovih v dolini Rase (relativne frekvence)

Successive number (Zaporedna $tevilka)
Sign for syntaxa (Oznaka zdruzb)
Number of relevés (Stevilo popisov)
Aremonio-Fagion

Erythronio-Carpinion

Tilio-Acerion

Fagetalia sylvaticae

Quercetalia pubescenti-petraeae
Quercetalia roboris

Quereco-Fagetea

Vaccinio-Piceetea

Rhamno-Prunetea

Epilobietea angustifolii
Trifolio-Geranietea, Festuco-Brometea
Mulgedio-Aconitetea

Asplenietea trichomanis, Thlaspietea rotundifolii
Mosses and lichens (Mahovi in lisaji)
Total (Skupaj)

Legend - Legenda
SF Seslerio autumnalis-Fagetum
HF Hacquetio-Fagetum

1
SF
13

2,9
3,3
3,2
26,8
27,5
1,3
12,8
1,6
3,0
0,2
52
2,2
1,3
8,7
100

2
HF
18
6,1
4,8
9,6
36,5
12,8

17,0
0,4
0,6

0,7
1,6
1,5
8,4
100
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QP
Qp

AF
FS
1N
EC

EC
CcO
CcoO
cO
CcO
CcO

Table 1: Fagus sylvatica communities in the Rasa Valley

Preglednica 1: Bukove zdruzbe v dolini Rase

Number of relevé (Zaporedna $tevilka popisa)

Database number of relevé
(Stevilka popisa v podatkovni bazi)

Elevation in m (Nadmorska visina v m)
Aspect (Lega)

Slope in degrees (Nagib v stopinjah)
Parent material (Mati¢na podlaga)

Soil (Tla)

Stoniness in % (Kamnitost v %)

Cover in % (Zastiranje v %):

Upper tree layer (Zgornja drevesna plast)
Lower tree layer (Spodnja drevesna plast)
Shrub layer (Grmovna plast)

Herb layer (Zelis¢na plast)

Moss layer (Mahovna plast)

Maximum diameter of trees

(Najvedji prsni premer dreves)
Maximum height of trees

(Najvecja drevesna vi$ina)

Number of species (Stevilo vrst)

Relevé area (Velikost popisne ploskve)

Date of relevé (Datum popisa)

Locality (Nahajalisce)

Quadrant (Kvadrant)

Coordinate GK'Y (D-48)

Coordinate GK X (D-48)
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Diagnostic species of the association Seslerio autumnalis-Fagetum (Diagnosti¢ne vrste asociacije)

Sesleria autumnalis
Lathyrus venetus
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Diagnostic species of the association Hacquetio-Fagetum (Diagnosti¢ne vrste asociacije)

Hacquetia epipactis

Asarum europaeum subsp. caucasicum
Aposeris foetida

Primula vulgaris

Differential species of the geographical variant (Razlikovalnice geografske variante)

Helleborus odorus subsp. istriacus
Acer obtusatum
Acer obtusatum
Acer obtusatum
Acer obtusatum
Acer obtusatum
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IGOR DAKSKOBLER: PHYTOSOCIOLOGICAL DESCRIPTION OF FAGUS SYLVATICA FORESTS IN THE RASA VALLEY

Number of relevé (Zaporedna stevilka popisa)

1

2 3 4 5

Differential species of tha subassociation (Razlikovalnice subasociacije)

AF Lamium orvala

ES Galeobdolon flavidum

QF Scilla bifolia

MuA Aconitum lycoctonum

ES Corydalis cava

QF Gagea lutea

AF Aremonio-Fagion
Cyclamen purpurascens
Cardamine enneaphyllos
Knautia drymeia
Anemone x pittonii
Geranium nodosum

EC Erythronio-Carpinion
Galanthus nivalis
Erythronium dens-canis
Isopyrum thalictroides
Lonicera caprifolium
Crocus vernus subsp. vernus
Helleborus odorus

Al Alnion incanae

SP Populus nigra
Frangula alnus

MA Angelica sylvestris

TA Tilio-Acerion
Acer pseudoplatanus
Acer pseudoplatanus
Acer pseudoplatanus
Acer pseudoplatanus
Acer pseudoplatanus
Ulmus glabra
Ulmus glabra
Ulmus glabra
Ulmus glabra
Ulmus glabra
Acer platanoides
Acer platanoides
Acer platanoides
Acer platanoides
Tilia platyphyllos
Tilia platyphyllos
Tilia platyphyllos
Tilia platyphyllos
Tilia platyphyllos
Juglans regia
Juglans regia
Juglans regia
Aruncus dioicus
Thalictrum aquilegiifolium
Adoxa moschatellina
Geranium robertianum
Tephroseris pseudocrispa
Corydalis solida
Phyllitis scolopendrium
Polystichum aculeatum

FES Fagetalia sylvaticae
Fagus sylvatica
Fagus sylvatica
Fagus sylvatica
Fagus sylvatica
Fagus sylvatica

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

E1
El
E1l
El
E1
El

El
E1
E1l
El
E1l

E1
El
El
E2a
E1
El

E3b
E2a
E1

E3b
E3a
E2b
E2a
E1l
E3b
E3a
E2b
E2a
El
E3b
E3a
E2b
E1l
E3b
E3a
E2b
E2a
El
E2a
E3b
E2b
E1
El
El
El
El
El
E1l
El

E3b
E3a
E2b
E2b
E2a

+
+

+

+ o+
1 1 1 1
1 .
r
1 + 1
o101
+

+ o+
+
+
+ o+ o+
+ o+
+ o+ o+
+
r
+ .
+
1 2 3 4
1 1
1 2
1 + +

6 7 8 9 10 11 12 13 14 15

r . +
+ + o+ + 1 +
+ o+ + 4+ o+

+
1 + +
+ o+ +
1 1 + ..
r
+
+
+
+ 1 +
+
+
+
+
+
+ .
. +
+
+ . + .
+ + o+
r .
r + +
+
3 4 4 5 5 4 4 3 4 4
1+ + + o+
1 .
1 + 1 1 1 1 1 +

16



IGOR DAKSKOBLER: PHYTOSOCIOLOGICAL DESCRIPTION OF FAGUS SYLVATICA FORESTS IN THE RASA VALLEY

Fr. Pr.1_34 Fr.

Pr.17_34

Fr.

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 Pr.4_16

17 18

A8TREA
SNC®oe
SRIEIA
SX¥E2=2vve
LR eodeoo
NN NO o
N~ +
+ + +
- -+
~ — +
-+ -
+ -+ o
— 4+ —
+ + + +
N~ N+ +
o+ + +
— o+ o~ o+ o+~
— 4+~ + + —
— + + +
— — + +
-+ + + +
+ + + +
— o~ +
+ +

29 85

17

78
78

14
14

92

12

50
12

31

68
50

16 89 23
67

12

38
38

17

12

11

32

11

39

23

24

39
17
22
83

18
62

21

15

38

18
12
21

28
22

33

15
26

22
44
22
11

12

26
12

44
11

11

15
18

17

11

15
23

18

12

22

15
23

11

100
74

100 34
25

83

18
15

100

13

77

10

79
47

27

83

44

15

85

11

16

46

87

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019



IGOR DAKSKOBLER: PHYTOSOCIOLOGICAL DESCRIPTION OF FAGUS SYLVATICA FORESTS IN THE RASA VALLEY

QP

Number of relevé (Zaporedna $tevilka popisa)

Fagus sylvatica
Lathyrus vernus

Lilium martagon
Galium laevigatum
Mercurialis perennis
Symphytum tuberosum
Heracleum sphondylium
Euphorbia dulcis
Polygonatum multiflorum
Prenanthes purpurea
Viola reichenbachiana
Dryopteris filix-mas
Daphne mezereum
Carpinus betulus
Carpinus betulus
Carpinus betulus
Carpinus betulus
Pulmonaria officinalis
Salvia glutinosa
Campanula trachelium
Actaea spicata
Cardamine bulbifera
Euphorbia amygdaloides
Laburnum alpinum
Laburnum alpinum
Laburnum alpinum
Laburnum alpinum
Melica nutans

Sanicula europaea
Neottia nidus-avis
Phyteuma spicatum subsp. coeruleum
Cephalanthera damasonium
Mycelis muralis
Sambucus nigra
Sambucus nigra
Galeobdolon montanum
Galium odoratum
Prunus avium

Prunus avium

Prunus avium

Prunus avium

Allium ursinum
Brachypodium sylvaticum
Carex sylvatica

Lonicera alpigena
Quercetalia pubescenti-petraeae
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus
Fraxinus ornus

Ostrya carpinifolia
Ostrya carpinifolia
Ostrya carpinifolia
Tanacetum corymbosum
Melittis melissophyllum
Convallaria majalis
Cornus mas

Cornus mas

Quercus cerris

Quercus cerris

Sorbus aria (Aria edulis)
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Fr. Pr.1_34 Fr.

Pr.17_34
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IGOR DAKSKOBLER: PHYTOSOCIOLOGICAL DESCRIPTION OF FAGUS SYLVATICA FORESTS IN THE RASA VALLEY

QR

QF

Number of relevé (Zaporedna stevilka popisa)

Sorbus aria

Sorbus aria

Sorbus aria

Sorbus aria
Asparagus tenuifolius
Euonymus verrucosa
Euonymus verrucosa
Cnidium silaifolium
Mercurialis ovata
Cotinus coggygria
Cotinus coggygria
Tamus communis
Orchis purpurea

Acer monspessulanum
Acer monspessulanum
Acer monspessulanum
Asparagus acutifolius
Ruscus aculeatus
Peucedanum austriacum
Arabis turrita
Clematis recta
Calamintha sylvatica
Mercurialis x paxii
Paeonia mascula
Lathyrus niger
Quercus pubescens
Sorbus austriaca s.lat.
Quercetalia roboris
Serratula tinctoria
Hieracium racemosum
Castanea sativa
Castanea sativa
Quereco-Fagetea
Anemone nemorosa
Carex digitata
Hepatica nobilis
Quercus petraea
Quercus petraea
Quercus petraea
Quercus petraea
Lonicera xylosteum
Hedera helix

Hedera helix
Aegopodium podagraria
Corylus avellana
Corylus avellana
Corylus avellana

Acer campestre

Acer campestre

Acer campestre

Acer campestre

Acer campestre
Crataegus laevigata
Crataegus laevigata
Veratrum nigrum
Clematis vitalba
Clematis vitalba
Clematis vitalba
Cephalanthera longifolia
Listera ovata

Rosa arvensis
Anemone ranunculoides
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Fr. Pr.1_34 Fr.

Pr. 17_34
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IGOR DAKSKOBLER: PHYTOSOCIOLOGICAL DESCRIPTION OF FAGUS SYLVATICA FORESTS IN THE RASA VALLEY

Number of relevé (Zaporedna s$tevilka popisa)

Cerastium sylvaticum
Crataegus curvisepala
Crataegus curvisepala
Melica uniflora
Viola mirabilis
Viola riviniana
Dactylis polygama
Malus sylvestris
Malus sylvestris
Pulmonaria stiriaca
Pyrus pyraster
Pyrus pyraster
Glechoma hederacea
Platanthera bifolia
Carex pilosa
Moehringia trinervia
Ranunculus ficaria
Festuca heterophylla

VP Vaccinio-Piceetea
Solidago virgaurea
Hieracium murorum
Calamagrostis arundinacea
Valeriana tripteris
Maianthemum bifolium
Oxalis acetosella

RP Rhamno-Prunetea
Berberis vulgaris
Euonymus europaea
Euonymus europaea
Crataegus monogyna
Crataegus monogyna
Crataegus monogyna
Crataegus monogyna
Ligustrum vulgare
Cornus sanguinea
Rhamnus catharticus
Rosa sp.
Robinia pseudoacacia
Robinia pseudoacacia
Juniperus communis
Prunus spinosa
Prunus insititia

EA Epilobietea angustifolii
Fragaria vesca
Galeopsis pubescens
Torilis japonica

TG Trifolio-Geranietea
Campanula rapunculoides
Vincetoxicum hirundinaria
Iris graminea
Paeonia officinalis
Lilium carniolicum
Laserpitium latifolium
Lilium bulbiferum
Thalictrum minus
Anthericum ramosum
Polygonatum odoratum
Euphorbia angulata

MuA Mulgedio-Aconitetea

Senecio nemorensis
Lathyrus occidentalis var. montanus
Senecio ovatus
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Number of relevé (Zaporedna $tevilka popisa)

Aconitum degenii subsp. paniculatum

FB Festuco-Brometea
Carex humilis
Brachypodium rupestre

AT Asplenietea trichomanis, Thlaspietea rotundifolii
Asplenium trichomanes
Polypodium vulgare
Asplenium ruta-muraria
Moehringia muscosa
Hieracium pospichalii
Hieracium bifidum

ML Mosses and lichens (Mahovi in lisaji)
Isothecium alopecuroides
Ctenidium molluscum
Neckera crispa
Schistidium apocarpum
Porella platyphylla
Neckera complanata
Fissidens dubius
Homalothecium sp.
Homalothecium sericeum
Anomodon attenuatus
Anomodon viticulosus
Homalothecium lutescens
Plagiothecium denticulatum
Tortella tortuosa
Collema sp.
Peltigera canina
Atrichum undulatum
Plagiochila asplenioides
Brachythecium rutabulum
Plagiomnium cuspidatum
Plagiomnium undulatum
Thuidium tamariscinum
Eurhynchium striatum
Fissidens taxifolius
Metzgeria furcata
Hypnum cupressiforme
Brachythecium velutinum
Neckera pennata

Legend - Legenda
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Pr. Presence (number of relevés in which the species is presented) - $tevilo popisov, v katerih se pojavlja vrsta

Fr. Frequency in % - frekvenca v %

A Limestone - apnenec

F Flysh - fli$

L Marl - laporovec

R Chert - rozenec

Re Rendzina - rendzina

Cc Chromic Cambisols - rjava pokarbonatna tla
SP Salicetea purpureae

MA Molinio-Arrhenatheretea
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Table 2: Synoptic table of the associations Hacquetio-Fagetum and Lamio orvalae-Fagetum in southwestern Slovenia
Preglednica 2: Sintezna tabela asociacij Hacquetio-Fagetum in Lamio orvalae-Fagetum v jugozahodni Sloveniji

Successive number (Zaporedna $tevilka) 1 2 3 4
Sign for syntaxa (Oznaka zdruzb) HFlo HFcg LoFgn LoFpa
Author (Avtor) 1D MA MA IDMA
AF Aremonio-Fagion
Lamium orvala El 94 10 90 83
Hacquetia epipactis E1 83 . . .
Cyclamen purpurascens El 78 30 20 67
Cardamine enneaphyllos El 78 70 100 100
Anemone x pittonii El 6 . .
Geranium nodosum El 6 50 70 .
Calamintha grandiflora El . 60 70 100
Cardamine trifolia El . 50 70 .
Vicia oroboides E1 . 30 20 10
Aremonia agrimonoides El . 10 70 67
Rhamnus fallax E2b . 10 5 17
EC Erythronio-Carpinion
Galanthus nivalis El 89 20
Helleborus odorus subsp. istriacus El 83
Erythronium dens-canis El 67 . . .
Primula vulgaris El 22 10 . 10
Isopyrum thalictroides El 11 . 60
Crocus vernus subsp. vernus El . 10 . 10
TA Tilio-Acerion
Acer pseudoplatanus E3a 39 50 50 33
Aruncus dioicus El 22 . . 10
Ulmus glabra E3a 22 30 40 17
Acer platanoides E3a 11 . 10 17
Adoxa moschatellina E1 11 . 70
Juglans regia E2a 11 . . .
Tilia platyphyllos E3b 11 . . 67
Polystichum aculeatum El 6 30 80 83
Phyllitis scolopendrium El 6 . 70 50
Corydalis solida E1l 6 . .
Arum maculatum El . 20 20 .
Stellaria montana El . 10 70 10
Geranium robertianum El . . 60 83
Polystichum braunii El . . 50 .
Euonymus latifolia E2a . . 40 17
Cardamine impatiens El . . . 17
Chrysosplenium alternifolium El . . . 17
FS Fagetalia sylvaticae
Fagus sylvatica E3b 100 100 100 100
Lilium martagon El 100 . . .
Dryopteris filix-mas El 94 90 80 100
Symphytum tuberosum El 89 . . .
Lathyrus vernus El 83 50 . 33
Polygonatum multiflorum El 83 . . 67
Asarum europaeum subsp. caucasicum E1 78 80 . 100
Galeobdolon flavidum E1 78 . . 17
Mercurialis perennis E1 78 30 70
Galium laevigatum El 72 . . .
Prenanthes purpurea El 72 70 70 33
Viola reichenbachiana El 72 . . .
Aposeris foetida E1l 67 10 . 10
Actaea spicata El 56 70 70 67
Euphorbia dulcis El 56 60
Heracleum sphondylium E1l 56 . . .
Daphne mezereum E2 50 50 50 83
Pulmonaria officinalis El 50 60 . 67
Campanula trachelium E1l 44 . . 17
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QP

QR

QF

Successive number (Zaporedna $tevilka)

Carpinus betulus
Cardamine bulbifera
Corydalis cava

Salvia glutinosa
Sanicula europaea
Sambucus nigra

Galium odoratum
Melica nutans

Mycelis muralis
Phyteuma spicatum subsp. coeruleum
Prunus avium
Euphorbia amygdaloides
Neottia nidus-avis
Allium ursinum
Galeobdolon montanum
Cephalanthera damasonium
Lonicera alpigena

Tilia cordata

Paris quadrifolia
Scrophularia nodosa
Poa nemoralis
Leucojum vernum
Cardamine pentaphyllos
Festuca altissima

Carex sylvatica
Quercetalia pubescenti-petraeae
Sesleria autumnalis
Lathyrus venetus

Ostrya carpinifolia
Tanacetum corymbosum
Cornus mas

Campanula rapunculoides
Acer obtusatum
Fraxinus ornus
Convallaria majalis
Melittis melissophyllum
Quercus cerris

Arabis turrita

Sorbus aria (Aria edulis)
Euonymus verrucosa
Mercurialis ovata

Acer monspessulanum
Sorbus torminalis
Cnidium silaifolium
Piptatherum virescens
Quercetalia roboris
Veronica officinalis
Hieracium racemosum
Hieracium sabaudum
Rubus hirtus

Pteridium aquilinum
Querco-Fagetea
Anemone nemorosa
Scilla bifolia

Quercus petraea
Hepatica nobilis
Aegopodium podagraria
Hedera helix

Carex digitata

Lonicera xylosteum
Corylus avellana
Crataegus laevigata

E3b
El
El
El
El
E2
El
El
El
El
E3
E1l
El
El
E1l
El

E2a
E3
El
El
E1l
El
El
E1l
E1

E1l
El
E3
E1l
E2
El
E3
E3
E1l
E1l
E3
El
E3
E2
El
E3
E2
El
E1l

E1
E1l
El
E2
E1l

El
El
E3
El
El
E1l
El
E2a
E2b
E2b

44
39
33
28
28
22
17
17
17
17
11
11
11

89
89
61
56
56
50
50
44
33
33

30
80
10

60
40
20
70
30
10
20

40
30
10
10
10
10

70
70
10
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20
80
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40
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Successive number (Zaporedna $tevilka) 1 2 3 4
Gagea lutea El 33 10
Cephalanthera longifolia El 22 60
Anemone ranunculoides El 22 . . .
Rosa arvensis E2 22 . . 17
Clematis vitalba E2 17 50 . .
Acer campestre E3 17 . . 17
Melica uniflora El 17 . . 17
Cerastium sylvaticum El 17
Crataegus curvisepala E2 17
Dactylis polygama El 11
Laburnum alpinum El 11
Viola riviniana E1 11 . . .
Carex pilosa El 6 20 . 17
Festuca heterophylla El 6
Ranunculus ficaria El 6
Listera ovata El 6 .
Moehringia trinervia E1 6 17
Veratrum nigrum El 6 .
Galium schultesii El . 50
Vinca minor E1l . 20
Cruciata glabra El . 10 . .
Platanthera chlorantha E1l . . . 33
Viburnum opulus El . . . 10
VP Vaccinio-Piceetea
Hieracium murorum El 6 30 10 17
Oxalis acetosella El 6 20 10 83
Solidago virgaurea El 6 20 10 17
Calamagrostis arundinacea El . 20 10 10
Avenella flexuosa El . 20 5
Luzula luzuloides E1 . 30 0 .
Maianthemum bifolium El . 20 10 10
Orthilia secunda El . 20 10 .
Picea abies E3 . 10 10 10
Dryopteris expansa El . 5 5
Gymnicarpium dryopteris El . 5
Blechnum spicant El 1
Lycopodium annotinum El . 1 . .
Rosa pendulina E2a . . . 50
SSC Sambuco-Salicion capreae
Sorbus aucuparia E2a . . 10 50
Populus tremula El . . 5 10
RP Rhamno-Prunetea
Euonymus europaea E2 17
Crataegus monogyna E3 6
EA Epilobietea angustifolii
Rubus idaeus E2a . 30 . 17
Fragaria vesca El . 20 10 10
Galeopsis speciosa El . 20 . .
Solanum dulcamara El . 10 50 50
Urtica dioica El . . 40 10
Sambucus racemosa E2a . . . 17
MA Deschampsia cespitosa El . . . 10
MuA Mulgedio-Aconitetea
Aconitum lycoctonum El 56 . 60
Senecio nemorensis El 28 . . .
Senecio ovatus El 6 60 70 17
Athyrium filix-femina El . 50 70 17
Saxifraga rotundifolia E1 . . . 33
TR Thlaspietea rotundifolii
Hieracium bifidum El 6 . . .
Festuca carniolica E1 . 10 10 10
Pseudofumaria alba El . . . 100
Geranium lucidum El . . . 17
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AT

ML

Successive number (Zaporedna $tevilka)

Gymnocarpium robertianum
Asplenietea trichomanis
Asplenium trichomanes
Polypodium vulgare
Asplenium ruta-muraria
Moehringia muscosa
Cymbalaria muralis
Cystopteris fragilis

Ceterach officinarum

Mosses and lichens (Mahovi in li$aji)

Isothecium alopecuroides
Ctenidium molluscum
Neckera crispa

Porella platyphylla
Schistidium apocarpum
Neckera complanata
Anomodon viticulosus
Anomodon attenuatus
Homalothecium sericeum
Brachythecium rutabulum
Plagiomnium cuspidatum
Plagiomnium undulatum
Atrichum undulatum
Neckera pennata

Peltigera canina
Plagiothecium denticulatum
Brachythecium velutinum
Homalothecium sp.
Plagiochila asplenioides
Homalothecium lutescens
Dicranum scoparium
Fissidens dubius
Polytrichum formosum
Thamnobryum alopecurum
Rhytidiadelphus triquetrus
Leucobryum glaucum

Eurhynchium striatum (inc. E. angustirete)

Homalothecium philippeanum
Cladonia rangiferina
Thuidium tamariscinum
Tortella tortuosa

Legend - Legenda

ID Igor Dakskobler; MA Marko Accetto
HFlo Hacquetio-Fagetum lamietosum orvalae, this article

El

E1l
El
E1
E1l
El
E1
E1l

EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO
EO

33
28
17

94
72
56
44
39
28
22
22
17
11
11
11

AN D

50
40
40
40

20
40
50
10

40

20
40

40
20
20
20
10
10

HFcg Fagetum submontanum var. geogr. Sesleria autumnalis, Accetto (1989, 1990)
LoFgn Lamio orvalae-Fagetum var. geogr. Sesleria autumnalis subvar. geogr. Geranium nodosum, Accetto (1989, 1990)
LoFpa Lamio orvalae-Fagetum var. geogr. Sesleria autumnalis subvar. geogr. Pseudofumaria alba, Accetto (1989, 1990),

Dakskobler & Resci¢ (2015)
MA Molinio-Arrhenatheretea
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SUCCESSIONAL STAGES IN THE DEVELOPMENT OF FOREST
VEGETATION IN CIRQUES OF TWO VALLEYS IN THE JULIAN
ALPS (NW SLOVENIA)

SUKCESIJSKE STOPNJE V RAZVOJU GOZDNE VEGETACIJE V
KRNICAH DVEH ALPSKIH DOLIN V JULIJSKIH ALPAH
(SEVEROZAHODNA SLOVENIJA)

Igor DAKSKOBLER'

ABSTRACT

Successional stages in the development of forest vegeta-
tion in cirques of two valleys in the Julian Alps (NW Slo-
venia)

We investigated different types of vegetation in cirques
of two valleys in the Julian Alps, Zadnjica and Kot, which
develop on slope screes and are heavily influenced by ava-
lanches that occur here every year. Our phytosociological
analysis identified the following shrub-forest developmental
stages: Saliceteum eleagno-purpureae hieracietosum porrifolii
var. Achnatherum calamagrostis, Homogyno sylvestris-Sali-
cetum glabrae, Polysticho lonchitis-Rhamnetum fallacis, Rho-
dodendro hirsuti-Laburnetum alpini, Rhodothamno-Larice-
tum deciduae anemonetosum trifoliae and Rhododendro hir-
suti-Fagetum sylvaticae var. Sorbus chamaemespilus. On un-
consolidated fluvio-glacial deposits in the Kot Valley we
determined the following successional stages: Salicetum ele-
agno-purpurae hieracietosum porrifolii var. Pinus mugo,
Amelanchiero ovalis-Pinetum mugo laricetosum and Rhodo-
dendro hirsuti-Fagetum sylvaticae petasitetosum paradoxi.

Key words: phytosociology, succession, glacial valley,
Julian Alps, Natura 2000, Triglav National Park, Slovenia

http://dx.doi.org/10.3986/fbg0052

1ZVLECEK

Sukcesijske stopnje v razvoju gozdne vegetacije v krnicah
dveh alpskih dolin v Julijskih Alpah (severozahodna
Slovenija)

Raziskali smo razli¢ne oblike vegetacije v krnicah dveh
dolin v Julijskih Alpah, Zadnjici in Kotu, ki nastajajo na
pobo¢nem gruscu in nanje odlocilno vplivajo vsakoletni
snezni plazovi. S fitocenolosko analizo smo lahko prepozna-
li naslednje grmis¢no-gozdne razvojne stopnje: Saliceteum
eleagno-purpureae hieracietosum porrifolii var. Achnatherum
calamagrostis, Homogyno sylvestris-Salicetum glabrae, Poly-
sticho lonchitis-Rhamnetum fallacis, Rhododendro hirsuti-
-Laburnetum alpini, Rhodothamno-Laricetum deciduae ane-
monetosum trifoliae in Rhododendro hirsuti-Fagetum sylvati-
cae var. Sorbus chamaemespilus. Na nesprijetih re¢no-
ledenisko nanosih v dolini Kot pa smo ugotovili naslednje
sukcesijske stopnje: Salicetum eleagno-purpurae hieracieto-
sum porrifolii var. Pinus mugo, Amelanchiero ovalis-Pinetum
mugo laricetosum in Rhododendro hirsuti-Fagetum sylvaticae
petasitetosum paradoxi.

Kljucne besede: fitocenologija, sukcesija, ledeniska doli-
na, Julijske Alpe, Natura 2000, Triglavski narodni park,
Slovenija
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1 INTRODUCTION

In recent years, successional processes and develop-
ment of forest vegetation in Alpine valleys in Slovenia
were studied in particular by M. Zupancic¢ and collab-
orators (ZUPANCIE & ZAGAR 2009, ZUPANCIE, SKUMA-
VEC & MIHORIC 2017) as well as several geographers
(LovRENCAK 2002, BLATNIK & REPE 2013, GERSIC et
al. 2014). On our sporadic visits to the mountains
through the Alpine valleys of Zadnjica in Trenta and
Kot in the Upper Sava Valley (both in the Triglav Na-
tional Park) our attention was drawn to different types

of vegetation on slope screes and alluvial fans in their
cirques, where annual avalanche activity is obviously
one the main ecological factors. The human impact on
the natural processes can be seen only in Zadnjica (the
vicinity of a marked mountain trail) and is insignifi-
cant in the gable end of the Kot Valley (above the Ko-
tarica falls). We made a phytosociological inventory of
these, spatially relatively well-delimited shrub and for-
est communities and tried to classify them into a syn-
taxonomic system.

2 METHODS

The vegetation of gable ends of the Zadnjica and Kot
valleys was inventoried using the Central-European

method (BRAUN-BLANQUET 1964). A total of 28 relevés
(Figure 1) were entered into the FloVegSi database (T.

Figure I: Research area with approximate localities of investigated stands (yellow circles: stands on slope screes, red circles:

stands on fluvio-glacial deposits)

Slika 1: Raziskovano obmocje s pribliznimi nahajalis¢i preucenih sestojev (rumeni krogci: sestoji na pobocnem gruscu, rdeci

krogci: sestoji na recno-ledniskih nanosih)
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SELISKAR, VRES & A. SELISKAR 2003). The relevés were
arranged in two tables. Those on slope screes in the
cirques of Zadnjica and Kot (above the Kotarica falls)
and the relevés on gravelly plains in the upper part of
Kot (Klin) were analysed separately. They were mutu-
ally compared by means of hierarchical classification,
using the (unweighted) average linkage - UPGMA
method with Wishart’s similarity ratio. For this pur-
pose, we transformed combined cover-abundance val-
ues into ordinal values 1- 9 (van der MAAREL 1979).
We used SYN-TAX 2000 (Popant 2001) software
package. The nomenclatural source for the names of
vascular plants is MARTINCIC & al. (2007), except for
Sesleria caerulea (AESCHIMANN et al. 2004b). MARTIN-
¢1¢ (2003, 2011) is the nomenclatural source for the
names of mosses and SuppaN et al. (2000) for the
names of lichens. The nomenclatural source for the
names of syntaxa are SiLc & CARNI (2012), except for
the name of the class Querco-Fagetea Braun-Blanquet
et Vlieger in Vlieger 1937.

2.1 Ecological description of the study area

Both cirques, in Zadnjica and Kot, have a predomi-
nantly shady aspect (northeast and partly northwest);
parent material is unconsolidated moraine (till) and
above all slope screes (JURKOVSEK 1987 a, b). The ele-
vation of both cirques is similar, spanning 1000 to
1300 m. There are no significant differences in the pre-
cipitation volume either, with the average exceeding
2000 mm (B. ZurANCIC 1998), a large portion of which
falls as snow. The mean annual temperature is similar
too, ranging between 4 and 6 °C (CEGNAR 1998), with
the Zadnjica Valley still showing some sub-Mediterra-
nean influence. In recent decades the area has seen a
distinctly downward trend in precipitation and higher
average temperatures (DoLINAR 2018). Both cirques
have a characteristically cold local climate and over
the winter they receive snow avalanches from their
rock walls or steps (VoLk BAHUN, ZORN & PAVSEK
2018). The soil is therefore very shallow, partly collu-
vial and undeveloped, lithosol and moder rendzina.

3 RESULTS AND DISCUSSION

3.1 Phytosociological analysis of the shrub-for-
est vegetation sequence on slope screes in the
avalanche area in the gable end of the Zadnjica
and Kot valleys

Table 1 comprises 22 relevés of stands on slope
screes that grouped by floristic similarity as indicated
in Figure 2.

In Table 1 we arranged the relevés by taking into
account the dominant species of the highest stand
layer, which means that our classification does not
fully follow the results of hierarchical classification.
The most unique form, the community of red and grey
willow (Salicetum eleagno-purpureae hieracietosum por-
rifolii var. Achnatherum calamagrostis) with Achnathe-
rum calamagrostis, Athamanta cretensis and Petasites
paradoxus dominating the herb layer, was found only
along a small torrential brook running from under the
waterfall in the Kanjavec rock face down the slope scree
until it sinks (relevé 1in Table 1).

Open Rhamnus fallax shrub stands were found
only in the gable end of Kot, on rather coarse and not
entirely consolidated gravel - relevés 35 in Table 1. In
terms of species composition they obviously belong to
the association Polysticho lonchitis-Rhamnetum fallacis,
which was described a few years ago (DAKSKOBLER,
FrRANZ & RozMAN 2013) and is more frequent in the

Slovene Alps than previously thought (see also Bra-
TNIK & REPE 2013). In recent years it was spotted, but
not yet inventoried, also in the Krma Valley. The dom-
inant shrub layer species in one of the Rhamnus fallax
stands in the gable of Kot (relevé 2 in Table 1) is Salix
glabra, and this stand could be classified also into the
association Homogyno sylvestris-Salicetum glabrae
(comp. DAKSKOBLER & SURINA 2017). Similarly, larch
dominated the highest stand layers only in the gable
end of Kot, on one location on fully consolidated grav-
el. Its initial stand (relevé 6 in Table 1) can be classified
into the association Rhodothamno-Laricetum. Al-
though Anemone trifolia was not found in the recorded
stand, based on the whole floristic composition it
should be classified into the subassociation anemone-
tosum trifoliae, which is characterised by abundant Se-
sleria caerulea in the herb layer (comp. DAKSKOBLER,
SELISKAR & RozMAN 2018: 259)

Most relevés on the left side of the dendrogram in
Figure 2, i.e. relevés in the central part of Table 1, char-
acterise pioneer shrub communities with Laburnum
alpinum dominating the highest stand layer. Labur-
num alpinum is a south-European montane species
distributed across most of the Alps (except the North-
eastern and partly Central Alps), in the south and cen-
tral Jura, the north and central Apennines, the Car-
pathians and the Dinaric Alps (AESCHIMANN et al.
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2004a, BRUs 1999, 2005). It occurs on calcareous, mixed
and silicate bedrock, in the colline, montane and partly
the subalpine belt, mainly on beech forest sites. As a
shade-tolerant species it frequently occurs in the lower
tree and shrub layer, and establishes itself as a pioneer
in windthrow and landslide areas, and on erosion
slopes. Figure 3 shows its distribution in Slovenia.
Laburnum alpinum is the most frequent in the
stands of associations Arunco-Fagetum, Ostryo-Fage-
tum, Seslerio autumnalis-Fagetum, Lamio orvalae-Fage-
tum, Ranunculo platanifolii-Fagetum, Anemono trifoli-
ae-Fagetum, Homogyno sylvestris-Fagetum, Saxifrago
cuneifolii-Fagetum,  Rhododendro  hirsuti-Fagetum,
Polysticho lonchitis-Fagetum, Luzulo-Fagetum sylvati-
cae, Laburno alpini-Piceetum, Rhodothamno-Larice-

tum, Saxifrago petraeae-Tilietum, Seslerio albicantis-
-Ostryetum carpinifoliae, Fraxino orni-Ostryetum car-
pinifoliae, Rhododendro hirsuti-Ostryetum carpinifoli-
ae, Rhodothamno-Pinetum mugo, Amelanchiero ovalis-
-Pinetum mugo, but it occurs also in several other for-
est and shrub communities (source: FloVegSi database,
T. SELISKAR, VRES & A. SELISKAR, 2003). The highest it
was recorded in the association Rhodothamno-Pine-
tum mugo at 1560 m a.s.l. (pasture Strziskarska Plani-
na under Mt. Poljanski Vrh and Mt. Hohkovbl), in the
association Polysticho lonchitis-Fagetum at 1570 m
(Planinica under Loska Stena rock wall), in the subas-
sociation Anemono-Fagetum laricetosum at 1615 m
(Pod Pec¢mi above the Tamar Valley, under Srednja
Ponca), in the association Rhodothamno-Laricetum at
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Figure 2: Dendrogram of relevés of shrub- and forest communities on slope screes in cirques of Zadnjica and Kot valleys

(UPGMA, similarity ratio)

Slika 2: Dendrogram popisov grmiscnih in gozdnih zdruzb na pobocnem grusc v krnicah dolin Zadnjice in Kota (UPGMA, simi-

larity ratio)

Legend / Legenda

ChLa Carici humilis-Laburnetum alpini nom. prov.
RhLa Rhododendro hirsuti-Laburnetum alpini

RhF Rhododendro hirsuti-Fagetum sylvaticae

PIRf Polysticho lonchitis-Rhamnetum fallacis

HsSa Homogyno sylvestris-Salicetum glabrae

Sep Salicetum eleagno-purpureae hieracietosum porrifolii var. Achnatherum calamagrostis

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019



I. DAKSKOBLER: SUCCESSIONAL STAGES IN THE DEVELOPMENT OF FOREST VEGETATION IN CIRQUES OF TWO VALLEYS

46 47 48 49 50 M1

82 53 B4 B5 Eg A7 583 585 BD B

B2 B3 B4 BS

:._.J.':-"'l. il
; L 1

SLOVENIJA
. Labuimus plpitem

Figure 3: Distribution of Laburnum alpinum in Slovenia, according to the data in the FloVegSi database (authors of the map are

I. Dakskobler, B. Anderle, A. Seliskar and B. Vres)

Slika 3: Razsirjenost vrste Laburnum alpinum v Sloveniji po podatkih v bazi FloVegSi (avtorji zemljevida so 1. Dakskobler, B.

Anderle, A. Seliskar in B. Vres)

1660 m a.s.l. (Skok above Zadnjica under Mt. Triglav;
under the peak Kumlehova Glava above the Suha
Pisnica brook). These are the highest elevations of its
occurrence known to us in the Julian Alps. Brus (1999:
206, 2005: 241) reports that on southern (the warmest,
sunny) slopes this species occurs up to 1900 m a.s.l,
which almost certainly does not refer to the Julian
Alps, but to the Alps in general, (Brus, in litt.). As a
pioneer it establishes itself on windthrow areas, in par-
ticular in stands of associations Anemono trifoliae-Fa-
getum, Ranunculo platanifolii-Fagetum and Rhododen-
dro hirsuti-Fagetum. In the northern part of the Di-
naric Alps we described a successional stage in natural
gaps of montane beech and fir-beech forest as the as-
sociation  Laburno  alpini-Rhamnetum  fallacis
(DAKSKOBLER, FRANZ & RozmAN 2013). In the Jura,
the association Sorbo mougeotii-Laburnetum alpini
Géhu & Géhu-Franck ex Foucault 2012 is described
and designated as the edge shrub community on the
sites of thermo-basophilous beech forests (RICHARD
1968, GEHU & GEHU-FrRANCK 1987, BioNDI, PINZI &
GUBELLINI 2004, Foucauvrr 2012, Theurillat 2019, in

litt.). In the Apennines, a successional stage Geranio
nodosi-Laburnetum alpini Castelli, Biondi & Ballelli
2001 and its subassociation sorbetosum ariae Biondi,
Pinzi et Gubellini 2004 were described on the sites of
beech forests from the association Cardamino kitaibe-
lii-Fagetum sylvaticae (CASTELLI, BIONDI & BALLELLI
2001, BronDpI1, PINZ1 & GUBELLINI 2004).

Our relevés are distinctly different from the shrub
communities in the Jura and the Apennines. The spe-
cies shared with the stands of the association Sorbo
mougeotii-Laburnetum alpini from the Jura are Labur-
num alpinum, Sorbus mougeotii, S. aria, S. chamaeme-
spilus, Salix appendiculata, Fagus sylvatica, Lonicera
xylosteum, Mercurialis perennis, Acer pseudoplatanus,
Polygonatum verticillatum, Fragaria vesca, Rubus idae-
us, Lonicera alpigena and Aconitum lycoctonum s. lat.
The species shared with the stands of the subassocia-
tion Gerenio nodosi-Laburnetum alpini sorbetosoum
ariae from the Apennines are Laburnum alpinum, Sor-
bus aria, Rhamnus fallax, Mercurialis perennis, Fagus
sylvatica, Solidago virgaurea, Hepatica nobilis, Carex
digitata, Ostrya carpinifolia, Fragaria vesca, Thalic-
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trum aquilegiifolium, Euonymus latifolia, Galium
album and Hypericum montanum. Despite the listed
species that they have in common, the studied Labur-
num alpinum community from the Julian Alps differs
from its communities from the Jura and the Apen-
nines mainly with the presence of distinctly frigophi-
lous species characteristic for subalpine beech, larch,
spruce and dwarf pine communities, such as Rhodo-
dendron hirsutum, Polystichum lonchitis, Pinus mugo,
Clematis alpina, Homogyne sylvestris, Picea abies and
Larix decidua. Most of the stands with dominating La-
burnum alpinum in the highest layer are therefore clas-
sified into the new association Rhododendro hirsuti-
-Laburnetum alpini. Its nomenclatural type, holotypus,
is relevé 16 in Table 1. The diagnostic species of the
new association are Laburnum alpinum, Rhododen-
dron hirsutum, Polystichum lonchitis, Pinus mugo,
Gymnocarpium robertianum, Clematis alpina, Homo-
gyne sylvestris, Larix decidua, Sorbus chamaemespilus
and Salix appendiculata and its phytogeographical dif-
ferential species are Rhodothamnus chamaecistus,
Cyclamen purpurascens and Anemone trifolia. The
listed species characterise cold, stony sites where beech
can still establish itself in favourable conditions (ab-
sence of avalanches), as manifested by the entire spe-
cies composition. The new association is thus classified
into the alliance Aremonio-Fagion, order Fagetalia syl-
vaticae and class Querco-Fagetea (Carpino-Fagetea),
even though it could also be classified into the classes
Erico-Pinetea or Roso pendulinae-Pinetea mugo.

There are several differences between the stands in
the Zadnjica and Kot valleys. The stands in Kot on
moister and coarser gravel are characterised in partic-
ular by a considerable admixture of sycamore maple
(Acer pseudoplatanus), so they are described as a new
subassociation aceretosum pseudoplatani (its nomen-
clatural type is the same as the nomenclatural type of
the new association, relevé 16 in Table 1). The stands in
the gable end of the Zadnjica Valley are mainly situat-
ed on finer gravel, on slightly drier and warmer sites,
and are differentiated by Ostrya carpinifolia and Carex
alba. The nomenclatural type, holotypus, of the new
subassociation ostryetosum carpinifoliae is relevé 11 in
Table 1. The most unique among the relevés of this
subassociation is relevé 14, where the shrub layer is
completely dominated by dwarf pine (Pinus mugo). Al-
though this stand could also be classified into the as-
sociation Amelanchiero-Pinetum mugo, it was included
in the association Rhododendro-Laburnetum alpini,
because in terms of entire species composition it
grouped with other relevés of the latter association.
However, the same cannot apply to relevé 7 in Table 1,
which characterises an open Laburnum alpinum shrub
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on the debris cone under Mt. Zadnjiski Ozebnik. It is
characterised by character scree and stony grassland
species such as Achnatherum calamagrostis, Ade-
nostyles glabra, Calamagrostis varia and Carex humilis.
This stand is tentatively classified into the provisional
association Carici humilis-Laburnetum alpini nom.
prov. and is syndynamically related to the stands of the
association Anemono trifoliae-Fagetum.

The tree layer in the forest stands located on the
edge or at the bottom of the studied glacial cirques, in
areas that are less exposed to avalanches (relevés 19-22
in Table 1), is dominated by beech. The entire species
composition indicates a community on extreme sites,
very similar to beech stands on the upper forest line,
classified into the association Polysticho lonchitis-Fage-
tum. Also possible is classification into the association
Rhododendro hirsuti-Fagetum, as these stands com-
prise almost all of the diagnostic species of this asso-
ciation that otherwise characterises beech sites in the
submontane and montane belt up to some 1200 m a.s.L.
Given the elevation of our relevés (under 1200 m) the
latter association is considered more appropriate, but
to demonstrate the similarity with the stands of the
first, Polysticho lonchitis-Fagetum, it is described as a
special altitudinal variant with Sorbus chamaemespilus
(Rhododendro hirsuti-Fagetum var. Sorbus chamaeme-
spilus). In the Julian Alps, this species otherwise char-
acterises communities of the altimontane and subal-
pine belts, and in the (lower) montane belt it is usually
limited to frost hollows. In the stands of the associa-
tion Rhododendro hirsuti-Fagetum in the Julian Alps it
was reported on only a few occasions (see DAKSKOBLER
2003).

From the relevés in Table 1 we can infer the likely
sequence in the development of shrub and forest vege-
tation on slope screes in avalanche areas in cirques of
glacial valleys in the Julian Alps:

Polysticho lonchitis-Rhamnetum fallacis (Homo-
gyno sylvestris-Salicetum glabrae) - Rhododendro hir-
suti-Laburnetum alpini (Amelanchiero-Pinetum mugo)
- Rhododendro hirsuti-Fagetum sylvaticae (Rhodotha-
mno-Laricetum).

3.2 Phytosociological analysis of the sequence
in shrub-forest vegetation on fluvio-glacial de-
posits in the Kot Valley (Klin).

In Table 2 we arranged six relevés made on the
gravelly plain Klin in the upper part of the Kot Valley.
They were mutually compared using hierarchical clas-
sification, which produced the dendrogram in Figure
4.
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Successional development of vegetation in the
upper part of the Kot Valley was studied in detail by
ZUPANCIC, SKUMAVEC & MIHORIC (2017). They deter-
mined and presented with a phytosociological table
the sequence of the following plant communities:

Petasitetum paradoxi — Petasiti-Salicetum purpu-
reo-albae - Calamagrostio variae-Pinetum mugo -
Dryado-Piceetum - Rhodothamno-Pinetum mugo -
Rhododendro-Fagetum — Anemono-Fagetum lycopodie-
tosum.

In this area, i.e. on the gravelly plain under the Ko-
tarica falls, we were interested mainly in beech stands
with hairy alpenrose (Rhododendro hirsuti-Fagetum),
as the findings by ZurPANCIC et al. (ibid.) were new to
the forest vegetation in this part of the Julian Alps. We

inventoried several typical stands and contact commu-
nities of Pinus mugo and Salix eleagnos. Only six rele-
vés, however, are not sufficient to allow us to infer the
right sequence in the development of shrub-forest veg-
etation. Our goal is therefore not to correct or supple-
ment the findings of the much more detailed recent
analysis, but merely to classify our relevés into a syn-
taxonomic system.

Relevé 1 in Table 1 could be classified also into the
association Salicetum eleagno-purpureae. Although a
comparison with the relevés of this community from
the foothills of the Julian Alps, in the Nadiza Valley
(SiLc & Cusin 2000) does indicate some distinct differ-
ences, also with the variant with Petasites paradoxus.
OrioLOo & PoLpINi (2002) classify slightly similar
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Figure 4: Dendrogram of relevés of shrub and forest vegetation on fluvio-glacial gravel sediments in Klin, in the upper part of

the Kot Valley (UPGMA, similarity ratio)

Slika 4: Dendrogram popisov grmiscne in gozdne vegetacije na recno-ledeniskih sedimentih v Klinu v zgornjem delu doline Kot

(UPGMA, similarity ratio)

Legend/ Legenda:

Sep Salicetum eleagno-purpureae hieracietosum porrifolii var. Pinus mugo

AoPm Amelanchiero ovalis-Pinetum mugo laricetosum nom. prov.

RhFpp Rhododendro hirsuti-Fagetum sylvaticae petasitetosum paradoxi
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stands into the montane altitudinal form of the subas-
sociation typicum. There is also a certain similarity
with relevés of the subassociation Salicetum eleagno-
-purpureae hieracietosum porrifolii described by Cusin
& SiLc (2006) on gravel bars of the Soca River near
Bovec. The species that differentiate our relevé against
the relevés published by SiLc & Cusin (2000) and Ori-
oLO & PoLpINI (2002) are in particular Pinus mugo,
Hieracium porrifolium, Rhododendron hirsutum, Rha-
mnus fallax, Salix waldsteiniana, Dryas octopetala, Pri-
mula clusiana and many species of the classes Elyno-Se-
slerietea and Thlaspietea rotundifolii. Some of the diag-
nostic species shared with the stands of the subassocia-
tion -hieracietosum porrifoliiare Hieracium porrifolium,
H. piloselloides, Carduus crassifolius, Biscutella laeviga-
ta, Campanula cespitosa, Silene vulgaris subsp. glareosa,
Achnatherum calamagrostis, Rumex scutatus, Sesleria
caerulea and Dryas octopetala. Our relevé at least slight-
ly resembles also the relevé of the syntaxon Petasiti-Sali-
cetum purpureo-albae (ZUPANCIC, SKUMAVEC & MIHO-
RIC 2017, relevé 2 in the phytosociological table), but
with a significant difference - the dominant species
there is Salix eleagnos and not Salix alba - which is a
result of different site conditions (M. Zupandic, in litt.).
The above comparisons allow us to classify our relevé
into the new variant Salicetum eleagno-purpureae hiera-
cietosum porrifolii var. Pinus mugo var. nov. The differ-
ential species of the new variant are Pinus mugo, Rhodo-
dendron hirsutum, Salix waldsteiniana and Potentilla
clusiana.

Relevés 2 and 3 in Table 2 can be classified into the
association Amelanchiero ovalis-Pinetum mugo, as it
comprises several its diagnostic species, but not Fraxi-
nus ornus and Ostrya carpinifolia. Another option
would be classification into the association Rhodotha-
mno-Pinetum mugo. Given the elevation of occurrence
we prefer (like in the case of similar associations Rho-
dodendro hirsuti-Fagetum | Polysticho lonchitis-Fage-
tum) the dwarf pine community of lower altitudes
(Amelanchiero-Pinetum mugo), indicating its similari-
ty with the stands of the association Rhodothamno-Pi-
netum mugo with the provisional name of the subas-
sociation, laricetosum.

Stands in relevés 4-6 can be classified into the as-
sociation Rhododendro hirsuti-Fagetum sylvaticae, as
they comprise most of its diagnostic species. However,
these stands could also be classified into the associa-
tion Polysticho lonchitis-Fagetum. The species support-
ing this classification is Sorbus chamaemepsilus, so
these stands can also be treated within the already
mentioned altitudinal variant. On the other hand, the
studied stands differ from other previously described
forms of the association Rhododendro hirsuti-Fagetum
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with certain ecological characteristics. The stands of
this association dominate on steep to precipitous shady
slopes, whereas ours were found on levelled terrain
and gravel deposits. Based on the above, they can be
described and typified as a new subassociation Rhodo-
dendro hirsuti-Fagetum sylvaticae petasitetosum para-
doxi subass. nov. The nomenclatural type, holotypus, is
relevé 6 in Table 2. The differential species of the new
subassociation are Petasites paradoxus and Brachypo-
dium rupestre.

3.3 An overview of syntax described or dis-
cussed in the article:

Salicetea purpureae Moor 1958
Salicetalia purpureae Moor 1958
Salicion eleagno-daphnoidis (Moor 1958) Grass 1993
Salicetum eleagno-purpureae Sillinger 1933
-hieracietosum porrifolii Cusin et Silc 2006
var. Pinus mugo var. nov.
var. Achnatherum calamagrostis var. nov.
Querco-Fagetea Br.-Bl. & Vlieg. 1937
Rhamnetali fallacis Fukarek 1969
Seslerio calcariae-Rhamnion fallacis Dakskobler,
Franz et Rozman 2013
Polysticho lonchitis-Rhamnetum fallacis Dakskob-
ler, Franz et Rozman 2013
Fagetalia sylvaticae Pawl. in Pawl. & al. 1928
Aremonio-Fagion (Ht. 1938) Borhidi in Torok, Po-
dani & Borhidi 1989
Rhododendro hirsuti-Laburnetum alpini ass. nov.
hoc loco
-ostryetosum carpinifoliae subass. nov. hoc loco
-aceretosum pseudoplatani subass. nov. hoc loco
Carici humilis-Laburnetum alpini nom. prov.
Rhododendro hirsuti-Fagetum sylvaticae Accetto ex
Dakskobler 1998
-petasitetosum paradoxi subass. nov. hoc loco
Vaccinio-Piceetea Br.-Bl. in Br.-Bl, Sissingh et Vlieger
1939
Piceetalia excelsae Pawlowski in Pawlowski et al. 1928
Erico-Pinion mugo Leibundgut 1948
Rhodothamno-Laricetum deciduae Willner et Zuk-
rigl 1999
-anemonetosum trifoliae Dakskobler 2006
Erico-Pinetea Horvat 1959
Erico-Pinetalia Horvat 1959
Fraxino orni-Pinion nigrae-sylvestris Zupancic 2007
Helleboro nigri-Pinenion (Horvat 1959) Zupanci¢
2007
Amelanchiero-Pinetum mugo Minghetti in Pe-
drotti 1994



I. DAKSKOBLER: SUCCESSIONAL STAGES IN THE DEVELOPMENT OF FOREST VEGETATION IN CIRQUES OF TWO VALLEYS

-laricetosum nom. prov.
Rhododendro hirsuti-Ericetea carneae Schubert et al.
2001
Rhododendro hirsuti-Ericetalia carneae Grabherr,
Greimler et Mucina 1993

Ericion carneae Riubel ex Grabherr, Greimler et
Mucina 1993
Homogyno sylvestris-Salicetum glabrae Dakskobler
et Surina 2017

4 CONCLUSIONS

On slope screes and gravel deposits in the gable end of
two glacial valleys in the Julian Alps, in Zadnjica and
Kot (Triglav National Park), we phytosociologically
described several shrub and forest communities whose
development is affected not only by the size, consolida-
tion and moisture level of the gravel, but most deci-
sively by avalanches that occur there every year. Only
two shrub and one forest community were document-
ed with a sufficient number of relevés. Stands of asso-
ciations Polysticho lonchitis-Rhamnetum fallacis and
Amelanchiero ovalis-Pinetum mugo are new to the Kot
Valley. We described a new association Rhododendro
hirsuti-Laburnetum alpini, which belongs to the group
of shrub-forest communities of the montane-subalpine
belt (Rhododendro hirsuti-Sorbetum aucupariae, Rho-
dodendro hirsuti-Salicetum appendiculatae, Rhododen-
dro hirsuti-Betuletum carpaticae, Alno viridis-Sorbe-
tum aucupariae, Calamagrostio arundinaceae-Sorbe-
tum ariae) — comp. DAKSKOBLER, KUTNAR & RozZMAN
(2016) that are a more or less long-term stages on po-
tential beech sites and their occurrence could, although
not necessarily, be associated with human impact or
past activities. In our case, the stands of the new asso-
ciation are a stage in development towards beech forest
on extreme sites in the montane belt classified into the
association Rhododendro hirsuti-Fagetum. The stands
of this association in the gable ends of Zadnjica and

Kot valleys are characterised by their similarity with
stands of the association Polysticho lonchitis-Fagetum
(and are therefore treated as a special altitudinal vari-
ant with Sorbus chamaemespilus). Its form on fluvio-
glacial gravel deposits that can be treated as a new sub-
association petasitetosum paradoxi was found only on
levelled terrain in the Kot Valley. Our findings con-
firm and supplement the findings of ZuraNCIC, SKU-
MAVEC & MIHORIC (2017) on the exceptionally diverse
and fascinating shrub-forest vegetation in the gable
end of the Kot Valley and its substantial biotic value.
Most of this vegetation belongs to Natura 2000 habitat
types: 91KO Illyrian Fagus sylvatica forests (Aremonio-
-Fagion), 4070 Pinus mugo and Rhododendrum hirsu-
tum shrubs (Mugo-Rhododendretum hirsuti) and 9420
Alpine Larix decidua forests. It comprises several pro-
tected (Cypripedium calceolus — also a Natura 2000
species, Gymnadenia odoratissima, G. conopsea, Epi-
pactis helleborine, Dianthus sternbergii, Gentiana clu-
sii, Lycopodium annotinum), endemic (Cerastium sub-
triflorum, Papaver alpinum subsp. ernesti-mayeri = P.
ernesti-mayeri) and rare species (Sorbus mougeotii).
The study area is situated in the inner Triglav National
Park area, so human impact on the development of
vegetation here (other than increased mountaineering
in recent years and human-induced climate changes) is
insignificant.

5 POVZETEK

V zatrepu dveh ledenigkih dolin v Julijskih Alpah, v
Zadnyjici in Kotu (Triglavski narodni park), smo na po-
boc¢nih grusc¢ih in prodnatih nanosih fitocenolosko
opisali ve¢ grmis¢nih in gozdnih zdruzb, na katerih
razvoj poleg velikosti in ustaljenosti ter vlaznosti gru-
$¢a najbolj odlocilno vplivajo predvsem vsakoletni
snezni plazovi. Z zadostnim Stevilom popisov smo v
obeh dolinah dokumentirali le dve grmis¢ni in eno
gozdno zdruzbo. Sestoji asociacij Polysticho lonchitis-
-Rhamnetum fallacis in Amelanchiero ovalis-Pinetum
mugo so novost v dolini Kota. V obeh raziskovanih do-

linah smo nasli sestoje subasociacije Salicetum elea-
gno-purpureae hieracietosum porrifolii, ki smo jo do
zdaj poznali le v Zgornjem Posocju (CusiN & Sirc
2006). Kot novo smo opisali asociacijo Rhododendro
hirsuti-Laburnetum alpini, ki sodi v skupino grmisc-
no-gozdnih zdruzb montansko-subalpinskega pasu
(Rhododendro hirsuti-Sorbetum aucupariae, Rhodo-
dendro hirsuti-Salicetum appendiculatae, Rhododendro
hirsuti-Betuletum carpaticae, Alno viridis-Sorbetum
aucupariae, Calamagrostio arundinaceae-Sorbetum
ariae) — prim. DAKSKOBLER, KUTNAR & RozmAN
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(2016), ki so bolj ali manj dolgotrajen stadij na potenci-
alno bukovih rastis¢ih in je njihov nastanek lahko, ne
pa nujno, povezan tudi s clovekovimi vplivi oz. njego-
vo preteklo dejavnostjo. V nasem primeru so sestoji
nove asociacije razvojna stopnja proti bukovemu gozdu
na skrajnih rastis¢ih v montanskem pasu, ki jih uvr-
$¢amo v asociacijo Rhododendro hirsuti-Fagetum. Za
sestoje te asociacije v zatrepih dolin Zadnjice in Kota je
znacilna podobnost s sestoji asociacije Polysticho lon-
chitis-Fagetum (zato jih obravnavamo kot posebno vi-
Sinsko varianto z vrsto Sorbus chamaemespilus). Samo
v dolini Kot pa smo doslej nasli njeno obliko na recno-
-ledeniskih prodnatih nanosih, na uravnavi, ki jo
lahko vrednotimo kot novo subasociacijo petasiteto-
sum paradoxi. Nasa spoznanja potrjujejo in dopolnju-
jejo ugotovitve ZUPANCICA in sodelavcev (2017) o izre-
dno raznolikem in zanimivem grmis$¢no-gozdnem ra-

stju v zatrepu doline Kot in o njegovi veliki biotski
vrednosti. Vecinsko sodi v evropsko varstveno po-
membne habitatne tipe: 91KO0 Ilirski bukovi gozdovi
(Aremonio-Fagion), 4070 *Rusevje z dlakavim sleCem
(Mugo-Rhododendretum hirsuti) in 9420 Alpski mace-
snovi gozdovi. V njem raste ve¢ zavarovanih vrst
(Cypripedium calceolus - tudi Natura 2000 vrsta,
Gymnadenia odoratissima, G. conopsea, Epipactis hel-
leborine, Dianthus sternbergii, Gentiana clusii, Lycopo-
dium annotinum), endemitov (Cerastium subtriflorum,
Papaver alpinum subsp. ernesti-mayeri = P. ernesti-ma-
yeri) in redkih vrst (Sorbus mougeotii). Ker raziskano
obmodje lezi v strozje varovanem delu Triglavskega na-
rodnega parka, so ¢lovekovi vplivi na tukaj$nji razvoj
vegetacije (z izjemo povecanega obiska planincev v za-
dnjih letih in od ¢loveka povzrocenih podnebnih spre-
memb) majhni.
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Photos / Fotografije (Photo/Foto: I. Dakskobler)

Figure 5: Stand of the syntaxon Salicetum eleagno-purpureae hieracietosum porrifolii var. Achnatherum calamagrostis in the
Zadnjica Valley

Slika 5: Sestoj sintaksona Salicetum eleagno-purpureae hieracietosum porrifolii var. Achnatherum calamagrostis v dolini Zadnjice
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Figure 6: Stand of the syntaxon Rhododendro hirsuti-Laburnetum alpini ostryetosum in the Zadnjica Valley

Slika 6: Sestoj sintaksona Rhododendro hirsuti-Laburnetum alpini ostryetosum v dolini Zadnjice

Figure 7: Stand of the association Polysticho lonchitis-Rhamnetum fallacis in the Kot Valley
Slika 7: Sestoj asociacije Polysticho lonchitis-Rhamnetum fallacis v dolini Kot
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=L ST e i : ; = TN W 5 .
Figure 8: Successional stages of vegetation on slope screes in the gable end of the Kot Valley (from the left to the right): Rhododen-
dro-Laburnetum - Rhodothamno-Laricetum - Polysticho-Rhamnetum - Rhododendro-Laburnetum - Rhododendro-Fagetum
Slika 8: Sukcesijske stopnje rastja na pobocnem gruscu v zatrepu doline kot (od leve proti desni): Rhododendro-Laburnetum
- Rhodothamno-Laricetum - Polysticho-Rhamnetum — Rhododendro-Laburnetum — Rhododendro-Fagetum

Figure 9: Stand of the syntaxon Salicetum eleagno-purpureae hieracietosum porrifolii var. Pinus mugo in the Kot Valley

Slika 9: Sestoj sintaksona Salicetum eleagno-purpureae hieracietosum porrifolii var. Pinus mugo v dolini Kot
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Figure 10: Stand of the syntaxon Rhododendro hirsuti-Fagetum petasitetosum paradoxi in the Kot Valley
Slika 10: Sestoj sintaksona Rhododendro hirsuti-Fagetum petasitetosum paradoxi v dolini Kot
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I. DAKSKOBLER: SUCCESSIONAL STAGES IN THE DEVELOPMENT OF FOREST VEGETATION IN CIRQUES OF TWO VALLEYS

Table 2: Succession of vegetation on fluvial-glacial gravel sediments of the Kotarica in Klin (the Kot Valley), the Julian Alps
Preglednica 2: Sukcesijski razvoj rastja na re¢no-ledeniskih prodnatih nanosih Kotarice v Klinu v dolini Kot, Julijske Alpe

Number of relevé (Zaporedna $tevilka popisa) 1 2 3 4 5 6
Database number of relevé

e . 273197 273196 273194 273191 273190 273192
(Delovna s$tevilka popisa)

Elevation in m (Nadmorska vi$ina v m) 990 990 990 980 990 980
Aspect (Lega) NE NE NE NE NE NE
Slope in degrees (Nagib v stopinjah) 1 1 1 1 1 1
Parent material (Mati¢na podlaga) Gr Gr Gr Gr Gr Gr
Soil (Tla) Li Li Re Re Re Re
Stoniness in % (Kamnitost v %) 60 20 5 5 0 0
Cover in % (Zastiranje v %):

Upper tree layer (Zgornja drevesna plast) E3b 60 60 60
Lower tree layer (Spodnja drevesna plast) E3a 5 10 20 10
Shrub layer (Grmovna plast) E2  20+60 70+20 80 30+30 20420 40+60
Herb layer (Zelis¢na plast) El 30 70 90 90 95 90
Moss layer (Mahovna plast) EO0 20 5 10 5 5

Maximum diameter of trees

(Najvedji prsni premer dreves) om 20 35 35 35

Maximum height of trees m 15 22 20 19

(Najvecja drevesna visina)

Number of species (Stevilo vrst) 50 73 69 54 60 47

Relevé area (Velikost popisne ploskve) m? 100 200 200 400 400 400

Date of taking relevé (Datum popisa) 9/19/2018 9/19/2018 9/19/2018 9/19/2018 9/19/2018 9/19/2018

Locality (Nahajalisce) Kot-Klin Kot-Klin Kot-Klin Kot-Klin Kot-Klin Kot-Klin

Quadrant (Kvadrant) 9549/3 9549/3 9549/3 9549/3 9549/3 9549/3

Coordinate GK'Y (D-48) m 415054 415051 415090 415145 415070 415105

Coordinate GK X (D-48) m 5140955 5140996 5141082 5141160 5141009 5141081

Diagnostic species of the associations (Diagnosti¢ne vrste asociacij) Pr.  Fr.
SP Salix eleagnos E3a . 1 + 2 33
SP Salix eleagnos E2b 1 + . 2 33
SP Salix eleagnos E2a 4 + 2 33
SP Salix eleagnos El 2 1 17
SP Salix purpurea E2b + . . 1 17
TR Petasites paradoxus El 3 + + 1 + + 6 100
EP Pinus mugo E2b + 4 4 . 1 1 5 83
EP Pinus mugo E2a + 1 1 + + 5 83
EP Pinus mugo El + . + 2 33
EP Amelanchier ovalis E2b . + . 1 17
EP Amelanchier ovalis E2a . + r r 3 50
TR Hieracium porrifolium E1 1 1 + . . 3 50
FS Fagus sylvatica E3b . 3 3 4 3 50
ES Fagus sylvatica E3a . . 1 1 . 2 33
FS Fagus sylvatica E2b . + + 1 1 4 67
FS Fagus sylvatica E2a . . + + 1 1 4 67
ES Fagus sylvatica El + + 1 + . + 5 83
FS Laburnum alpinum E3a . + + 1 r 4 67
FS Laburnum alpinum E2b 1 + + 1 + 5 83
FS Laburnum alpinum E2a . + . + 1 + 4 67
EP Rhododendron hirsutum E2a 1 + 3 2 1 6 100
VP Clematis alpina El 1 1 1 3 50
FB Brachypodium rupestre E1 1 1 + 3 50
VP Homogyne sylvestris El + + 2 33
EP Erico-Pinetea

Calamagrostis varia El 1 1 + 2 3 3 6 100

Erica carnea El + 4 4 4 4 4 6 100

Molinia arundinacea El 1 2 4 + 1 1 6 100

Carex alba El . + + 1 2 1 5 83

Euphrasia cuspidata El + 1 1 . 3 50

Rubus saxatilis El . . . 1 1 1 3 50

Allium ericetorum El + + 2 33

Aquilegia nigricans El . + . . + 2 33
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AF

TA

FS

QP

QF

QR

Al
VP

Number of relevé (Zaporedna stevilka popisa)

Asperula aristata
Carex ornithopoda
Polygala chamaebuxus

Rhodothamnus chamaecistus

Crepis slovenica

Gymnadenia odoratissima

Cotoneaster tomentosus
Aremonio-Fagion
Helleborus niger
Cyclamen purpurascens
Anemone trifolia
Rhamnus fallax
Rhamnus fallax
Tilio-Acerion

Acer pseudoplatanus
Acer pseudoplatanus
Acer pseudoplatanus
Acer pseudoplatanus
Acer pseudoplatanus
Fagetalia sylvaticae
Melica nutans

Daphne mezereum
Lonicera alpigena
Galium laevigatum
Euphorbia amygdaloides
Cypripedium calceolus
Mercurialis perennis
Prenanthes purpurea
Galeobdolon flavidum
Dryopteris filix-mas

Quercetalia pubescenti-petraeae

Sorbus aria (Aria edulis)
Sorbus aria (Aria edulis)
Sorbus aria (Aria edulis)
Sorbus aria (Aria edulis)
Querco-Fagetea
Potentilla erecta
Hepatica nobilis

Viola riviniana
Frangula alnus
Vaccinio-Piceetea

Picea abies

Picea abies

Picea abies

Picea abies

Picea abies

Pyrola rotundifolia
Larix decidua

Larix decidua

Larix decidua

Larix decidua

Larix decidua
Vaccinium myrtillus
Vaccinium vitis-idaea
Lonicera nigra

Orthilia secunda
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Number of relevé (Zaporedna stevilka popisa) 1 2 3 4 5 6 Pr. Fr
Abies alba E2a + 1 17
Aposeris foetida El + 1 17
Solidago virgaurea El + . 1 17
Luzula pilosa E1 . . . . . + 1 17
BA Betulo-Alnetea
Salix appendiculata E2b . + + . 2 33
Salix appendiculata E2a 2 . + . + 3 50
Salix appendiculata E1 1 1 17
Juniperus sibirica E2a . . . . r T 2 33
Sorbus chamaemespilus E2a . . + . + + 3 50
Salix waldsteiniana E2a + . 1 17
Salix glabra E2a . + 1 17
MuA Mulgedio-Aconitetea
Polygonatum verticillatum E1 . . . . + . 1 17
Athyrium filix-femina El . . . . . + 1 17
EA Epilobietea angustifolii
Fragaria vesca El . . . + + + 3 50
SSC Sambuci-Salicion capreae, Rhamno-Prunetea
Sorbus aucuparia E3a . + . + . + 3 50
Sorbus aucuparia E2b . . . + . 1 17
Sorbus aucuparia El . . + + + + 4 67
RP Berberis vulgaris E2a . . . . . r 1 17
FB Festuco-Brometea
Buphthalmum salicifolium El + + 1 + + 5 83
Galium lucidum El + + + . + 4 67
Carlina acaulis E1 + + . + 3 50
Cirsium erisithales El + + . 2 33
Hippocrepis comosa E1 1 + 2 33
Prunella grandiflora E1 + 1 . 2 33
Gentianella ciliata El . 1 + 2 33
Festuca rupicola El + . 1 17
Coronilla vaginalis E1 . + 1 17
Stachys recta s. lat. El . + 1 17
Gymnadenia conopsea E1 . . + 1 17
TG Viola hirta E1l . . + 1 17
PaT Poo alpinae-Trisetetalia, Molinio-Arrhenatheretea
MA Angelica sylvestris E1 . + r . . . 2 33
Campanula scheuchzeri El . . . + . . 1 17
Ranunculus nemorosus E1 . . . r 1 17
ES Elyno-Seslerietea
Laserpitium peucedanoides El . + 1 + 1 + 5 83
Dryas octopetala El 1 3 2 + 4 67
Lotus corniculatus s. lat. (L. alpinus) E1 + 1 + . 4 67
Betonica alopecuros El . + 1 1 + 4 67
Aster bellidiastrum El + 1 2 3 50
Carex mucronata El + 1 + 3 50
Globularia cordifolia El + 1 + 3 50
Carex firma El + + 1 . 3 50
Senecio abrotanifolius El + + + 3 50
Scabiosa lucida subsp. stricta El . + 1 + 3 50
Carduus crassifolius El + + . 2 33
Sesleria caerulea El + + 2 33
NS Antennaria dioica El . + + 2 33
CD Tofieldia calyculata El . + + 2 33
Achillea clavenae El + 1 17
Phyteuma orbiculare E1 + 1 17
Globularia nudicaulis El . + 1 17
Thymus praecox subsp. polytrichus El . + . 1 17
Arctostaphylos alpinus El + 1 17
Gentiana clusii El + 1 17
Rhinanthus glacialis E1 + 1 17
Thesium alpinum E1 + 1 17
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PHYTOSOCIOLOGICAL DESCRIPTION OF SITES OF SALVIA
HISPANICA L. (LAMIACEAE) ON RIVERINE GRAVEL TERRACES
IN WESTERN SLOVENIA

FITOCENOLOSKI OPIS RASTISC VRSTE SALVIA HISPANICA
(LAMIACEAE) NA PRODISCIH V ZAHODNI SLOVENIJI

Igor DAKSKOBLER', Urban SILC* & Branko VRES’

ABSTRACT
Phytosociological description of sites of Salvia hispanica
L. (Lamiaceae) on riverine gravel terraces in western Slo-
venia

In late summer and autumn (late August, beginning of
November) of 2018 we observed a mass occurrence (more
than 500 specimens) of Salvia hispanica, commonly known
as chia, on gravel bars of several rivers in western Slovenia
(the Soca and the Sava river basins). It was blooming on
many sites in the first half of November, but low daily tem-
peratures in the second half of the month prevented seed
development. This Central-American (Mexico, Guatemala)
species, which is distributed as a crop also outside its native
range, grew mainly in initial plant communities of riverine
gravel terraces classified into associations Polygono lapathi-
foliae-Salicetum eleagni (described as new), Chaerophyllo-
-Petasitetum officinalis and Bidenti frondosae-Panicetum
barbipulvinati nom. prov. The dominating species in these
associations are perennials or hemicryptophytes (50%) and
annual plants - therophytes (32%). The proportion of alien
species (neophytes) is 22% and the proportion of species
originating in America is 10%. The warmer climate with less
precipitation and less frequent high waters in the last decade,
combined with the fact that chia seeds are a commercially
available food product or an ingredient in various foods (nu-
trients), increases the likelihood of successful seed produc-
tion in chia plants and their distribution in nature. The
threat of Salvia hispanica becoming an invasive species is
therefore serious.

Key words: Chia, alien (adventive) species, plant com-
munites, riverine gravel terraces, syntaxonomy, Slovenia

http://dx.doi.org/10.3986/fbg0053

IZVLECEK
Fitocenoloski opis rasti$¢ vrste Salvia hispanica (Lamiaceae)
na prodi$cih v zahodni Sloveniji

V poznem poletju in v jeseni (druga polovica avgusta-
prva polovica novembra 2018) smo na prodiscih nekaterih
rek v zahodni Sloveniji (povodji Soce in Save) ugotovili
mnozi¢no pojavljanje vrste Salvia hispanica, poznamo jo
pod imenom ¢ija (skupno ve¢ kot 500 primerkov). Na precej
nahajalis¢ih je v prvi polovici novembra tudi cvetela, razvoj
semen pa zaradi bolj hladnih dni v drugi polovici tega mese-
ca ni bil ve¢ mogoc¢. Srednjeameriska vrsta (Mehika, Gvate-
mala), ki je kot kulturna rastlina Ze precej razsirjena tudi
zunaj svoje domovine, je rasla predvsem v inicialnih
zdruzbah prodis¢, ki jih uvr§¢amo v asociacije Polygono la-
pathifoliae-Salicetum eleagni (opisali smo jo kot novo), Cha-
erophyllo-Petasitetum officinalis in Bidenti frondosae-Panice-
tum barbipulvinati nom. prov. V njih ob trajnicah oz. he-
mikriptofitih (50 %) prevladujejo enoletnice - terofiti (32 %).
Delez tujerodnih vrst (neofitov) je 22 %, delez vrst, ki so
doma v Ameriki, pa 10 %. Zaradi toplejsega podnebja z manj
padavinami in redkejsimi visokimi vodami v zadnjem de-
setletju in ker so semena Cije v prosti prodaji ali kot sestavina
razli¢nih zivil (hranil), je ve¢ja moznost za uspesno semen-
itev rastlin in njeno $irjenje v naravi. Obstaja resna nevar-
nost, da bo vrsta Salvia hispanica v prihodnjih letih postala
invazivka.

Kljucne besede: ¢ija, tujerodne vrste, prodisc¢a, rastlin-
ske zdruzbe, Slovenija
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1 INTRODUCTION

The centre of origin of Salvia hispanica (family Lamia-
ceae) is in mountain areas of central and southern
Mexico and Guatemala, in the tropical and subtropical
climate, at elevations between 400 to 2500 m a.s.l. The
plant is intolerant to freezing (frost) in all development
stages. It grows in environments where minimum tem-
peratures rarely drop below 11 °C and the maximum
temperature does not exceed 36 °C, with an optimum
range of 16 to 26 °C. Being a short-day plant (12 to 13
hours), its period of growth and flowering depends on
the latitude of its location. In the Northern Hemi-
sphere chia begins to flower in October. Its seeds were
one of the four staple foods in the diet of Central
American civilizations in the pre-Columbian era (Ba-
GINSKY et al. 2017). Due to the composition of its seeds
(fats, carbohydrates and proteins) — see COSTANTINI et
al. (2014), chia is cultivated not only in both countries
of origin, but also in Paraguay, Bolivia, Colombia,
Peru, Argentina and Australia. Seeds are exported
from Mexico also to the United States of America,
Japan and Europe (BAGINSKY et al. 2017). Chia seed has
been allowed as an ingredient of food products in the
market of the European Union since 2009, or 2013
(Commission Decision 2009/827/EC (2) of 13. 10. 2009;
Commission Implementing Decision of 22. 1. 2013).
More recently, since 2012, certain European countries
have reported its subspontaneous occurrence, in par-
ticular on gravel terraces and ruderal sites (VERLOOVE
2015, VERLOOVE et al. 2018, SAUBERER & TILL 2015,
HoHLa 2016, AYMERICH 2016, KaprLAaN etal. 2018, SHAH

& CoUuLsON 2018, Martini, in litt.). In this articles Salvia
hispanica is mainly considered a casual alien species
that does not form self-sustaining populations in the
natural environment. Experiments in Slovenia several
years ago (2013) in Novo Mesto also demonstrated that
the tested samples of chia did not bloom and produce
seeds, despite vigorous growth (180 cm), which was at-
tributed to photoperiodism, as it is not adapted to the
length of our days (or nights) — Kreft, in litt.

Salvia hispanica was first photographed in Slove-
nia on 23 August 2018 on gravel terraces of the Baca
River near the village of Koritnica (photo I. Daksko-
bler). We identified it as an alien species, a member of
the mint family (Lamiaceae), at the excavation site on a
conglomerate embankment at Tolmin in mid-Septem-
ber 2018 (leg. I. Dakskobler), and determined it when
the plant developed buds (det. B. Vres, 21 October
2018). On the gravel terraces along the Baca, Tolminka
and Soca rivers it flowered in the first half of Novem-
ber 2018 (photo I. Dakskobler), at about the same time
as the specimen collected on the gravel terrace and cul-
tivated at home (photo B. Vres) - DAKSKOBLER et al.
(2018). Its occurrence was monitored simultaneously
with phytosociological research of gravel terraces in
western Slovenia. As phytosociological conditions on
subspontaneous localities of this Central-American
species in Europe have not yet been studied in more
detail, this paper provides an insight into its localities
in Slovenia.

2 METHODS

Vegetation of gravel terraces along the rivers in west-
ern and partly central Slovenia (the Soca, Tolminka,
Idrijca, Baca, Nadiza, Sava Bohinjka, Sava) was studied
applying the BRAUN-BLANQUET (1964) method. The
relevés were entered into the FloVegSi database (Fauna,
Flora, Vegetation and Paleovegetation of Slovenia) of
the Jovan Hadzi Institute of Biology at ZRC SAZU (T.
SELISKAR, VRES & A. SELISKAR 2003) and arranged
into Table 1 based on hierarchical classification. We
transformed the combined cover-abundance values
with numerical values (1-9) according to van der Ma-
AREL (1979). Numerical comparisons were performed
with the SYN-TAX 2000 program package (PoDANI
2001). The relevés were compared by means of “(un-
weighted) average linkage method” - UPGMA, using
Wishart’s similarity ratio. The nomenclatural source
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for the names of vascular plants are the Mala flora Slo-
venia (MFS - MARTINCIC et al. 2007), Flora alpina
(AESCHIMANN et al. 2004a,b) and GaALLASO et al.
(2018). The names of syntaxa follow THEURILLAT
(2004), S1Lc & CARNT (2012) and MuciNa et al. (2016).
In the classification of species into phytosociological
groups (groups of diagnostic species) we mainly refer
to the Flora alpina (AESCHIMANN et al. 2004 a,b). The
geographic coordinates of relevés from Slovenia are de-
termined according to the Slovenian geographic coor-
dinate system D 48 (5th zone) on the Bessel ellipsoid
and with Gauss-Kriiger projection.

The study area is geologically very diverse (BUSER
2009), which is reflected in variegated pebbles, espe-
cially along the Baca and Idrijca rivers (limestone and
dolomite as well as marlstone, chert, claystone, tuff).
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Limestone pebbles dominate along the Soca, Tolmin-
ka, Nadiza and Sava Bohinjka. The climate in the
lower, partly also in the central areas of the Baca and
Idrijca valleys, as well as in the Soca Valley down-
stream from Tolmin, is relatively warm. Mean annual
temperature is (9) 10 -11 °C (CEGNAR 1998). A slightly
lower (9 °C -10 °C) mean annual temperature is along
the Soca between Tolmin and Kobarid, and along the
Nadiza, whereas mean annual temperature in the
stretch along the upper Baca, the Soca between Srpe-
nica and Zaga, and along the Sava Bohinjka between
Soteska and Nomenj is (7) 8 - (8) 9 °C (CEGNAR, ibid.).

Mean annual precipitation volume is 1800 to 3000 mm
(ZupaNCIC 1998). Rivers are torrential and release
large amounts of sediments every year (Baca around
700 m>/ km? of sediments — PauLi¢, 1995). A distinct
absence of previously almost annual heavy rainfall in
spring and autumn months that we have witnessed in
the last decade has led to low water levels and exposed
gravel terraces (DoOLINAR 2018, HRVATIN & ZORN
2018). This became especially obvious in the warm, al-
though not droughty year of 2018, when there was no
substantial rainfall between April and November.

3 RESULTS AND DISCUSSION

3.1 Distribution of Salvia hispanica in Slovenia
and the most frequent accompanying species

The distribution of Salvia hispanica in Slovenia was

determined based on 68 relevés and 7 floristic records
(Figure 1).

46 47 48 48 50 54

82 531 54 55 58 57

The localities are situated at 70 to 480 m a.s.L,, in the
Alpine, pre-Alpine and sub-Mediterranean phytogeo-
graphical region of Slovenia. Most of them are along the
Baca River and along the Tolminka River near Tolmin
(Figure 2).

535551]61 B3 B4 B5

Il

SLOVENIJA

-.Sahui-m

Figure I: Distribution of Salvia hispanica in Slovenia, according the data obtained from September to November 2018
Slika 1: Razsirjenost vrste Salvia hispanica v Sloveniji po podatkih iz obdobja od septembra do novembra 2018
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Figure 2: Localities of Salvia hispanica in western and partly central Slovenia, according to the data in autumn 2018
Slika 2: Nahajalisca vrste Salvia hispanica v zahodni in deloma osrednji Sloveniji, stanje jeseni 2018

Based on the analysis of 68 relevés in Table 1 we can
determine which species occur the most frequently on
the sites of Salvia hispanica. More than 48 relevés (70%
of all relevés) comprise Plantago major s. str., Salix elea-
gnos, Taraxacum sect. Ruderalia, Melilotus albus,
Polygonum mite, P. lapathifolium, Panicum barbipulvi-
natum (P. capillare subsp. barbipulvinatum, syn. P. ri-
parium), Setaria pumila, Artemisia vulgaris, Myosoton
aquaticum, Mentha longifolia s. lat., Saponaria officina-
lis, Sonchus asper, Agrostis stolonifera, Petasites hybridus
and Poa annua. Among a total of 356 determined taxa,
77 (22 %) were alien species or cultivated species that
had escaped from gardens, including 35 (10%) American
species. With the exception of the stretch along the Baca
and Idrijca downstream from the confluence with the
Baca,and in Tolmin (on the gravel below the cemetery at
Sv. Urh and along the Tolminka), the number of chia
specimens detected at individual localities was small
(from one to not more than ten). The total number of
observed plants in the relevés is nevertheless estimated
to be more than 500.
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3.2 Phytosociological description of sites of Sal-
via hispanica in Slovenia

Using hierarchical classification we compared 68 rel-
evés of communities that comprised the studied spe-
cies (Figure 3).

Based on the obtained dendrogram we arranged
the relevés into Table 1. The group of five relevés in the
right part of the dendrogram (Figure 3) and Table 1
stands out the most, with relevé 64 characterising an
open stand of a grey willow shrub community (Salice-
tum eleagno-purpureae) and relevé 65 characterising an
atypical ruderalised community on the embankment of
the Sava River, where the underlying bedrock is ad-
mixed with claystone. Relevés 66 and 67 with dominant
taxa Bidens frondosa and Panicum barbipulvinatum are
classified into the provisional new association Bidenti
frondosae-Panicetum barbipulvinati nom. prov. (Salso-
nion ruthenicae, Digitario sanguinalis-Eragrostietea mi-
noris). Relevé 68 characterises a ruderal community
with dominant Ranunculus repens and Artemisia verlo-
tiorum (Dauco-Melilotion, Artemisietea vulgaris).
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Figure 3: Dendrogram of stands with Salvia hispanica in western and central Slovenia, UPGMA, 1-similarity ratio
Slika 3: Dendrogram sestojev z vrsto Salvia hispanica v zahodni in osrednji Sloveniji, UPGMA, I-similarity ratio

All other relevés characterise initial plant commu-
nities of riverine gravel terraces. So far, in western Slo-
venia phytosociological research of such initial plant
communities has been conducted only for the gravel
terraces along the Soca near Bovec (T. WRABER 1965:
Leontodonti berinii-Chondrilletum; Cu$iN & SiLc 2006:
Salici-Myricarietum), the Nadiza (Cu$in 2001: Epilobio-
-Scrophularietum caninae) and along the Idrijca
(DAKSKOBLER 2010: Chaerophyllo-Petasitetum officina-
lis). PETKOVSEK (1966) described a similar initial com-
munity of gravel terraces and river embankments along
the central and lower courses of rivers in central, eastern
and southwestern Slovenia and classified it into the as-
sociation Calistegio-Salicetum purpureae. In order to
compare the relevés with Salvia hispanica with stands of
the last three associations (initial plant communities on
gravel terraces near Bovecare quite different) we madea
synoptic table (Table 2) comprising the following syn-
taxa (which were named after we had conducted the
comparisons):

PISe Polygono lapathifoliae-Salicetum eleagni, this ar-

ticle, relevés 1-27 in Table 1;

PlSe-Sa Polygono lapathyfoliae-Salicetum eleagni, this
article, relevés 28-38 in Table 1 (relevés from the

Soca Valley between Volarje and Zaga and from
the Sava Bohinjka Valley);

ChPo-Ba Chaerophyllo-Petasitetum officinalis, this ar-
ticle, relevés 39-46 in Table 1 (the upper part of the
Baca Valley from the hamlet Humar to Podbrdo);

PlSe-ne Polygono lapathifoliae-Salicetum eleagni, this
article, relevés 47-54 in Table 1 (atypical relevés
from the valleys of the Soc¢a, Ba¢a, Nadiza and Sava
Bohinjka);

PLSe-To, Polygono lapathifoliae-Salicetum eleagni, this
article, relevés 55-63, initial plant community on
gravel terraces of the Tolminka River near Tolmin;

ESc-Na Epilobio-Scrophularietum caninae, the Nadiza
Valley, CusIN (2001, Table 1);

ChPo-Id Chaerophyllo-Petasitetum officinalis, the Idri-
jca Valley, DAKSKOBLER (2010, Table 1);

CsSp Calystegio-Salicetum purpureae, central and
southeastern Slovenia, PETKOVSEK (1966)

The listed syntaxa were mutually compared using

hierarchical classification, which produced the den-
drogram in Figure 4:
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Figure 4: Dendrogram of various forms of gravel terraces communities in Slovenia (UPGMA, 1-similarity ratio)
Slika 4: Dendrogram razlicnih oblik prodiscnih zdruzb v Sloveniji (UPGMA, 1-similarity ratio)

The comparison shows that gravel site stands with
Salvia hispanica are floristically very different from
the stands of associations Epilobio-Scrophularietum ca-
ninae and Calystegio-Salicetum purpureae. Floristic
similarity with the stands of the association Chae-
rophyllo-Petasitetum officinalis is slightly higher and
this association could also comprise stands along the
upper course of the Bac¢a between Humar and Podbr-
do. While Petasites hybridus usually occurs also in
other relevés, in places even with higher coverage,
other diagnostic species of the association, such as
Chaerophyllum hirsutum, Filipendula ulmaria and Ae-
gopodium podagraria, and in particular the diagnostic
species of the class Mulgedio-Aconitetea, into which
this association is classified (SiLc & CARNI 2012, Mu-
CINA et al. 2016), are very rare. The stands along the
lower course of the Tolminka near Tolmin are the most
initial, but cannot be classified into any of the three
associations described above because they do not com-
prise enough character species of any of said associa-
tions. The analysis by groups of diagnostic species and

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

life forms (Tables 3 and 4) also shows differences be-
tween the compared syntaxa. The proportion of diag-
nostic species of the class Thlaspietea rotundifolii in
the stands of the association Epilobio-Scrophularietum
caninae is about 15%, and only 5% or less in the stud-
ied communities. Initial gravel terraces along the
Nadiza have a significantly smaller proportion - less
than 15% - of ruderal and segetal annuals from classes
Papaveretea rhoeadis (Stellarietea mediae), Sisymbrie-
tea and Digitario sanguinalis-Eragrostietea, whereas
other compared communities always comprise more
than 20% of these species. Characteristic for the stands
of the association Epilobio-Scrophularietum is the ab-
sence of species of the class Bidentetea tripartiti (sum-
mer-annual pioneer vegetation of seasonally flooded
nutrient-rich river alluvia, lacustrine banks and heav-
ily nutrient-loaded anthropogenic habitats of boreo-
temperate Europe and North Africa) and a relatively
high relative proportion of species of dry grasslands
and thermophilous fringe communities (nearly 15%).
In terms of life forms the community is dominated by
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hemicryptophytes (almost 60%), whereas the propor-
tion of therophytes is smaller than in any other com-
pared community.

Characteristically, stands of the association Chae-
rophyllo-Petasitetum officinalis in the Idrijca Valley
have comparatively the highest proportion of species
of classes Bidentetea and Filipendulo-Convolvuletea
(semi-natural fringe vegetation on banks of rivers and
other water bodies of temperate Europe and the Medi-
terranean), and comparatively the highest proportion
of species of the class Mulgedio-Aconitetea and alli-
ances Tilio-Acerion and Alnion incanae. In terms of life
forms this community comprises comparatively the
highest proportion of geophytes.

Stands of the association Calystegio-Salicetum pur-
pureae comprise a very small proportion of scree spe-
cies of the class Thlaspietea rotundifolii and its lower
syntaxonomic units; also relatively small is the propor-
tion of species of the class Papaveretea rhoeadis (Stella-
rietea mediae), whereas comparatively the highest is
the proportion of species of classes Salicetea purpure-
ae, Artemisietea vulgaris, Galio-Urticetea and in par-
ticular of classes Filipendulo-Convolvuletea and Phra-
gmiti-Magnocaricetea, and order Agropyretalia inter-
medio-repentis. Compared to our relevés, life forms
comprise a slightly higher proportion of hemicrypto-
phytes and a slightly smaller proportion of thero-
phytes.

The studied gravel bar communities in which Sal-
via hispanica germinated and flowered in late summer
and autumn 2018 are characterised by a predominat-
ing proportion of ruderal and segetal annuals and tall
herbs of ruderal and semi-ruderal sites on nutrient-
rich soil and a relatively small proportion of species
characteristic for gravel terraces of mountain rivers.
The predominating life forms are hemicryptophytes
and therophytes. Pebbles in the studied gravel terraces,
in particular those along the Baca River, are often
mixed with sand. This is partly due to the geological
composition of the area where this river flows, i.e. fre-
quent admixtures of claystones, marlstone and chert in
the predominantly calcareous bedrock, and partly due
to the anthropogenic impact on the river course and
partial transformation of the river bed that started al-
ready 120 years ago with the construction of the rail-
way line and continued to the present day with various
interventions, including construction of embankments
and small hydroelectric power plants.

Analyses and comparisons that have been con-
ducted demonstrate the complexity of classification of
the studied communities into a syntaxonomic system.
In terms of development, in favourable conditions the
community of grey and red willow (Salicetum eleagno-

-purpureae) develops on these gravel terraces. It is
marked by the presence of saplings and in places also
low shrubs of grey willow (Salix eleagnos), partly also
red willow (Salix purpurea) and black poplar (Populus
nigra). If, for already stated reasons, the community is
not named after the butterbur (Petasites hybridus), pri-
ority should be given to the species that can form the
next development stage, even though that stage fre-
quently does not develop. In the studied community it
is the willows and black poplar that indicate at least a
probability of higher permanence. However, at the
same time we also have to take into consideration a
frequently transitory nature of the studied community,
which is a result of the weather conditions and occa-
sionally also of direct human interventions. One of the
species that are common in the studied gravel terraces,
both in terms of constancy and medium coverage, and
manifest this transitory nature is Polygonum lapathifo-
lium. Tt is a character species of the class Bidentetea. In
the studied community it indicates nutrient-rich grav-
el terraces and its seasonal, late summer-autumn peak
of development.

In terms of site ecology (gravel deposits and river
banks), the studied gravel bar communities are rather
similar to those classified by PETKOVSEK (1966) into
the association Calystegio-Salicetum purpureae. The
species he identified as character species and are fre-
quent in our relevés include Saponaria officinalis,
Rubus caesius, Solanum dulcamara and Agrostis stolo-
nifera, partly also Lycopus europaeus, whereas Typhoi-
des arundinacea (Phalaris arundinaceae), Calystegia
sepium and Anthriscus sylvestris are very rare and Sile-
ne baccifera (Cucubulus baccifer) completely absent.
PeTkOVSEK (ibid.) classified his association into the
class Bidentetea. A character species of this class that is
common to both communities is Polygonum mite, but
Polygonum lapathifolium and Bidens frondosa are miss-
ing in Petkovsek’s relevés, while Bidens tripartita is
missing in ours. Frequent in both compared commu-
nities are also Polygonum persicaria, Erigeron annuus,
Chenopodium album, C. polyspermum, Urtica dioica,
Artemisia vulgaris, Myosoton aquaticum, Conyza cana-
densis, Agropyron repens, Galeopsis pubescens, Solidago
gigantea, Impatiens glandulifera, Scrophularia canina,
Microrrhinum minus, M. littorale, Tanacetum vulgare
and Equisetum arvense. Both communities also com-
prise certain willows, with Salix eleagnos much more
frequent in our relevés and Salix purpurea in
Petkovsek’s. Populus nigra is absent in his relevés,
whereas our relevés are without Salix fragilis and S.
alba as well as Alnus glutinosa. Some species diagnostic
for our community are missing in Petkovsek’s relevés,
such as Petasites hybridus, P. paradoxus, Silene vulgaris
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and Scrophularia nodosa, as well as certain very fre-
quent species such as Mentha longifolia, Barbarea vul-
garis, Brachypodium sylvaticum, Plantago lanceolata, P.
major, Solanum nigrum, Taraxacum sect. Ruderalia,
Sonchus asper, Poa annua, Cerastium sylvaticum, Medi-
cago lupulina, Galium mollugo, Leontodon hispidus,
Daucus carota, Rumex obtusifolius, Cirsium oleraceum,
Epilobium parviflorum, Verbascum thapsus, Ballota
nigra, Geranium robertianum and several others,
whereas Echinocystis lobata, Lysimachia vulgaris and
Gratiola officinalis are missing in our relevés. Due to
low floristic similarity our stands cannot be classified
into the association Calystegio-Salicetum purpureae,
despite similar ecology and certain shared species.

We therefore decided to describe a new association
Polygono lapathifoliae-Salicetum eleagni, into which
we classify communities rich in (semi)ruderal and
segetal annuals and tall herbs on relatively nutrient-
rich gravel terraces along the middle course of moun-
tain rivers that are a successional stage towards shrub
communities of willows and black poplar (Salicetum
eleagno-purpureae, Salicetum albae). The diagnostic
species of the new association are Salix eleagnos,
Polygonum lapathifolium, Myosoton aquaticum, Petasi-
tes hybridus, Agrostis stolonifera, Melilotus albus,
Scrophularia nodosa, Solanum dulcamara, Silene vulga-
ris and Petasites paradoxus. They indicate a transition-
al form of gravel bar communities between the stands
of associations Epilobio-Scrophularietum caninae and
Chaerophyllo-Petasitetum officinalis, and demonstrate
a significant ecological, and to a lesser extent floristic
similarity with stands of the association Calystegio-Sa-
licetum purpureae. The nomenclatural type of the new
association, holotypus hoc loco, is relevé 5 in Table 1.

The new association can be classified into two dif-
ferent higher syntaxonomic units. In terms of site char-
acteristics, this is the vegetation of gravel terraces of
mountain rivers and could therefore be classified into
the alliance Epilobion fleischeri (syn. Salicion incanae),
order Epilobietalia fleischeri and class Thlaspietea ro-
tundifolii. The problem with such classification is that
most of the diagnostic species of the alliance and order
are either very rare in the studied community or have
not been recorded at all. Another option is to consider
the entire species composition of the community and
the predominating proportion of species that belong to
various types of anthropogenic vegetation. We propose
a new alliance Polygono miti-Salicion eleagni all. nov.
(initial communities of nutrient-rich gravel terraces
along the middle and lower course of mountain rivers
with willows and short-lived annuals) into which we
classifyalso theassociation Calystegio-Salicetum purpu-
reae Petkovsek 1966. Diagnostic species of the new alli-

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

ance are Salix eleagnos, Salix purpurea, Polygonum mite,
P. lapathifolium, P. persicaria, Diplotaxis tenuifolia, Ar-
temisia vulgaris, Galeopsis pubescens, Myosoton aquati-
cum and Saponaria officinalis. The new alliance is clas-
sified into the order Convolvuletalia sepium and class
Epilobietea angustifolii. According to the analysis of
groups of diagnostic species such classification is more
appropriate than classification into the class Bidentetea.
The nomenclatural type of the new alliance, holotypus
hocloco, istheassociation Polygono lapathifoliae-Salice-
tum eleagni.

3.3 Review of the studied syntaxa

Digitario sanguinalis-Eragrostietea minoris Mucina,
Lososova et Silc in Mucina et al. 2016
Eragrostietalia J. Tx. ex Poli 1966
Salsolion ruthenicae Philippi ex Oberd. 1983
Bidenti frondosae-Panicetum barbipulvinati nom.
prov.
Artemisietea vulgaris Lohmeyer et al. in Tx. Ex von
Rochow 1951
Omnopordetalia acanthii Br.-Bl. et Tx. ex Klika et
Hadac 1944
Dauco-Melilotion GoOrs ex Rostanski
1971
Ranunculus repens-Artemisia verlotiorum commu-
nity prov.
Epilobietea angustifolii Tx. et Preising ex von Rochow
1951
Convolvuletalia sepium Tx. ex Moor 1958
Poygono miti-Salicion eleagni all. nov.

Polygono lapathifoliae-Salicetum eleagni ass. nov.
Mulgedio-Aconitetea Hadac et Klika in Klika et Hada¢
1944

Petasito-Chaerophylletalia Morariu 1967
Petasition officinalis Sillinger 1933
Chaerophyllo-Petasitetum officinalis Kaiser 1926
Salicetea purpureae Moor 1958
Salicetalia purpureae Moor 1958
Salicion eleagno-daphnoidis (Moor 1958) Grass 1993
Salicetum eleagno-purpureae Sillinger 1933

et Gutte

3.4 Assessment of invasiveness of Salvia hispani-
ca in Slovenia

The plants we saw flowering in 2018 were unable to
successfully develop seeds. The abundant occurrence
of Salvia hispanica on gravel terraces of rivers in west-
ern Slovenia may be at least partly attributed to weath-
er conditions (very warm autumn, low water levels).
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Many foods and foodstuffs used in Slovenia already
comprise chia seeds and these have obviously made
their way to nature.

Two predictions can be made:

- Salvia hispanica will occasionally occur on gravel
terraces and similar ruderal sites, gravelly and talus
slopes and embankments, in the colline and submon-
tane belt, but the population will not persist in the
same localities for consecutive years.

- Gradually, a stable population will develop that
will be able to successfully complete the entire devel-
opment cycle on certain localities. As a result, chia will
invade riverine plant communities, not only on gravel
terraces, but also on embankments and in open gaps in
riverine stands as well as on other ruderal and segetal
sites in the colline and submontane belt.

4 CONCLUSIONS

The Central-American species Salvia hispanica (Mexi-
can chia) is a crop whose seeds are used in certain foods
that have become popular and freely available in recent
years also throughout Europe. In recent years, several
European countries have reported its subspontaneous
occurrence on ruderal sites, embankments and river
gravel terraces. In Slovenia it germinated, grew and even
flowered in late summer and autumn of 2018 quite abun-
dantly (atleast 500 specimens), mainly on gravel terraces
along the middle and lower course of torrential moun-
tain rivers in western, and partly the central part of the
country, and completed its development cycle (except for
seeds) in the period between mid-August and mid-No-
vember. The weather conditions were extremely favour-
able, with warm autumn, little rainfall and very few days
with temperatures near frost. Salvia hispanica was, in
particular along the Baca River, one of the most constant
species in the relatively nutrient-rich gravel bar commu-
nity that we classify into the association Polygono la-
pathifoliae-Salicetum eleagni and is a developmental
stage towards the community of grey and red willow (Sa-
licetum eleagno-purpureae). Stands of the association

Polygono lapathifoliae-Salicetum eleagnifrequently com-
prisesalso other short-lived annuals, character species of
various groups of anthropogenic vegetation. These in-
clude a number of alien species, including those consid-
ered invasive in Slovenia (Erigeron annuus, Ambrosia
artemisiifolia, Impatiens glandulifera, Helianthus tubero-
sus, Solidago gigantea, Bidens frondosa, Panicum barbi-
pulvinatum, Buddleja davidii, Senecio inaequidens, Arte-
misia verlotiorum and others). For now, Salvia hispanica
does not have the status of an invasive species in Europe
asitis assumed unable to self-sustain and spread further
into local plant communities. Its occurrence therefore
depends on seeds that are introduced into these commu-
nities via foods in various ways, but always with indirect
human intervention. Based on the phytosociological
analysis of the communities in which this Central-
American species grew in western Slovenia in autumn
2018, climate prognoses as well as its increased cultiva-
tion and use, and taking into account possible develop-
ment of adapted genotypes we estimate that the threat of
this species becoming invasive in Central and Southern
Europe is serious.

5 POVZETEK

Srednjeameriska vrsta Salvia hispanica (mehiska cija)
iz druzine Lamiaceae je tudi kulturna rastlina, katere
semena so vsebovana v nekaterih zivilih, ki so v zadnjih
letih v pogosti prodaji in uporabi tudi v Evropi. V za-
dnjih letih v nekaj evropskih drzavah opazajo njeno
subspontano pojavljanje na ruderalnih rastiscih, brezi-
nah in prodiscih rek. V Sloveniji je v poznem poletju in
jeseni 2018 precej mnozi¢no (najmanj 500 primerkov)
vzklila, zrasla in v novembru celo cvetela predvsem na
prodiscih srednjega in spodnjega teka gorskih hudour-
niskih rek v zahodnem in deloma osrednjem delu drza-
ve (Nadiza, Soc¢a, Tolminka, Baca, Idrijca, Sava Bohinj-

ka, Selska Sora, Sava), in ves razvojni cikel (razen semen)
naredila v ¢asu od srede avgusta do srede novembra.
Vremenske razmere so bile zelo ugodne, topla jesen z
malo padavinami in zelo redkimi dnevi s temperatura-
mi blizu slane. Se posebej ob reki Baci je bila v tem letu
enaizmed najbolj stalnih vrst vs hranili razmeroma bo-
gati prodi$¢ni zdruzbi, ki je razvojna stopnja proti
zdruzbi sive in rdece vrbe (Salicetum eleagno-purpure-
ae) in jo uvrs¢amo v novo asociacijo Polygono lapathifo-
liae-Salicetum eleagni. V tej zdruzbi so pogoste tudi
drugekratkozive enoletnice, znacilnicerazli¢nih skupin
antropogene vegetacije. Med njimi je precej tujerodnih
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vrst, tudi take, ki jih v Sloveniji obravnavamo kot inva-
zivke (Erigeron annuus, Ambrosia artemisiifolia, Impati-
ens glandulifera, Helianthus tuberosus, Solidago gigan-
tea, Bidens frondosa, Panicum barbipulvinatum, Bud-
dleja davidii, Senecio inaequidens, Artemisia verlotio-
rum idr.). Nekatere prodis¢ne sestoje, v katerih se poja-
vlja vrsta Salvia hispanica v zgornjem delu doline Bace
med domacijo Humar in Podbrdom in kjer je v zelis¢ni
plasti pogost navaden repuh (Petasites hybridus), uvr-
$¢amo vasociacijo Chaerophyllo-Petasitetum officinalis.
Na dveh krajih, pri soto¢ju Idrijce in Trebusice in ob
Savi priJezici (tam manj ocitno), smo oljno kaduljo (¢ijo)
popisali v zelo vrzelastih grmis¢nih sestojih z vrbami
(Salicetum eleagno-purpureae s. lat.). Pri Tolminu pa
smo jo opazili tudi v bolj ruderalni zdruzbi na izkopu
konglomeratne brezine, v kateri sta prevladovali vrsti
Bidens frondosa in Panicum barbipulvinatum in jo zaca-

sno uvr§¢amo v asociacijo Bidenti frondosae-Panicetum
barbipulvinati nom. prov., in v $e bolj ruderalni zdruzbi
na pescenih tleh, s prevladujocima vrstama Ranunculus
repens in Artemisia verlotiorum.

Vrsta Salvia hispanica za zdaj v Evropi $e nima sta-
tusa invazivke, saj predpostavljamo, da se ni sposobna
sama ohranjati in se naprej $iriti v tukajsnje rastlinske
zdruzbe, torej je njeno pojavljanje vezano na semena,
ki iz zivil na razli¢ne nacine, a vedno s posrednim ¢lo-
vekovim posredovanjem, pridejo vanje. Na podlagi fi-
tocenoloske analize zdruzb, v katerih je jeseni leta 2018
uspevala v zahodni Sloveniji, podnebnih prognoz in
povecane gojitve in uporabe, z moznostjo razvoja pri-
lagojenih genotipov, ocenjujemo, da je resna nevar-
nost, da ta srednjeameriska vrsta v srednji in juzni
Evropi postane invazivna.
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Figure 5: Stand of the association Bidenti frondosae-Panicetum barbipulvinati at Tolmin
Slika 5: Sestoj asociacije Bidenti frondosae-Panicetum barbipulvinati pri Tolminu
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Figure 6: Stand of the association Chaerophyllo hirsuti-Petasitetum officinalis at Podbrdo
Slika 6: Sestoj asociacije Chaerophyllo hirsuti-Petasitetum officinalis pri Podbrdu

Figure 7: Stand of the association Polygono lapathifoliae-Salicetum eleagni at Baca pri Modreju
Slika 7: Sestoj asociacije Polygono lapathifoliae-Salicetum eleagni pri Baci pri Modreju
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Figure 8: Salvia hispanica on gravel bars of Baca at Baca pri Modreju in the first half of November 2018
Slika 8: Oljna kadulja (Salvia hispanica) na prodis¢ih Bace pri Baci pri Modreju v zaletku novembra 2018

142 | FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019



DAKSKOBLER, SILC & VRES: PHYTOSOCIOLOGICAL DESCRIPTION OF SITES OF SALVIA HISPANICA L. (LAMIACEAE)

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019 | 143



DAKSKOBLER, SILC & VRES: PHYTOSOCIOLOGICAL DESCRIPTION OF SITES OF SALVIA HISPANICA L. (LAMIACEAE)

Table 1: Communities with Salvia hispanica in Slovenia
Preglednica 1: Zdruzbe z vrsto Salvia hispanica v Sloveniji

Number of relevé (Zaporedna $tevilka popisa) 1 2 3 4 5 6 7 8 9 10 11 12 13 14
4+ N B O = 0 O A —~ o ¥ o O
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Diagnostic species of the associations (Diagnosticne vrste asociacij)
SP  Fa Salix eleagnos E3a
SP Fa Salix eleagnos E2a . . e
SP  Fa Salix eleagnos Ex1f 1 1 . . 2 1 3 2 4+ 1 2 1 2 2
AV He Melilotus albus E1f 1 . 1 1 1 1 1 1 1 1 1 1 + .
BT  Te Polygonum lapathifolium E1j 1 + 2 1 2 1 + 1 2 2 1 2 1 +
FP  He Myosoton aquaticum E1| 1 111 + 1 + 1 1 . 1 + + +
GU  Ge Petasites hybridus El1| 2 3 2 2 + + 2 1 1 1 2 2 2 3
PP He Agrostis stolonifera El| . + + + + + + + + + + + + +
FS  Ge Scrophularia nodosa El + 1 + 1 1 + + + + + 1 1 . +
Al Ha Solanum dulcamara El| . + + + + + o+ o+ o+ o+ o+ o+
FB  He Silene vulgaris El| + + + + + + + + o+ .
PeP  Ge Petasites paradoxus E1| . + + .+ 1 + + +
FP  Ha Mentha longifolia El 1 + + + 1 + I + 1 1 + + 1
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Number of relevé (Zaporedna stevilka popisa) 1 2 3 5 6 7 8 9 10 11 12 13 14
Mo  He Cirsium oleraceum El + o+ .+ r + o+
Am-N BT  Te Bidens frondosa E1 . + + o+ + o+ o+ o+
Am-N  SM  Te Panicum barbipulvinatum (P. riparium) El + . + . 1 + + + + 1 + . + +
Am-N  FC  Ge Helianthus tuberosus E1 . B
As-E AV He Artemisia verlotiorum E1 . .o+
MA  He Ranunculus repens EL + . . . . . . . . .+ 4+
EF Epilobion fleischeri
He Scrophularia canina E1 . B T S S
As-E Fa Buddleja davidii E1
Te Erucastrum gallicum El
He Hieracium piloselloides El
Ge Equisetum ramosissimum El . P
Stc Stipion calamagrostis
He Calamintha einseleana El . + + + + + + + + + + . . +
Te Microrrhinum litorale E1 . L
He Equisetum variegatum El
Ha Chamaenerion palustre E1 . .oor
He Peucedanum verticillare El
He Achnatherum calamagrostis E1 . e
Te Galeopsis angustifolia El
PeP Petasition paradoxi
He Arabis alpina E1 . L
Ha Gypsophila repens E1 . A T |
He Hieracium porrifolium E1 . P |
He Aquilegia einseleana El
He Aurinia petraea E1
He Campanula cespitosa El
He Cerastium subtriflorum El
He Leontodon hispidus subsp. hyoseroides E1
GA Galeopsietalia segetum
He Epilobium collinum E1 . .oor
TR Thlaspietea rotundifolii
He Hieracium bifidum El
Af-S Ha Senecio inaequidens El
AT Asplenietea trichomanis
He Cymbalaria muralis E1 + . + + . . . . 4+ + +
Te Sedum hispanicum El
He Moehringia muscosa E1 . B
He Sedum album E1 . L.+
He Hieracium glaucum E1l
Ha Micromeria thymifolia E1
MuA Mulgedio-Aconitetea
He Senecio ovatus E1 . P &
He Silene dioica E1 . N A A
Fa Salix appendiculata E1
SP Salicetea purpureae
Fa  Populus nigra E3a
Fa  Populus nigra E2 . s
Fa  Populus nigra E1 . e A
Fa  Salix purpurea E1 . L.+
He Humulus lupulus E1 . A
Fa Salix daphnoides E2a
Fa Salix alba E2a
BT Bidentetea
Te Polygonum mite E1 . .o+ .1 . 1 2 1 2 2 2 1 2
Te Rorippa palustris E1 . L
Te Polygonum hydropiper E1 . e+
SM Papaveretea rhoeadis (Stellarietea mediae)
He Plantago major E1 . + + + 4+ + + 4+ + + 4+ + + 4+
He Taraxacum sect. Ruderalia E1 + 1 1 1 1 2 + 1 1 1 1 I+
Te Sonchus asper El + + 1 1 1 1 + + + + + + 1 +
Te Poa annua E1 + + + + + 1 + + + 1 + +
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Number of relevé (Zaporedna $tevilka popisa) 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Te  Solanum nigrum subsp. nigrum El + o+ I + + 4+ + + + . + +
Am-C,S Te  Solanum lycopersicum El + + 1 + + + o+ o+ o+ .+
Am-N Te Erigeron annuus subsp. annuus El + .+ + o+ Lo+ L+ + o+
Te Microrrhinum minus El + + 1 + + + + + +
Am-§ Te Galinsoga ciliata El . + + . + + + B
Te Polygonum persicaria ET 12 1 1 1 1 + 1 + 1 . + 1 +
Te Stellaria media El + + + + + + .+ + o+
He Cardamine hirsuta E1 + . + .
Te Oxalis fontana E1 . + o+ + o+ o+ .+ o+ o+ .
Te Rorippa sylvestris El + . + + . . + + . + + + + +
AS-Ce Te Veronica persica E1 . T A S
Te Polygonum aviculare El + . + . + . . + + +
Te Capsella bursa-pastoris E1 . R
AM-S Te Galinsoga parviflora El + 1 + + 1 1 + . + + +
Te Senecio vulgaris El . + . . . . . . .+ + +
He Chelidonium majus E1 . R
Am-N Te Helianthus annuus El 1 + 2 2 1 +
Te Sonchus oleraceus E1 . R T
Te Lamium purpureum E1 . e
Med Te Satureja hortensis E1 . R
E-Af Te Guizotia abyssinica E1 . B P
Med Te Matricaria chamomilla El
AS Te  Cucumis sativus E1 . P S e
Am-N Te Cucurbita pepo E1 +
Te Cerastium glomeratum E1 . e
te  Euphorbia helioscopia E1 . R s P
Te Fallopia convolvulus E1 . L
He Mentha arvensis E1 . N
Goj. He Viola x wittrockiana E1 . e
Med Te Beta vulgaris subsp. vulgaris E1 . R
Goj. Te Lactuca sativa El . + +
Goj. Te Linum usitatissimum E1 . R
Am-C,S Te Tagetes erecta El . .+ o+
Am-S He Verbena bonariensis El
Med. Te Calendula officinalis E1
Te Brassica napus subsp. napus El
As-E Te Callistephus chinensis E1 . L
Am-C,S Te Cleome spinosa E1 . P
As-W Te Consolida ajacis El
Te Myosotis arvensis E1
Med Te Papaver rhoeas E1 .
Aus-Nz Te Tetragonia tetragonoides El . ...+
Te Veronica arvensis El
te  Vicia hirsuta E1 . e+
Eu-SE He Antirrhinum majus E1 . e+
Am-§ Te Bidens bipinnata El
Eu-W- med Te Brassica oleracea El
Te Brassica sp. El
He Cichorium sp. El
GE Convolvulus arvensis E1 . e
Med-As-W Te Avena sativa E1 . e
te  Euphorbia platyphyllos E1 . R
Te Galium aparine El
Goj. Te Papaver somniferum E1 . .
As-SW Te Secale cereale El . +
Med Te Sinapis arvensis E1
Te Sonchus asper subsp. glaucescens E1 . L
Te Veronica sp. El
Am-N He Viola sororia El
SI Sisymbrietea
He Diplotaxis tenuifolia El + + . 1 + . 1 . + + + + +
Te Anagallis arvensis E1 . T N
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Am-S

Med-As
Am-N

Am-C,S
EU-S

DE

Am-N
Am-N

Am-N,C
Am-N,C

As-E
Am-N

Med
Am-N
Am-S

As-S

As-S
Am-N

Am-N

AV
Am-C,§

Apen-§

Med

Am-N
Am-N
Eu-se/As

GU

Te

Te
He
he
Te
Te

Te
Te
Te
Te
Te

Te
Te

Te
Te
Te
Te
Te
Te
Te
Te
Te
Te
Te
Te
Te
Te
He
Te
Te
te

Te

Number of relevé (Zaporedna stevilka popisa)

Lactuca serriola
Physalis peruviana
Atriplex patula
Cichorium intybus
Crepis taraxacifolia
Euphorbia lathyris
Geranium purpureum
Lepidium virginicum
Solanum nigrum subsp. schultesii
Datura stramonium
Iberis umbellata
Potentilla norvegica
Sisymbrium officinale

Digitario sanguinalis-Eragrostietea minoris

Setaria pumila

Digitaria sanguinalis
Conyza canadensis
Ambrosia artemisiifolia
Echinochloa crus-galli
Chenopodium album
Chenopodium polyspermum
Amaranthus powellii
Amaranthus cruentus
Digitaria ischaemum
Setaria faberi

Acalypha virginica
Amaranthus blitum (A. lividus)
Euphorbia peplus
Eragrostis cilianensis
Euphorbia marginata
Conyza sumatrensis
Abutilon theophrasti
Amaranthus caudatus
Amaranthus retroflexus
Setaria italica
Euphorbia nutans
Artemisietea vulgaris
Salvia hispanica
Artemisia vulgaris
Rumex obtusifolius
Ballota nigra subsp. meridionalis
Silene latifolia subsp. alba
Tanacetum vulgare
Fallopia japonica
Arctium minus

Dipsacus fullonum
Picris hieracioides
Cerastium tomentosum
Cirsium vulgare

Linaria vulgaris

Melissa officinalis
Mentha spicata

Reseda lutea

Artemisia absinthium
Mentha x villoso-nervata
Oenothera glazioviana
Phytolacca americana
Tanacetum parthenium
Verbascum densiflorum
Galio-Urticetea

Urtica dioica

Geranium robertianum
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As
Am.N
AS-E
As-E
As
Am-N
FP
FC
Am-N
Am-N
EA
PM
IN
Ca
Mo
PP
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Number of relevé (Zaporedna tevilka popisa)

Galeopsis pubescens
Impatiens glandulifera
Solidago gigantea
Impatiens parviflora
Commelina communis
Aethusa cynapium
Aegopodium podagraria
Lamium maculatum
Lapsana communis
Alliaria petiolata
Glechoma hederacea
Impatiens balfourii
Parietaria officinalis
Anthriscus sylvestris
Chaerophyllum sp.
Geum urbanum
Solidago canadensis
Torilis japonica
Filipendulo-Petasition
Symphytum officinale
Lythrum salicaria
Stachys palustris
Convolvuletalia sepium
Saponaria officinalis
Epilobium parviflorum
Epilobium hirsutum
Calystegia sepium
Aster lanceolatus

Aster novi-belgii
Galega officinalis
Epilobietea angustifolii
Eupatorium cannabinum
Verbascum thapsus
Galeopsis speciosa
Atropa bella-donna
Verbascum nigrum
Arctium nemorosum
Fragaria vesca

Stachys sylvatica
Verbascum lanatum

Phragmiti-Magnocaricetea

Veronica beccabunga
Nasturtium officinale
Lycopus europaeus
Typhoides arundinacea
Galium palustre

Veronica anagallis-aquatica

Carex elata
Isoéto-Nanojuncetea
Juncus articulatus
Mentha pulegium
Cyperus fuscus
Calthion, Molinion
Centaurea carniolica
Angelica sylvestris
Scirpus sylvaticus

Myosotis palustris (M. scorpioides)

Potentillo-Polygonetalia
Barbarea vulgaris
Rumex crispus

Verbena officinalis
Carex hirta
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DAKSKOBLER, SILC & VRES: PHYTOSOCIOLOGICAL DESCRIPTION OF SITES OF SALVIA HISPANICA L. (LAMIACEAE)

Number of relevé (Zaporedna stevilka popisa)

He Juncus inflexus

AR Agropyretalia intermedio-repentis
Ge Tussilago farfara
Ge Equisetum arvense
He Agropyron repens
He Poa compressa

MA Molinio-Arrhenatheretea
He Galium mollugo
he Plantago lanceolata
He Leontodon hispidus
Te Daucus carota
He Trifolium pratense
He Achillea millefolium
He Leucanthemum vulgare
He Pastinaca sativa
he Deschampsia cespitosa
He Dactylis glomerata s.str.
Ha Prunella vulgaris
He Trifolium repens
He Ranunculus nemorosus
He Pimpinella major
He Rumex acetosa
He Ranunculus acris
He Vicia cracca
He Lotus corniculatus
He Poa trivialis
He Centaurea jacea
He Cerastium holosteoides
He Lychnis flos-cuculi
He Vicia sepium
He Arrhenatherum elatius
He Bellis perennis
He Leontodon autumnalis
He Potentilla reptans

KC Koelerio-Corynephoretea
Te Echium vulgare
Te Arenaria serpyllifolia agg.
He Cardaminopsis arenosa
He Petrorhagia saxifraga
He Medicago minima

FB Festuco-Brometea
He Medicago lupulina
He Sanguisorba minor
He Buphthalmum salicifolium
He Pimpinella saxifraga
He Brachypodium rupestre
He Campanula rotundifolia
He Centaurea fritschii
He Euphorbia cyparissias
Te Euphrasia stricta
He Galium corrudifolium
He Plantago media
He Salvia pratensis
He Scabiosa triandra
He Stachys recta

TG Trifolio-Geranietea
He Hypericum perforatum (subsp. veronense)
He Verbascum austriacum
He Lathyrus sylvestris
He Astragalus glycyphyllos
He Clinopodium vulgare
He Coronilla varia
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DAKSKOBLER, SILC & VRES: PHYTOSOCIOLOGICAL DESCRIPTION OF SITES OF SALVIA HISPANICA L. (LAMIACEAE)

Number of relevé (Zaporedna $tevilka popisa)
He Digitalis grandiflora
He Inula conyza
He Libanotis sibirica subsp. montana
He Peucedanum venetum
Te Trifolium aureum
He Verbascum lychnitis

SC Sambuco-Salicion capreae
Am-N Fa  Robinia pseudoacacia
Am-N Fa Robinia pseudoacacia
Am-N Fa  Robinia pseudoacacia
As-E Fa  Ailanthus glandulosa (A. altissima)

Fa  Betula pendula
Fa Salix caprea
RP Rhamno-Prunetea
Fa  Cornus sanguinea
NFa Rubus fruticosus agg.
Fa  Berberis vulgaris

Med-As w Fa  Ficus carica
As-E Fa-vzp.Lonicera japonica
Aa-E Nfa Lonicera nitida
Fa Platanus x hispanica
TA Tilio-Acerion

He Cardamine impatiens
Fa  Ulmus glabra
He Aruncus dioicus
He Lunaria rediviva
Al Alnion incanae
NFa Rubus caesius
He Festuca gigantea
Fa  Frangula alnus
Ha Chaerophyllum hirsutum
He Agropyron caninum
Fa Alnus incana
Goj. Fa-vzp Vitis vinifera
Am-N Fa  Acer negundo
Ge Circaea intermedia
te  Impatiens noli-tangere
ES Fagetalia sylvaticae
He Brachypodium sylvaticum
He Salvia glutinosa
He Mycelis muralis
He Myosotis sylvatica agg.
Fa  Carpinus betulus
He Galium laevigatum
He Campanula trachelium
He Carex sylvatica
He Heracleum sphondylium
Ge Circaea lutetiana
Fa Laburnum alpinum
He Ranunculus lanuginosus
Fa  Sambucus nigra
He Viola reichenbachiana
He Aposeris foetida
QP Quercetalia pubescenti-petraeae
He Arabis turrita
He Calamintha sylvatica
Fa  Ostrya carpinifolia
Fa  Ostrya carpinifolia
QF Querco-Fagetea
Fa-vz Clematis vitalba
He Cerastium sylvaticum
Me Moehringia trinervia
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DAKSKOBLER, SILC & VRES: PHYTOSOCIOLOGICAL DESCRIPTION OF SITES OF SALVIA HISPANICA L. (LAMIACEAE)

Fa

Number of relevé (Zaporedna $tevilka popisa)

Ulmus minor

Fa-vzp Hedera helix

Fa
Fa
EP

Corylus avellana
Quercus robur
Erico-Pinetea

Carex ornithopoda
Molinia arundinacea
Aquilegia nigricans
Calamagrostis varia
Chamaecytisus hirsutus
Other species (Druge vrste)
Cerastium sp.

Crepis sp.
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Number of relevé (Zaporedna $tevilka popisa) 45 46 47 48 49 50 51 52 53 54 55 56 57
[\ N o < [N D~ o wn N < N (=3 <

Database number of relevé PR 2IR X B IR QL E S
o . 48 3 8 3 33098 dq

(Delovna $tevilka popisa) NN N NN NN NN NN NN
A4 d Q8 88 8 dddQAaQ

Elevation in m (Nadmorska vi$ina v m) ﬁ 3 E E § § g & § § § § §
Aspect (Lega) 0SSE0O O O 0 SW 0 SW 0 0 SE 0
Slope in degrees (Nagib v stopinjah) 05 0 0 0 0 3 0 0 0 1 0
Parent material (Mati¢na podlaga) Pr Gr Pr Pr Pr Pr Pr Pr Pr Pr Pr Pr Pr
Soil (Tla) FI FI Fl Fl Fl FI Fl Fl FI Fl Fl Fl Fl
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Stoniness in % (Kamnitost v %)
Cover of tree layer in %

(Zastiranje drevesne plasti v %): E3
1 0y
Covel" of s'hrub layer in % . 2 20 10
(Zastiranje grmovne plasti v %):
fherb 1 in 9
Cover of herb layer in % El 60 30 60 30 60 40 35 60 35 80 60 60 35
(Zastiranje zelis¢ne plasti v %):
Number of species (Stevilo vrst) 34 50 77 45 78 43 21 47 47 44 34 51 48
Relevé area (Velikost popisne ploskve) m? 20 20 100 100 100 50 100 200 100 50 50 50 50
22 22T 2R r 2232
S 88§38 38g8g38588<8
, . Q 2 9 8 8 Q@ a a 94 g Q
Date of the relevé (Datum popisa) 2 g g £y § g 3 > g § 3 g g
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T 2 = E Z % 9 2 S & & &
o) o “.L, o & 8 = -8 .= - =
T 3 & EFE 8 S 5 5 &2 4 E E E
5 8 =82 %8 ¢ < B £ 3 35 3
T @ 2 s 56 B B E
£ & 2 5 N
S
a
¥ ¥ g d o d g gD
Quadrant (Kvadrant) 2T T LT ETIR T T ZET T EECE
N I <o} I 2] D~ N N =) e} 0 0 0
(o)} [*)} [o)} [o)} [*)} [e)} [e)} [e)} (=)} [=)} (o)} (o)} (o)}
wn N N o] o — =] — wn [aal (=) N [\
. 22z 3R LB EXIT a2
Coordinate GK 'Y (D-48) m & & % o b h o &6 & F & & O
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Coordinate GK X (D-48) m E E E a El N §1 § = g S o 1
Diagnostic species of the associations (Diagnosticne vrste asociacij)
SP  Fa Salix eleagnos E3a
SP Fa Salix eleagnos E2a . . . . . .+ L.
SP  Fa Salix eleagnos E1 . 1 1 1 1 . + 1 1 1 1 1
AV He Melilotus albus El + 2 + + 1 + + 2 1 +
BT  Te Polygonum lapathifolium E1 + 1 . . . I + 1 + + +
FP  He Myosoton aquaticum E1 . . . . + + + 1 +
GU  Ge Petasites hybridus El1 3 1|1 . + . + o+ o+ .+
PP He Agrostis stolonifera El 1 1|1 + . + +
FS  Ge Scrophularia nodosa El + o+ .+ o+ . +
Al Ha Solanum dulcamara El + + + + + + + o+ .
FB  He Silene vulgaris E1 . . . + + 1 .+ + 0+ o+
PeP  Ge Petasites paradoxus El . . . 1 1 + + o+ . +
FP  Ha Mentha longifolia El + 1 2 1 + o+ o+
Mo  He Cirsium oleraceum El . + . + +
Am-N BT  Te Bidens frondosa El . . 1 + + . +
Am-N  SM  Te Panicum barbipulvinatum (P. riparium) El + + + + + + + + + 2 1 +
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DAKSKOBLER, SILC & VRES: PHYTOSOCIOLOGICAL DESCRIPTION OF SITES OF SALVIA HISPANICA L. (LAMIACEAE)

Am-N FC
As-E AV
MA
EF
As-E
Stc
PeP
GA
TR
Af-S
AT
MuA
SP
BT
SM
Am-C,S
Am-N

Fa
Fa
Fa
Fa
He
Fa
Fa

Te
Te
Te

He
Te
Te
Te

Te

Number of relevé (Zaporedna stevilka popisa)

Helianthus tuberosus
Artemisia verlotiorum
Ranunculus repens
Epilobion fleischeri
Scrophularia canina
Buddleja davidii
Erucastrum gallicum
Hieracium piloselloides
Equisetum ramosissimum
Stipion calamagrostis
Calamintha einseleana
Microrrhinum litorale
Equisetum variegatum
Chamaenerion palustre
Peucedanum verticillare
Achnatherum calamagrostis
Galeopsis angustifolia
Petasition paradoxi
Arabis alpina
Gypsophila repens
Hieracium porrifolium
Aquilegia einseleana
Aurinia petraea
Campanula cespitosa
Cerastium subtriflorum
Leontodon hispidus subsp. hyoseroides
Galeopsietalia segetum
Epilobium collinum
Thlaspietea rotundifolii
Hieracium bifidum
Senecio inaequidens
Asplenietea trichomanis
Cymbalaria muralis
Sedum hispanicum
Moehringia muscosa
Sedum album
Hieracium glaucum
Micromeria thymifolia
Mulgedio-Aconitetea
Senecio ovatus

Silene dioica

Salix appendiculata
Salicetea purpureae
Populus nigra

Populus nigra

Populus nigra

Salix purpurea
Humulus lupulus

Salix daphnoides

Salix alba

Bidentetea

Polygonum mite
Rorippa palustris
Polygonum hydropiper

Papaveretea rhoeadis (Stellarietea mediae)

Plantago major

Taraxacum sect. Ruderalia
Sonchus asper

Poa annua

Solanum nigrum subsp. nigrum
Solanum lycopersicum
Erigeron annuus subsp. annuus
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Number of relevé (Zaporedna stevilka popisa) 45 46 47 48 49 50 51 52 53 54 55 56 57
Te Microrrhinum minus El . + + 1 + + . . . + + .
Am-S Te Galinsoga ciliata El + + + . . . . + + . 1 1 +
Te Polygonum persicaria EL . . . . + . + . 21 + .
Te Stellaria media E1 + . . . . . . . . . + 1 +
He Cardamine hirsuta El . + . . . + . . 4+ . 1 1 +
Te  Oxalis fontana El . . + . + . . . .
Te Rorippa sylvestris ElL . . . . . ...+
AS-Ce Te Veronica persica EL + . . . .+ . . . . 1 1 +
Te Polygonum aviculare El . . . . . . . . . . . .+
Te Capsella bursa-pastoris El . . . . . ...+
AM-S Te Galinsoga parviflora E1 . . . . 4+ o
Te Senecio vulgaris El . . . . . . . . . .+ 4+ +
He Chelidonium majus El . .
Am-N Te Helianthus annuus El . . . . + . . . 4+ +
Te Sonchus oleraceus El . . . . . . . .+ .+ o+ 4+
Te Lamium purpureum El . . . . . ... ..+
Med Te Satureja hortensis El . . . ...
E-Af Te Guizotia abyssinica E1 . . . .+ .. . L.+
Med Te Matricaria chamomilla E1 . . . . . ... L+ 4+
AS Te Cucumis sativus El
Am-N Te  Cucurbita pepo El .
Te Cerastium glomeratum ET . . . . . . . . . . .+
te  Euphorbia helioscopia El
Te Fallopia convolvulus El . . . . . . . . .+
He Mentha arvensis El
Goj. He Viola x wittrockiana 5 T
Med Te Beta vulgaris subsp. vulgaris El . . . . . . . . . .+
Goj. Te Lactuca sativa El
Goj. Te Linum usitatissimum EL . . . . .
Am-C,S Te Tagetes erecta E1 . . . .+
Am-S He Verbena bonariensis El . . . .+
Med. Te Calendula officinalis El
Te Brassica napus subsp. napus E1 . . . . .+ .. .+
As-E Te Callistephus chinensis E1 . . . .+ ..
Am-C,S Te Cleome spinosa E . . . . ...+
As-W Te Consolida ajacis El
Te Myosotis arvensis E1T . . . . .
Med Te Papaver rhoeas El . . . . +
Aus-Nz Te Tetragonia tetragonoides El
Te Veronica arvensis El
te  Vicia hirsuta El
Eu-SE He Antirrhinum majus E1
Am-S Te Bidens bipinnata El
Eu-W- med Te Brassica oleracea El
Te Brassica sp. El
He Cichorium sp. El
GE  Convolvulus arvensis El . +
Med-As-W Te Avena sativa El
te  Euphorbia platyphyllos El
Te Galium aparine El
Goj. Te  Papaver somniferum El
As-SW Te Secale cereale El
Med Te Sinapis arvensis El
Te Sonchus asper subsp. glaucescens El
Te Veronica sp. El
Am-N He Viola sororia El
SI Sisymbrietea
He Diplotaxis tenuifolia E1T . + + + 1 + . . . 1
Te Anagallis arvensis El . +
Te Lactuca serriola El . + . . + . . . . . ..
Am-S He Physalis peruviana 5 e
Te Atriplex patula El
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Med-As
Am-N
Am-C,S
EU-S

DE

Am-N
Am-N

Am-N,C
Am-N,C

As-E
Am-N

Med
Am-N
Am-S

As-S

As-S
Am-N

Am-N

AV
Am-C,S

Apen-§

Med

Am-N

Am-N
Eu-se/As

GU

Am.N

he
Te
Te
Te
Te

Te
Te
Te

He
Te
Te
Te

Number of relevé (Zaporedna s$tevilka popisa)

Cichorium intybus

Crepis taraxacifolia

Euphorbia lathyris

Geranium purpureum

Lepidium virginicum

Solanum nigrum subsp. schultesii
Datura stramonium

Iberis umbellata

Potentilla norvegica

Sisymbrium officinale

Digitario sanguinalis-Eragrostietea minoris

Setaria pumila
Digitaria sanguinalis
Conyza canadensis
Ambrosia artemisiifolia
Echinochloa crus-galli
Chenopodium album
Chenopodium polyspermum
Amaranthus powellii
Amaranthus cruentus
Digitaria ischaemum
Setaria faberi

Acalypha virginica
Amaranthus blitum (A. lividus)
Euphorbia peplus
Eragrostis cilianensis
Euphorbia marginata
Conyza sumatrensis
Abutilon theophrasti
Amaranthus caudatus
Amaranthus retroflexus
Setaria italica
Euphorbia nutans
Artemisietea vulgaris
Salvia hispanica
Artemisia vulgaris
Rumex obtusifolius
Ballota nigra subsp. meridionalis
Silene latifolia subsp. alba
Tanacetum vulgare
Fallopia japonica
Arctium minus
Dipsacus fullonum
Picris hieracioides
Cerastium tomentosum
Cirsium vulgare
Linaria vulgaris
Melissa officinalis
Mentha spicata

Reseda lutea

Artemisia absinthium
Mentha x villoso-nervata
Oenothera glazioviana
Phytolacca americana
Tanacetum parthenium
Verbascum densiflorum
Galio-Urticetea

Urtica dioica

Geranium robertianum
Galeopsis pubescens
Impatiens glandulifera
Solidago gigantea
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AS-E
As-E
As
Am-N
FP
FC
Am-N
Am-N
EA
PM
IN
Ca
Mo
PP
AR
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Number of relevé (Zaporedna $tevilka popisa)

Impatiens parviflora
Commelina communis
Aethusa cynapium
Aegopodium podagraria
Lamium maculatum
Lapsana communis
Alliaria petiolata
Glechoma hederacea
Impatiens balfourii
Parietaria officinalis
Anthriscus sylvestris
Chaerophyllum sp.
Geum urbanum
Solidago canadensis
Torilis japonica
Filipendulo-Petasition
Symphytum officinale
Lythrum salicaria
Stachys palustris
Convolvuletalia sepium
Saponaria officinalis
Epilobium parviflorum
Epilobium hirsutum
Calystegia sepium
Aster lanceolatus

Aster novi-belgii

Galega officinalis
Epilobietea angustifolii
Eupatorium cannabinum
Verbascum thapsus
Galeopsis speciosa
Atropa bella-donna
Verbascum nigrum
Arctium nemorosum
Fragaria vesca

Stachys sylvatica
Verbascum lanatum
Phragmiti-Magnocaricetea
Veronica beccabunga
Nasturtium officinale
Lycopus europaeus
Typhoides arundinacea
Galium palustre
Veronica anagallis-aquatica
Carex elata
Isoéto-Nanojuncetea
Juncus articulatus
Mentha pulegium
Cyperus fuscus
Calthion, Molinion
Centaurea carniolica
Angelica sylvestris
Scirpus sylvaticus

Myosotis palustris (M. scorpioides)

Potentillo-Polygonetalia
Barbarea vulgaris
Rumex crispus

Verbena officinalis
Carex hirta

Juncus inflexus

Agropyretalia intermedio-repentis

Tussilago farfara
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Number of relevé (Zaporedna stevilka popisa) 45 46 47 48 49 50 51 52 53 54 55 56 57
Ge Equisetum arvense EL + . 1 . . . . 4+ . . . ..
He Agropyron repens EL . . . . . .+ . . . .+ +
He Poa compressa E1 . . 4+
MA Molinio-Arrhenatheretea
He Galium mollugo E1 + + + + 1 + .
he Plantago lanceolata El . . + + + + + + + 1
He Leontodon hispidus El 1 + + + o+ o+ + + o+
Te Daucus carota E1 . + + .
He Trifolium pratense El1 + + + + .
He Achillea millefolium El + + +
He Leucanthemum vulgare E1 + . + o+
He Pastinaca sativa El + o+ +
he Deschampsia cespitosa El . . + . . . . . . . . 4+
He Dactylis glomerata s.str. El . . . . .+ . . . . . .+
Ha Prunella vulgaris El . + + . . . . . . . .+
He Trifolium repens El . . + . . . . . 4+
He Ranunculus nemorosus EL . . . . .+
He Pimpinella major El . . . + +
He Rumex acetosa e
He Ranunculus acris E1 . . +
He Vicia cracca El
He Lotus corniculatus E1L . . . . . .+
He Poa trivialis El
He Centaurea jacea El
He Cerastium holosteoides El . . .. L0
He Lychnis flos-cuculi El . . . . . . . . .+
He Vicia sepium El
He Arrhenatherum elatius El
He Bellis perennis El
He Leontodon autumnalis El
He Potentilla reptans El
KC Koelerio-Corynephoretea
Te Echium vulgare El + + . + + + . . . + . . .
Te Arenaria serpyllifolia agg. El . . . . . 4+ . . . .+ + +
He Cardaminopsis arenosa E1 . .+
He Petrorhagia saxifraga E1 . . ...
He Medicago minima E1 . . . . r
FB Festuco-Brometea
He Medicago lupulina El . + + + o+ o+ o+
He Sanguisorba minor E1 . . . . 4+
He Buphthalmum salicifolium El . . . + +
He Pimpinella saxifraga El +
He Brachypodium rupestre El
He Campanula rotundifolia E1 . . .. L
He Centaurea fritschii E . . . . ..+
He Euphorbia cyparissias El . . . +
Te Euphrasia stricta E1l
He Galium corrudifolium El . . . . . . . . .+
He Plantago media El
He Salvia pratensis El
He Scabiosa triandra El . . .
He Stachys recta El . . +
TG Trifolio-Geranietea
He Hypericum perforatum (subsp. veronense) El . . o+ . o+ . . . .+
He Verbascum austriacum E . . . . .+ . . .+
He Lathyrus sylvestris EL . . . . . . . . . 4+
He Astragalus glycyphyllos El
He Clinopodium vulgare El
He Coronilla varia El
He Digitalis grandiflora El
He Inula conyza El
He Libanotis sibirica subsp. montana El
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Number of relevé (Zaporedna $tevilka popisa) 45 46 47 48 49 50 51 52 53 54 55 56 57
He Peucedanum venetum El
Te Trifolium aureum El .
He Verbascum lychnitis El . . . . . . . . .+
SC Sambuco-Salicion capreae
Am-N Fa  Robinia pseudoacacia E3a .
Am-N Fa Robinia pseudoacacia E22a . . . . . . . 1 . +
Am-N Fa Robinia pseudoacacia ET . . . + + . 1 2 +
As-E Fa Ailanthus glandulosa (A. altissima) El
Fa  Betula pendula E1 .
Fa  Salix caprea El1 +
RP Rhamno-Prunetea
Fa  Cornus sanguinea El
NFa Rubus fruticosus agg. E2a
Fa  Berberis vulgaris E1
Med-As w Fa  Ficus carica El
As-E Fa-vzp.Lonicera japonica E2a . . . . . . . . .
Aa-E Nfa Lonicera nitida E2a . . . . . . . . . +
Fa  Platanus x hispanica El
TA Tilio-Acerion
He Cardamine impatiens EL + . . . . . . .+
Fa  Ulmus glabra El . . . . +
He Aruncus dioicus El
He Lunaria rediviva E1
Al Alnion incanae
NFa Rubus caesius El . . + + + . + + .
He Festuca gigantea EL . . . . . + . . +
Fa  Frangula alnus E1 . . . o+ . . .+
Ha Chaerophyllum hirsutum El + . +
He Agropyron caninum El
Fa  Alnus incana ET . . . . r . . .
Goj. Fa-vzp Vitis vinifera El . . . . . . . 4+
Am-N Fa  Acer negundo E1
Ge Circaea intermedia El
te  Impatiens noli-tangere El
ES Fagetalia sylvaticae
He Brachypodium sylvaticum El . . + + . +
He Salvia glutinosa El . + + +
He Mycelis muralis El . . + . . o+ . . . . . .+
He Mpyosotis sylvatica agg. EL . . . . . . ...+
Fa  Carpinus betulus El . . . +
He Galium laevigatum E1
He Campanula trachelium E1 . . +
He Carex sylvatica El
He Heracleum sphondylium El
Ge Circaea lutetiana El
Fa  Laburnum alpinum El . +
He Ranunculus lanuginosus El . . +
Fa Sambucus nigra E1l
He Viola reichenbachiana E1 . . o+
He Aposeris foetida E1
QP Quercetalia pubescenti-petraeae
He Arabis turrita El . . . . +
He Calamintha sylvatica El . . . . . . ...
Fa  Ostrya carpinifolia Ea . . . . . . . . .+
Fa  Ostrya carpinifolia El
QF Querco-Fagetea
Fa-vz Clematis vitalba El . . . + + . . + . 4+ . . 4+
He Cerastium sylvaticum ET + . + . .+ . . . . .+ +
Me Moehringia trinervia E1
Fa  Ulmus minor E1l
Fa-vzp Hedera helix El .
Fa  Corylus avellana El1 . . . +
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Number of relevé (Zaporedna $tevilka popisa) 45 46 47 48 49 50 51 52 53 54 55 56 57
Fa Quercus robur E1
EP Erico-Pinetea
He Carex ornithopoda El
Me Molinia arundinacea El
He Aquilegia nigricans El
He Calamagrostis varia E1
Ha Chamaecytisus hirsutus El
¢} Other species (Druge vrste)
He Cerastium sp. EL . . . . ..
He Crepis sp. EL . . . . . . .+

Legend - Legenda

Pr. Presence (number of relevés in which the species is presented) - $tevilo popisov, v katerih se pojavlja vrsta
Fr. Frequency in % - frekvenca v %

Pr Gravel - Prod

Fl Luvisols - Obrec¢na tla

Te Therophytes - Terofiti

Ha Chamaephytes - Hamefiti

Ge - Geophytes - Geofiti

He Hemicryptophytes - Hemikriptofiti

Hi Hydrophytes - Hidrofiti

Fa Phanerophytes - Fanerofiti

Am American species - ameriska vrsta

Af - African species - afriska vrsta

As - Asian species - azijska vrsta

Med - Mediterranean species - sredozemska vrsta

Go. Cultivated species - gojena vrsta

Aus-Nz Australian and New Zealand species - avstralska in novozelandska vrsta
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Table 2: Synoptic table of initial plant communities on riverine gravel terraces in Slovenia
Preglednica 2: Sintezna preglednica inicialnih prodis¢nih zdruzb v Sloveniji

Successive number (Zaporedna $tevilka) 1 2 3 4 5 6 7 8
Sign for syntaxa (Oznaka zdruzb) PlSe PlSe-Sa PlSe-ne ChPo-Ba PlSe-To ChPo-Id ESc-Na  CsSp
Author (Avtor) 1D 1D 1D ID 1D ID BC VP
Number of relevés (Stevilo popisov) 27 11 8 8 9 9 12 10
Epilobion fleischeri

Scrophularia canina E1 41 100 50 . 33 . 100 40
Buddleja davidii El1 11 45 13 . . . .
Erucastrum gallicum El1 7 55 . . . . 67
Equisetum ramosissimum E1 7 . . . . . .
Hieracium piloselloides El . 27 . . . . 58
Chamaenerion palustre E1 . . . . . . 42
Aethionema saxatile El . . . . . . 8

Stipion calamagrostis

Calamintha einseleana El1 56 64 63 . . . . .
Microrrhinum litorale El1 26 55 13 . . . . 40
Chamaenerion palustre El 4 . 13 13 .
Achnatherum calamagrostis El1 4 50

Galeopsis angustifolia El1 4 . .

Equisetum variegatum El . 18 13 .
Peucedanum verticillare El . . 13 . . . 50
Petasition paradoxi

Petasites paradoxus El 56 91 63 38 33 11 100

Arabis alpina E1 7 18 13 . 33 . .
Gypsophila repens E1 7 18 25 . . . 25
Hieracium porrifolium El 7 . . . . . 25

Aquilegia einseleana E1 . 9 . . . . 17
Cerastium subtriflorum E1 . 9

Leontodon hyoseroides El . 9 . . . . .
Campanula cespitosa E1 . . 13 . . . 17

Aurinia petraea El . . . . 11 . .

Carduus crassifolius El . . . . . . 17
Euphorbia kerneri El . . . . . . 8
Galeopsietalia segetum

Epilobium collinum El 4 . 13

Thlaspietea rotundifolii

Hieracium bifidum E1 . 9 . 13

Senecio inaequidens El . 9 . . 11

Asplenietea trichomanis . . . . .

Cymbalaria muralis E1 33 9 . 25 78

Moehringia muscosa El 4 9 . . 11

Sedum album E1 4 . . . 11

Sedum hispanicum E1 . 18 . . 22

Hieracium glaucum El . . 13 . .

Micromeria thymifolia E1 . . . . 11

Kernera saxatilis El . . . . . . 8
Mulgedio-Aconitetea

Petasites hybridus E1 96 55 63 100 22 100 8

Senecio ovatus E1 19 18 13 13 .

Silene dioica El1 19 . . . 11

Salix appendiculata El . . . 50

Salicetea purpureae

Salix eleagnos E3a . . .

Salix eleagnos E2a . . 13 . . . . .
Salix eleagnos E1 89 91 88 75 89 33 83 20
Populus nigra E2 4 . 13 . . .

Populus nigra E1 41 18 50 . 22 22 . .
Salix purpurea E1 41 45 75 50 11 11 25 60
Humulus lupulus El 7 9 . . . . . 40
Salix daphnoides E2a 4 . . . . . . .
Salix alba E2a . . . . . . . 40
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‘ DAKSKOBLER, SILC & VRES: PHYTOSOCIOLOGICAL DESCRIPTION OF SITES OF SALVIA HISPANICA L. (LAMIACEAE)

Successive number (Zaporedna $tevilka)
Salix fragilis

Bidentetea

Polygonum lapathifolium
Polygonum mite

Bidens frondosa
Polygonum hydropiper
Rorippa palustris

Bidens tripartita
Xanthium italicum
Papaveretea rhoeadis (Stellarietea mediae)
Plantago major
Taraxacum sect. Ruderalia
Sonchus asper

Solanum nigrum subsp. nigrum
Poa annua

Polygonum persicaria
Microrrhinum minus
Oxalis fontana

Solanum lycopersicum
Erigeron annuus subsp. annuus
Stellaria media

Galinsoga ciliata

Rorippa sylvestris
Galinsoga parviflora
Veronica persica
Helianthus annuus
Polygonum aviculare
Cardamine hirsuta
Capsella bursa-pastoris
Senecio vulgaris

Sonchus oleraceus
Guizotia abyssinica
Cucumis sativus
Euphorbia helioscopia
Satureja hortensis
Cucurbita pepo
Chelidonium majus
Mentha arvensis

Fallopia convolvulus
Tagetes erecta

Verbena bonariensis

Beta vulgaris subsp. vulgaris
Lactuca sativa

Vicia hirsuta

Lamium purpureum
Calendula officinalis
Cerastium glomeratum
Cleome spinosa

Papaver rhoeas

Tetragonia tetragonoides
Linum usitatissimum
Veronica arvensis
Antirrhinum majus
Brassica oleracea
Cichorium sp.

Avena sativa

Euphorbia platyphyllos
Galium aparine

Secale cereale

Sonchus asper subsp. glaucescens
Consolida ajacis
Callistephus chinensis

E2

El
El
El
El
El
El
El

El
El
El
El
El
El
E1l
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El
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El
El
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El
E1
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13
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44
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22
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33
89
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11
67
44
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Successive number (Zaporedna $tevilka)

Brassica sp.

Papaver somniferum
Sinapis arvensis
Veronica sp.
Matricaria chamomilla
Brassica napus subsp. napus
Convolvulus arvensis
Viola x wittrockiana
Myosotis arvensis
Viola sororia
Xanthium strumarium
Veronica chamaedrys
Sisymbrietea
Diplotaxis tenuifolia
Anagallis arvensis
Atriplex patula

Crepis taraxacifolia
Cichorium intybus
Geranium purpureum
Lactuca serriola
Euphorbia lathyris
Iberis umbellata
Physalis peruviana
Solanum nigrum subsp. schultesii
Lepidium virginicum
Datura stramonium
Potentilla norvegica
Sisymbrium officinale
Diplotaxis muralis

Digitario sanguinalis-Eragrostietea minoris

Setaria pumila

Panicum barbipulvinatum (P. riparium)

Ambrosia artemisiifolia
Echinochloa crus-galli
Digitaria sanguinalis
Chenopodium album
Conyza canadensis
Chenopodium polyspermum
Digitaria ischaemum
Amaranthus powellii
Setaria faberi

Amaranthus cruentus L.
Amaranthus blitum (A. lividus)
Euphorbia marginata
Conyza sumatrensis
Euphorbia nutans

Abutilon theophrasti
Euphorbia peplus
Eragrostis cilianensis
Acalypha virginica
Amaranthus caudatus
Amaranthus retroflexus
Setaria italica

Setaria viridis

Artemisietea vulgaris
Salvia hispanica

Artemisia vulgaris
Melilotus albus

Rumex obtusifolius

Ballota nigra subsp. meridionalis
Silene latifolia subsp. alba
Tanacetum vulgare
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Successive number (Zaporedna $tevilka) 1 2 3 4 5 6 7 8
Dipsacus fullonum El 11 . 13 . .

Arctium minus E1 7 27 . . . .

Picris hieracioides E1 7 13 . . . 8

Artemisia verlotiorum El 7

Linaria vulgaris El 7

Melissa officinalis E1 7 .

Reseda lutea El 7 . . . . . 25

Fallopia japonica El 4 45 13 . . 11

Mentha spicata El 4 9 .

Cirsium vulgare El1 4 13

Oenothera glazioviana El 4

Phytolacca americana El 4

Verbascum densiflorum El 4

Mentha x villoso-nervata El . 9 .

Tanacetum parthenium El . . . 13 .

Cerastium tomentosum El . . . . 22

Artemisia absinthium El . . . . 11 .

Arctium tomentosum El . . . . . . 25 .
Melilotus officinalis E1 . . . . . . 8 20
Arctium lappa El . . . . . . . 50
Asclepias syriaca El . . . . . . . 20
Humulus scandens (H. japonicus) E1 . . . . . . . 10
Galio-Urticetea

Geranium robertianum E1 70 100 50 38 56 22 92 .
Galeopsis pubescens E1 70 64 50 13 22 . 75 70
Urtica dioica E1 67 91 13 75 78 22 . 70
Impatiens glandulifera El1 56 9 25 25 . 11 . 40
Commelina communis El1 44 9 13 13 11 11 .

Impatiens parviflora El1 33 45 25 . . 11 58 .
Aegopodium podagraria E1 33 9 13 . . 11 . 40
Aethusa cynapium El 30 9 . 25 11 . . .
Solidago gigantea El1 26 18 38 . 11 . . 40
Lapsana communis E1 19 . . 38 33 . . .
Lamium maculatum El1 15 36 . 38 . . . 20
Parietaria officinalis El 11 . 13 . . . . 40
Alliaria petiolata E1 7 36 25

Glechoma hederacea El1 7 27 .

Impatiens balfourii El 7 9 13 13 . . . .
Anthriscus sylvestris El 4 . . 13 . . . 60
Chaerophyllum sp. E1 4

Torilis japonica El 4 .

Geum urbanum El . . 13 . . .

Solidago canadensis E1 . . . . . 11

Cruciata laevipes El . . . . . . 8
Epilobietea angustifolii

Eupatorium cannabinum E1 100 82 50 75 11 22 42 20
Verbascum thapsus El1 52 36 25 13 67 . . .
Galeopsis speciosa E1 33 36 38 . . 11 92 40
Atropa bella-donna E1 22 27 . 13 11

Verbascum nigrum El 4 9 . . 67

Fragaria vesca El1 4 . . . 22

Verbascum lanatum E1 4 9 . . . .

Stachys sylvatica El . 9 . 25 . 22

Arctium nemorosum El . . 25 13

Filipendulo-Petasition

Mentha longifolia El1 93 91 63 100 11 67 42 .
Myosoton aquaticum E1 89 100 50 63 67 44 33 60
Symphytum officinale E1 4 27 25 0 11 44

Stachys palustris El 4 . . . . 11 . .
Lythrum salicaria E1 . . 25 13 . 11 . 30
Filipendulo-Convolvuletea

Saponaria officinalis El1 93 100 63 38 56 44 58 100
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Successive number (Zaporedna $tevilka)

Epilobium parviflorum
Helianthus tuberosus
Epilobium hirsutum
Calystegia sepium
Galega officinalis
Aster lanceolatus
Echinocystis lobata

Silene baccifera (Cucubalus baccifer)

Lysimachia vulgaris
Rudbeckia laciniata
Phragmiti-Magnocaricetea
Veronica beccabunga
Nasturtium officinale
Typhoides arundinacea
Galium palustre

Lycopus europaeus
Veronica anagallis-aquatica
Carex elata

Mentha aquatica
Isoéto-Nanojuncetea
Juncus articulatus

Mentha pulegium

Cyperus fuscus

Calthion, Molinion
Cirsium oleraceum
Centaurea carniolica
Angelica sylvestris

Scirpus sylvaticus

Mpyosotis palustris (M. scorpioides)

Selinum carvifolia
Gratiola officinalis
Potentillo-Polygonetalia
Agrostis stolonifera
Barbarea vulgaris
Rumex crispus

Verbena officinalis
Juncus inflexus

Agropyretalia intermedio-repentis

Tussilago farfara
Equisetum arvense
Agropyron repens

Poa compressa
Chondrilla juncea
Molinio-Arrhenatheretea
Galium mollugo
Plantago lanceolata
Daucus carota
Trifolium pratense
Leontodon hispidus
Pastinaca sativa
Achillea millefolium
Leucanthemum vulgare
Deschampsia cespitosa
Prunella vulgaris
Ranunculus nemorosus
Vicia cracca
Ranunculus repens
Dactylis glomerata s.str.
Pimpinella major
Ranunculus acris
Trifolium repens
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Successive number (Zaporedna $tevilka)

Centaurea jacea
Cerastium holosteoides
Rumex acetosa

Lotus corniculatus

Poa trivialis

Leontodon autumnalis
Vicia sepium

Lychnis flos-cuculi
Arrhenatherum elatius
Bellis perennis

Agrostis capillaris
Lathyrus pratensis
Leucanthemum ircutianum
Koelerio-Corynephoretea
Echium vulgare

Arenaria serpyllifolia agg. (inc. A. leptoclados)

Cardaminopsis arenosa
Petrorhagia saxifraga
Medicago minima

Sedum sexangulare
Festuco-Brometea

Silene vulgaris

Medicago lupulina
Sanguisorba minor
Buphthalmum salicifolium
Euphrasia stricta

Salvia pratensis
Brachypodium rupestre (inc. B. pinnatum)
Campanula rotundifolia
Scabiosa triandra

Pimpinella saxifraga

Plantago media

Euphorbia cyparissias
Centaurea scabiosa subsp. fritschii
Galium corrudifolium

Stachys recta

Asperula cynanchica

Thymus praecox

Satureja montana

Koeleria pyramidata

Genista tinctoria

Hipocrepis comosa

Arabis hirsuta

Centaurea stoebe (C. rhenana)
Trifolio-Geranietea
Verbascum austriacum

Hypericum perforatum (inc. subsp. veronense)

Lathyrus sylvestris

Astragalus glycyphyllos
Clinopodium vulgare

Digitalis grandiflora

Inula conyza

Peucedanum venetum

Libanotis sibirica subsp. montana
Trifolium aureum

Verbascum lychnitis
Sambuco-Salicion capreae
Robinia pseudoacacia

Robinia pseudoacacia

Betula pendula

Ailanthus glandulosa (A. altissima)
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Successive number (Zaporedna $tevilka)

Salix caprea
Rhamno-Prunetea
Cornus sanguinea
Rubus fruticosus agg.
Berberis vulgaris

Ficus carica

Lonicera nitida
Euonymus europaea
Tilio-Acerion
Cardamine impatiens
Ulmus glabra

Lunaria rediviva
Aruncus dioicus
Anthriscus nitida

Acer pseudoplatanus
Alnion incanae
Solanum dulcamara
Rubus caesius

Festuca gigantea
Alnus incana

Frangula alnus
Chaerophyllum hirsutum
Vitis vinifera
Impatiens noli-tangere
Agropyron caninum
Acer negundo

Circaea intermedia
Alnus glutinosa
Fagetalia sylvaticae
Scrophularia nodosa
Brachypodium sylvaticum
Salvia glutinosa
Mycelis muralis
Myosotis sylvatica agg.
Carpinus betulus
Galium laevigatum
Heracleum sphondylium
Carex sylvatica
Campanula trachelium
Circaea lutetiana
Aposeris foetida
Ranunculus lanuginosus
Viola reichenbachiana
Laburnum alpinum
Knautia drymeia
Lamium orvala
Geranium nodosum
Allium ursinum
Galeobdolon flavidum

Quercetalia pubescenti-petraeae

Arabis turrita
Calamintha sylvatica
Ostrya carpinifolia
Ostrya carpinifolia
Fraxinus ornus
Querco-Fagetea
Clematis vitalba
Cerastium sylvaticum
Hedera helix
Moehringia trinervia
Ulmus minor
Corylus avellana
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Successive number (Zaporedna $tevilka) 1 2 3 4 5 6 7 8
Ranunculus cassubicus E1 . . . . . 11

Anemone nemorosa E1l . . . . . 11 .
Hieracium murorum El . . . . . . 25

Cruciata glabra El . . . . . . 8
Erico-Pinetea, Vaccinio-Piceetea

Molinia arundinacea El 4 9 . . . . 25
Calamagrostis varia El1 4 9 . . . . 42

Carex ornithopoda E1 . 18 . 13

Aquilegia nigricans E1 . 18

Chamaecytisus hirsutus El . 9 . . . . .

Solidago virgaurea El . . . . . . 8

Other species (Druge vrste)

Crepis sp. El . . 13 . .

Cerastium sp. El . . . . 11

Mosses (Mahovi)

Brachythecium rutabulum E0 . . . . . 11 . .
Mnium undulatum EO . . . . . . . 20
Eurrhynchium sp. E0 . . . . . . . 20

Legend - Legenda

ID Igor Dakskobler, BC Bosko Cusin, VP Viktor Petkoviek

1 PISe Polygono lapathifoliae-Salicetum eleagni, this article, relevés 1-27 in Table 1

2 PISe-Sa Polygono lapathifoliae-Salicetum eleagni, this article, relevés 28-38 in Table 1 (relevés from the Soc¢a Valley between Volarje and
Zaga and from the Sava Bohinjka Valley)

3 PISe-ne Polygono lapathifoliae-Salicetum eleagni, this article, relevés 47-54 in Table 1
(atypical relevés from the valleys of the Soca, Baca, Nadiza and Sava Bohinjka)

4 ChPo-Ba Chaerophyllo-Petasitetum officinalis, this article, relevés 39-46 in Table 1 (the upper part of the Baca Valley from the hamlet
Humar to Podbrdo).

5 PLSe-To Polygono lapathifoliae-Salicetum eleagni, this article, relevés 55-63, initial plant community on gravel terraces of the Tolminka
River near Tolmin

6 ChPo-1d Chaerophyllo-Petasitetum officinalis, the Idrijca Valley, Dakskobler (2010, Table 1)

7 ESc-Na Epilobio-Scrophularietum caninae, the Nadiza Valley, Cusin (2001, Table 1)

8 CsSp Calystegio-Salicetum purpureae, central and southeastern Slovenia, Petkovsek (1966)
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Table 3: Sociological groups of initial plant communities on riverine gravel terraces in western Slovenia (relative frequencies)
Preglednica 3: Skupine diagnosti¢nih vrst v prodis¢nih zdruzbah v zahodni Sloveniji (relativne frekvence)

Successive number (Zaporedna $tevilka) 1 2 3 4 5 6 7 8
Sign for syntaxa (Oznaka zdruzb) PlSe PlSe-Sa  PlSe-ne ChPo-Ba PISe-To ChPo-Id ESc-Na CsSp
Author (Avtor) ID ID ID ID ID ID BC VP
Number of relevé (Stevilo popisov) 27 11 8 8 9 9 12 10
Epilobion fleischeri 1.02 3.27 1.24 0 0.72 0 7.36 1.41
Stipion calamagrostis 1.42 1.96 2.23 0.29 0 0 2.68 1.41
Petasition paradoxi 1.19 2.22 2.23 0.88 1.67 0.42 5.59 0
Galeopsietalia segetum 0.06 0 0.25 0 0 0 0 0
Thlaspietea rotundifolii 0 0.26 0 0.29 0.24 0 0 0
Asplenietea trichomanis 0.62 0.52 0.25 0.58 2.86 0 0.21 0
Mulgedio-Aconitetea 2.04 1.05 1.49 3.80 0.72 3.81 0.21 0
Salicetea purpureae 2.84 2.35 4.71 2.92 2.63 2.51 2.89 6.34
Bidentetea 3.58 3.92 2.98 3.51 4.30 5.48 0 3.52
Papaveretea rhoeadis (Stellarietea mediae) 20.7 17.12 13.9 19.59 31.3 21.01 9.36 6.34
Sisymbrietea 3.41 1.96 2.48 1.46 3.58 1.26 2.25 0
Digitario sanguinalis-Eragrostietea minoris 6.64 5.10 8.19 6.14 10.26 7.16 0.67 9.15
Artemisietea vulgaris 7.72 7.84 7.69 9.06 6.44 5.90 712 8.45
Galio-Urticetea 7.78 6.67 5.71 6.73 4.77 3.77 6.23 13.38
Epilobietea angustifolii 3.35 3.01 2.73 3.22 3.82 2.09 3.58 2.11
Filipendulo-Petasition 2.90 3.14 3.23 4.09 1.91 6.74 2.01 3.17
Filipendulo-Convolvuletea 2.95 3.40 2.23 1.75 1.43 4.64 2.01 15.85
Phragmiti-Magnocaricetea 0.40 2.48 1.49 1.17 0.24 1.67 0 6.69
Isoéto-Nanojuncetea 0.23 0.52 0.25 0.29 0 0 0 1.76
Calthion, Molinion 1.19 1.70 1.74 2.63 0.48 2.09 1.12 2.11
Potentillo-Polygonetalia 2.73 3.79 1.98 3.80 1.19 1.67 2.46 2.11
Agropyretalia intermedio-repentis 2.50 1.31 1.98 2.63 1.19 2.97 1.55 4.58
Molinio-Arrhenatheretea 8.52 7.84 10.42 11.11 9.31 7.54 9.98 1.76
Koelerio-Corynephoretea 0.80 1.83 1.74 0.58 2.15 0 2.92 0
Festuco-Brometea 2.44 2.35 4.22 1.75 1.43 0.84 9.79 2.82
Trifolio-Geranietea 1.02 0.65 1.74 0.29 0.48 0.84 1.34 0
Sambuco-Salicion capreae 1.08 0.91 1.74 0.29 0 1.26 0 0
Rhamno-Prunetea 0.28 0.13 0.25 0 0 0.84 0.67 0
Alnion incane, Tilio-Acerion 3.58 4.05 4.96 4.97 0.72 7.96 7.12 6.34
Fagetalia sylvaticae 4.60 5.49 3.47 3.80 2.15 5.86 4.68 0
Quercetalia pubescenti-petraeae, Querco-Fagetea 2.33 2.22 2.23 2.05 3.82 1.26 4.41 0.70
Erico-Pinetea 0.11 0.91 0 0.29 0 0 1.79 0
Other species (Druge vrste) 0 0 0.2 0 0.2 0.42 0 0
Total (Skupaj) 100 100 100 100 100 100 100 100

Legend - Legenda

ID Igor Dakskobler, BC Bosko Cusin, VP Viktor Petkoviek

1 PISe Polygono lapathifoliae-Salicetum eleagni, this article, relevés 1-27 in Table 1

2 PISe-Sa Polygono lapathifoliae-Salicetum eleagni, this article, relevés 28-38 in Table 1 (relevés from the Soca Valley between Volarje and
Zaga and from the Sava Bohinjka Valley)

3 PlSe-ne Polygono lapathifoliae-Salicetum eleagni, this article, relevés 47-54 in Table 1
(atypical relevés from the valleys of the Soca, Ba¢a, Nadiza and Sava Bohinjka)

4 ChPo-Ba Chaerophyllo-Petasitetum officinalis, this article, relevés 39-46 in Table 1 (the upper part of the Baca Valley from the hamlet
Humar to Podbrdo).

5 PLSe-To Polygono lapathifoliae-Salicetum eleagni, this article, relevés 55-63, initial plant community on gravel terraces of the Tolminka
River near Tolmin

6 ChPo-Id Chaerophyllo-Petasitetum officinalis, the Idrijca Valley, Dakskobler (2010, Table 1)

7 ESc-Na Epilobio-Scrophularietum caninae, the Nadiza Valley, Cugin (2001, Table 1)

8 CsSp Calystegio-Salicetum purpureae, central and southeastern Slovenia, Petkovéek (1966)
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Table 4: Life forms spectra of initial plant communities on riverine gravel terraces in Slovenia
Preglednica 4: Spekter Zivljenjskih oblik v inicialnih prodis¢nih zdruzbah v Sloveniji

Successive number (Zaporedna $tevilka)
Sign for syntaxa (Oznaka zdruzb)
Author (Avtor)

Number of relevé (Stevilo popisov)
Phaneropphytes (Fanerofiti)
Nanophanerophytes (Nanofanerofiti)
Gephytes (Geofiti)

Chamaephytes (Hamefiti)
Hemicryptophytes (Hemikriptofiti)
Hydrophytes (Hidrofiti)
Therophytes (Terofiti)

Total (Skupaj)

Legend - see Table 3 / Legenda - glej preglednico 3

1
PlSe
1D
27
6.64
0.62
6.42
3.24
43.67
0.23
39.18
100

2
PlSe-Sa
1D
11
5.75
0.52
5.23
3.27
49.80
1.44
33.98
100

3
PlSe-ne
1D
8
9.68
1.49
5.71
3.97
47.39
0.74
31.01
100

4
ChPo-Ba
1D
8
5.56
0
7.60
5.26
50
1.17
30.41
100
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5
PlSe-To
1D
9
3.82
0
1.91
1.91
44.15
0.24
47.97
100

6 7
ChPo-Id  ESc-Na
ID BC
9 12
5.89 7.97
1.26 0.67
11.47 4.90
5.08 7.14
39.14 57.68
0 0
37.16 21.64
100 100

8
CsSp
VP
10
6.34
2.82
7.04
2.82
53.17

27.82
100
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IZVLECEK
Prva fitocenoloska raziskovanja v Kamniski Bistrici

Cvekov elaborat Opis gozdnih zdruzb doline Kamniske
Bistrice, s posebnim ozirom na gozdnogojitveno problematiko
oziroma njegov vegetacijski del, ki je bil predloZen za njego-
vo habilitacijo za univerzitetnega ucitelja, je verjetno prvi
elaborat, ki podaja gozdnogojitvene smernice na podlagi
gozdnih fitocenoz. Morda je bil so¢asno ali malo pozneje iz-
delan podoben elaborat Tregubova za obmocje Leskove do-
line na Snezniku. V vegetacijskem delu elaborata za Kamni-
$ko Bistrico je Cvek opisal 21 sintaksonov gozdnih fitoce-
noz. V petdesetih letih prejSnjega stoletja je bilo obmocje
Kamniske Bistrice fakultetno posestvo Fakultete za agrono-
mijo in gozdarstvo. Izdelani sta bili dve vegetacijski karti v
merilu 1 : 10.000.

Klju¢ne besede: fitocenologija, Kamnigka Bistrica, Slo-
venija

http://dx.doi.org/10.3986/fbg0054

ABSTRACT
First phytocenological research in Kamniska Bistrica

Cvek's study A description of the forest associations of
the Kamniska Bistrica valley, with particular regard to silvi-
cultural questions, or its vegetational part, which was propo-
sed for his habilitation as a university teacher, is probably the
first study to provide silvicultural guidelines on the basis of
forest phytocoenoses. Perhaps a similar study by Tregubov
for the area of the Leskova valley on Sneznik was made si-
multaneously, or a little later. In the vegetational part of the
study for Kamniska Bistrica, Cvek described 21 syntaxa of
forest phytocoenoses. In the 1950s, the area of Kamniska Bi-
strica was a faculty estate of the Faculty of Agronomy and
Forestry. Two vegetation maps in a scale of 1 : 10.000 were
produced.

Key words: phytocoenology, Kamniska Bistrica, Slove-
nia
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1. UVOD

Po drugi svetovni vojni so se razsirila fitocenoloska
raziskovanja, zlasti na podrocju gozdarstva. Zasluga za
tovrstna raziskovanja gre predvsem trem pionirjem,
tisti ¢as vodilnim fitocenologom dr. V. Tregubovu,
gozdarju, ter prof. G. Tomazicu in dr. M. Wraberju,
biologoma. Vsi trije so Ze med svetovnima vojnama
opravljali fitocenoloske raziskave. Tregubov je v Bosni
preuceval gozdno vegetacijo, Tomazi¢ gozdno-grmisc-
no in negozdno vegetacijo Slovenije ter Wraber hrasto-
ve gozdove juzne Francije. Po drugi svetovni vojni so
zdruzili svoje znanje in se dogovorili za vegetacijska
(fitocenoloska) raziskovanja za potrebe gospodarstva,
zlasti gozdarstva. Na institutski raziskovalni ravni sta
bila najbolj dejavna Tregubov in Wraber, na visokosol-
skem raziskovalnem podrocju pa Tomazi¢, ki je ob
ustanovitvi gozdarskega oddelka (zdaj mineva 70 let
od njegove ustanovitve), zacel predavati fitocenologijo
za gozdarje.

Tregubov in Wraber sta se osredotocila na fitoce-
noloske raziskave alpskih in predalpskih bukovih goz-
dov Slovenije, Tregubov Se na dinarske gozdove, Wra-
ber pa na gozdove Pohorja in sose$c¢ine. Tomazic je dal
idejo o fitocenoloskem raziskovanju Kamniske Bistri-
ce, kjer je to bilo tedaj eno od treh fakultetnih posestev,
(drugi sta bili Velika Nedelja in Panovec). Botanik To-
mazi¢ je bil predavatelj fitocenologije za gozdarje v
sklopu gozdnogojitvene katedre, ki ji je naceloval goz-
dar prof. S. Sotosek, njegov asistent na katedri pa je bil
S. Cvek, univ. dipl. inZz. gozd., ze uveljavljeni gojitel;j
gozdov in fitocenolog. Tomazic¢ kot idejni vodja projek-
ta je operativno izvedbo fitocenoloskih raziskav zaupal
Cveku. Raziskave so se verjetno zacele v letu 1950 ali
morda leto prej, koncale pa so se leta 1955 z izdelavo
elaborata. Naslov elaborata je bil Opis gozdnih zdruzb
doline Kamniske Bistrice, s posebnim ozirom na gozdno-
gojitveno problematiko.

Prva preucevanja v Kamniski Bistrici sta opravila
Tomazi¢ in Cvek, v nadaljevanju pa Cvek sam, ker je
Tomazi¢ po letu 1952 zaradi bolezni nekaj casa opustil
predavanja na gozdarski in filozofski fakulteti ter te-
renska raziskovanja. Tomazic si je med tedanjimi stu-
denti za spremljevalca in pozneje sodelavca izbral Z.
Kosirja (pozneje univ. dipl. inZ in dr. gozdarstva, vodja
Biroja za gozdarsko nacrtovanje, usluzbenec v drzavni
upravi in uspesen fitocenolog, inovator na podrocju
vrednotenja gozdnih rastis¢). Pozneje je Kosir pod
vodstvom Cveka samostojno preuceval tamkajsnjo
gozdno vegetacijo. Cvek pa si je za spremljevalca med
$tudenti izbral D. Juga (pozneje univ. dipl. gozd. inZz. na
Gozdnem gospodarstvu Celje). Jug je zbolel in Cvek je
za drugega spremljevalca izbral $tudenta D. Robica,
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pozneje magistra gozdarstva in univerzitetnega preda-
vatelja fitocenologije za gozdarje.

Izdelava rokopisnega elaborata z vegetacijsko karto
Kamniske Bistrice je bila koncana leta 1955. To je bil
eden izmed prvih gozdnogojitvenih elaboratov na
podlagi gozdnih vegetacijskih zdruzb, ki je nastajal
verjetno socasno z elaboratom Tregubova za Leskovo
dolino na snezniskem pogorju za Gozdno gospodar-
stvo Postojna. Pozneje, vse do leta 1991, so bil izdelani
mnogi elaborati za razli¢na gozdna gospodarstva Slo-
venije. Tregubov s sodelavci je leta 1957 na podlagi prej
omenjenega elaborata za Leskovo dolino izdelal mono-
grafijo Prebiralni gozdovi Sneznika. Fitocenoloske ali
vegetacijske raziskave v Leskovi dolini so se zacele leta
1948 in rokopisna vegetacijska karta je bila izdelana v
letih 1951-52. Raziskovalna dela v Kamniski Bistrici so
se verjetno zacela leta 1949 z ustanovitvijo gozdarske-
ga oddelka tedanje Fakultete za agronomijo in gozdar-
stvo ali kaksno leto pozneje (1950-1951). Verjetno je to
edini gozdnogojitveni elaborat na podlagi gozdnih
zdruzb z vegetacijsko karto, izdelan na tedanji fakulte-
ti. Poznejsi elaborati so nastajali na Gozdarskem insti-
tutu Slovenije oz. Institutu za gozdno in lesno gospo-
darstvo Slovenije (IGLGS), Bioloskem institutu Jovana
Hadzija ZRC SAZU oz. Institutu za biologijo SAZU in
Biroju za gozdarska nacrtovanja in melioracijo.

Elaborat za Leskovo dolino je bil znanstveno pred-
stavljen v ediciji Strokovna in znanstvena dela 4 IGLGS
pri zalozbi Kmecka knjiga Ljubljana. Menimo, da bi
bilo prav, da tudi elaborat Opis gozdnih zdruzb doline
Kamniske Bistrice, s posebnim ozirom na gozdnogojitve-
no problematiko znanstveno predstavimo. V zapus$cini
prof. Dusana Robica, ki jo je njegova vdova Danica
Robi¢ s posredovanjem prof. Andreja Boncine prepu-
stila v hrambo Katedri za gojenje gozdov in izrecno
naslednikom pokojnega moza pri predmetu fitoceno-
logija, ga je spomladi leta 2017 nasel soavtor te razpra-
ve, doc. Andrej Rozman. Za njegovo predstavitev smo
povsem po naklju¢ju izbrali ¢as, ko praznujemo se-
demdesetletnico Oddelka za gozdarstvo in obnovljive
vire (Oddelek za gozdarstvo). Predstavljen bo le bota-
ni¢no-fitocenoloski del elaborata, ki ga imamo na voljo
v rokopisni obliki. Celotnega elaborata nismo uspeli
dobiti - kljub prizadevanju bibliotekark knjiznic na
Oddelku za gozdarstvo in obnovljive vire, Oddelku za
agronomijo ter Gozdarskega instituta. Elaborata pre-
prosto ni, verjetno je bil pri izposoji izgubljen. Majhna
moznost za najdbo je v knjiznici agronomskega oddel-
ka, ko bo knjizni fond v celoti prenesen v racunalnisko
obliko. Ce bo elaborat najden, bomo dopolnili ¢lanek
ali napisali dopolnilo v prihodnji $tevilki te revije.
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Namen pric¢ujocega ¢lanka je analiza tedanjega pozna-
vanja gozdnih zdruzb, njihove floristicne sestave ter
njihovih rastis¢nih in ekoloskih razmer v primerjavi z
vedenjem o njih v danasnjem casu. Zato zadostuje bo-
tani¢no-fitocenoloski del elaborata od strani 54 do 81 s
kartama, ki je glavni in osnovni del elaborata. Ta del
elaborata je asistent Cvek verjetno predal za ponovno
habilitacijo v naziv vidji asistent. Vsebina ekoloskega
dela elaborata je na visoki strokovni ravni.

Rastline so poimenovane po tedanji splosni upora-
bi latinskih rastlinskih imen v gozdarstvu. Podobno
velja tudi za latinska imena sintaksonov. Sodobna
imena zdruzb sledijo SiLcu & CArRNGU (2012). V po-
sebnem poglavju so latinska imena, ki jih je zapisal

Cvek prevedena v imena po Mali flori Slovenije (MAR-
TINCIC et al. 2007).

Na kratko naj navedemo nekaj biografskih podat-
kov o Stanku Cveku. Rodil se je v Borovljah (Ferlach)
20. 12. 1915, umrl v Ljubljani 11. 12. 1959. Diplomiral je
leta 1940 na Oddelku za gozdarstvo, Kmetijsko-goz-
darske fakultete v Zagrebu. Po diplomi je bil najprej
zaposlen v gozdarski operativi in pozneje v raziskoval-
nih organizacijah gozdarske stroke na Hrvaskem in v
Sloveniji. Leta 1950 je bil imenovan za visjega asistenta
na gozdarskem oddelku Fakultete za agronomijo in
gozdarstvo. Med prvimi je v gozdnogospodarsko nacr-
tovanje uvajal fitocenoloske izsledke. (RoBIC 1988:
86-87, ANONYMUS 1957: 194-195).

2. ANALIZA GOZDNIH ZDRUZB V PRETEKLOSTI IN SEDANJOSTI

Drzali se bomo vrstnega reda opisa gozdnih zdruzb
po fitocenolosko-gozdnogojitvenem delu elaborata av-
torja Stanka CvEka (1955) Opis gozdnih zdruzb doline
Kamniske Bistrice, s posebnim ozirom na gozdnogojitve-
no problematiko; tako za¢nemo z asociacijo:

2.1. Cariceto remotae-Fraxinetum (Carici re-
motae-Fraxinetum excelsioris W. Koch 1925)

Avtor Cvek je objavil tri fitocenoloske popise te vlago-
ljubne, ob gorskih potokih razvite gozdne zdruzbe, in
sicer:

tipi¢no obliko Carici remotae-Fraxinetum z nasle-
dnjim fitocenoloskim popisom:

»Drevesni sloj:

Fraxinus excelsior 2.2.
Alnus incana 3.3
Acer pseudoplatanus 2.2.

Grmovni sloj:

Corylus avellana 1.2.
Acer pseudoplatanus +
Salix glabra +

Zelis¢ni sloj:

Petasites hybridus 3.3.
Deschampsia caespitosa 3.3
Lysimachia nummularia 2.2
Mentha aquatica 2.2.
Crepis paludosa 1.1.

Stellaria glochidiosperma 1.1.

Caltha palustris 2.2.
Herophylum cicutaria 3.3.
Juncus glaucum +.2
Brachypodium silvaticum +

Carpinus betulus +
Picea excelsa +
Acer campestre +

Daphne mezereum +
Solanum dulcamara +

Fragaria vesca +

Tussilago farfara 1.1
Euphorbia amygdaloides +
Galium vernum +

Carex silvatica +
Galeopsis speciosa +
Stachys silvatica 1.1

Poa nemoralis +
Nephrodium dryopteris +
Aspidium spinolosum +

Carex remota +

Impatiens noli-tangere +
Ranunculus lanuginosus +
Salvia glutinosa 1.1.
Hypericum acuntangulum +
Prunella sp. +

Moehringia trinervia +
Pulmunaria officinalis +
Aspidium filix-mas +.3
Athyrium filix-femina +
Cardamine trifolia +
Aposeris foetida +

Ranunculus reptans +
Scrophularia nodosa +
Plantago major +
Equisetum palustris +
Mentha longifolia +
Oxalis acetosella +
Galium palustre +
Asarum europaeum +
Cirsium palustre +
Senecio fuchsii
Cerastium silvaticum +
Geranium robertianum +
Orchis maculata +
Mahovi:

Mnium undulatum 1.1
Mnium cuspidatum +2
Thuidium tamariscinum +

Trichocolea tomentella +
Ctenidium molluscum +
Fegatella conica 1.3

Asociacija poraséa oligocenski glinasti pescenjak,
delno pokrit z apnenim gruscem. Asociacija je povrsinsko
majhna, toda pomembna zaradi dobrega uspevanja ve-
likega jesena (Fraxinus excelsior).«

2.1.1. Drugi popis Carici remotae-Fraxinetum alne-
tosum opisuje subasociacijo s sivo jelSo (Alnus inca-
na). »Raste na mocvirnih rastis¢ih in je pomembna zara-
di bujnega uspevanja sive jelse.“

Drevesni sloj:
Alnus incana 3.3
Fraxinus excelsior +

Acer pseudoplantanus +
Sambucus nigra +

Grmovni sloj:
Alnus incana 1.1
Sambucus nigra 1.1
Fraxinus excelsior +
Picea excelsa

Daphne mezereum +
Fagus silvatica +
Clematis vitalba +
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Zelis¢ni sloj:

Impatiens noli-tangere 3.3
Circaea lutetiana 2.2
Stachys silvatica 2.2.
Salvia glutinosa 3.3

Lysimachia nummularia 1.1.

Urtica urens 2.2.

Ranunculus lanuginosus 1.1.

Carex remota +1
Pulmunaria officinalis 1.1.
Petasites hybridus 1.1.
Stellaria glochidiosperma +
Arctium spec. 1.1
Aegopodium podagraria +
Deschampsia flexusa +.1

Tretji popis predstavlja subasociacijo z belo jelko

(Abies alba).

Deschampsia caespitosa +.1
Brachypodium silvaticum +
Senecio fuchsii +

Physalis alcecengi +
Solanum dulcamara +
Tussilago farfara +
Asperula odorata +

Arum maculatum +
Ranunculus reptans +
Scrophularia nodosa +
Aspidium filix-mas +
Cardamine trifolia +
Asarum europaeum +
Clematis alpina +

Angelica silvetris +«

2.1.2. Carici remotae-Fraxinetum abietetosum, »ki
naseljuje pobocja nad potocnim jarkom. Rastisce je bolj
susno in zato izostaja izrazitejsa vlagoljubna flora, v dre-

vesni plasti pa je obilno primesana bela jelka.

Drevesni sloj:
Abies alba 3.3
Fraxinus excelsior +

Grmovni sloj:

Fraxinus excelsior 2.2
Carpinus betulus 2.2
Acer pseudoplatanus 1.1.
Corylus avellana +
Sorbus aria +

Zelis¢ni sloj:

Petasites albus 2.2
Salvia glutinosa 2.2.
Clematis vitalba 1.1
Mercurialis perennis 1.1
Athyrium filix-femina +.1
Senecio fuchsii +
Fragaria vesca +

Oxalis acetosella +
Asarum europaeum +
Asperula odorata +
Lactuca muralis +
Hacquetia epipactis +
Carex digitata +
Calamagrostis varia +
Eupatorium canabinum +
Solidago virgaurea +
Euphorbia amygdaloides
Viola spec. +

Aposeris foetida +
Hieracium murorum +

Mahovi:
Neckera complanata

Fagus silvatica (+)

Lonicera xylosteum +
Ostrya carpinifolia +
Daphne mezereum +
Rubus fructicosa +

Polygonatum multiflorum +
Prenathes purpurea +
Cardamine trifolia +
Lilium martagon +
Sanicula europaea +
Carex pendula +

Cyclamen europaeum +
Lamium orvala +
Gentiana asclepiadea +
Hypericum hirsutum +
Asplenium trichomanes +
Pulmunaria officinalis +
Campanula trachelium +
Angelica silvestris +
Galium silvaticum +
Cardamine bulbifera +
Nephrodium filix-mas +
Symphytum tuberosum +
Brachypodium sivlaticum +
Cirsium montanum +

Ctenidium molluscume«
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V poznejsi literaturi, ki zadeva obmocje Kamniske
Bistrice ta asociacija ni bila zabelezena. Verjetno zaradi
izredno majnih povrsin (Vegetacijska karta Slovenije,
Ljubljana - 2, 1982-86) ali pa je bila spregledana (Ma-
RINCEK 1995). Po Cvekovih popisih sode¢ je na tem ob-
mocdju nesporno zastopana. V Cvekovih fitocenoloskih
popisih so zastopane tri znacilnice asociacije od stirih,
ki jih v literaturi navaja OBERDOREER (1957), te so:
Carex remota, C. pendula in Circaea lutetiana.

2.2. Querceto-Carpinetum (Querco-Carpinetum
Ht. (1938) 1949) je naslednja gozdna zdruzba, ki jo
opisuje Cvek. »Nahaja se na nizinski valoviti planoti z
oligocenskimi glinenci, ki so delno prekriti z apnencem.
Izredno bujno uspevata veliki jesen (Fraxinus excelsior) in
beli javor (Acer pseudoplatanus), ki sta v tej zdruzbi domi-
nantna«. Cvek je zabelezil naslednji fitocenoloski popis:

»Nadstojni drevesni sloj:
Fraxinus excelsior 2.2.
Acer pseudoplatanus 1.1.
Tilia cordata +

Fagus silvatica +

Podstojni drevesni sloj (vis. do 6 m):

Carpinus betulus 3.3.
Fraxinus excelsior 1.1.

Gmovni sloj:
Carpinus betulus 1.1.
Fraxinus excelsior 1.1.
Corylus avellana 1.1.
Lonicera xylosteum +
Viburnum opulus +
Euonymus europaea +
Picea excelsa +
Sorbus aucuparia +
Acer platanoides +
Daphne mezereum +
Acer campestre +
Rosa canina +

Rubus idaeus +
Clematis vitalba +

Zeliscni sloj:

Crocus vernus 2.2.
Aegopodium podagraria 2.2
Stellaria holostea 1.2.
Aposeris foetida 2.2.
Anemone hepatica 1.1.
Lamium luteum 1.1.

Brachypodium silvaticum 1.1.

Hacquetia epipactis 1.1.
Milium effusum 1.1.

Adoxa moschatellina 1.1.
Salvia glutinosa 1.1.
Galium vernum 1.1.
Campanula brachetecium +

Prunus avium +
Quercus sessiliflora (+)

Acer campestre +

Acer pseudoplatanus +
Viburnum lantana +
Crataegus oxyacantha +
Salix caprea +
Rhamnus cathartica +
Sorbus aria +

Berberis vulgaris +
Fagus silvatica +

Rosa arvensis +
Crataegus monogyna +
Rhamnus carniolica +
Ribes alpinum +
Cornus sanguinea +
Fraxinus onus +

Viola silvestris +
Athyrium filix-femina +
Deschampsia caespitosa +
Luzula pilosa +
Helleborus macranthus +
Aremonia agrimonioides +
Ranunculus lanuginosus +
Fragaria elatior +
Aspidium filix-mas +
Cyclamen europaeum +
Veronica urticifolia +
Polystichum lobatum +
Majanthemum bifolium +
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Oxalis acetosella +
Polypodium vulgare +
Euphorbia carniolica +
Senecio fuchsii +
Gentiana asclepiadea +
Saturea vulgaris +
Primula acaulis +
Hedera helix +

Asarum europaeum +
Euphorbia amygdaloides +
Mercurialis perennis +
Geum urbanum +

Melica nutans +

Sanicula europaea +
Moehringia trinervia +
Phyteuma spicatum +
Symphytum tuberosum +
Carex silvatica 1.2
Polygonatum multiflorum +
Glechoma hederacea +
Cardamine flexuosa +
Festuca gigantea +
Anemone nemorosa +

Mahovi:

Mnium undulatum +.3
Ctenidium molluscum +.2
Eurhynchicum striatum +.3«

Pozneje jo je TomaZI¢ s sodelavci invalidno (nepra-
vilno) preimenoval v Fraxino-Carpinetum zaradi ve-
¢inskega pojavljanja vitalnega velikega jesena in belega
gabra ter Stevilne karpinetalne flore v druzbis fagetalno
floro. MARINCEK (1995) je po Kodeksu neveljavno obja-
vljeno Tomazicevo asociacijo, preimenoval v sintasko-
nom Hacquetio-Fraxinetum var. geogr. Dentaria pen-
taphyllos dentarietosum trifoliae Marincek 1991 var.
Carpinus betulus Marinc¢ek 1995 in ga predstavil s 15
fitocenoloskimi popisi. Menimo, da gre za sekundarno
zdruzbo na potencialno hrastovo-belogabrovih rasti-
§¢ih, na kar da misliti opozorilo CvEka (1995) o mo¢-
nem izkori$¢anju tega gozda tudi z golose¢njami.

2.3. Acereto-Fraxinetum (Aceri-Fraxinetum W.
Koch 1926) »se v Kamniski Bistrici pojavlja na dveh
gruscnatih rastiscih, in sicer v ozkih pasovih ob jarkih
ali na grusénatih skalovitih vrsajih« (Cvek pise stozcih),
ki so jih odlozili plazovi.« CVEK (1955) je zabelezil na-
slednji fitocenoloski popis:

»Drevesni sloj:
Fraxinus excelsior 2.2
Acer pseudoplatanus 2.2.

Fagus silvatica

Grmovni sloj:
Fraxinus excelsior +
Acer pseudoplatanus +
Fagus silvatica +

Picea excelsa +
Daphne mezereum 1.1
Rhamnus fallax +

Zelis¢ni sloj:

Lunaria rediviva 2.2
Lamium orvala 2.2.
Circaea lutetiana 1.1
Scolopendrium vulgare 1.1
Mercurialis perennis 1.1
Adoxa moschatellina +
Aspidium filix-mas +
Asperula odorata +
Galeopsis speciosa +
Actaea spicata +

Salvia glutinosa +

Saxifraga rotundifolia +
Angelica silvestris +
Gentiana asclepiadea +
Lactuca muralis +
Asplenium trichomanes +
Clematis vitalba +
Impatiens noli-tangere +
Urtica dioica +

Thalictrum aquilegifolium +

Melandrium rubrum +
Oxalis acetosella +
Geranium robertianum +
Senecio fuchsii

Aposeris foetida +

Polystichum lobatum +
Polygonatum officinale +
Veratrum album +
Phytheuma spicatum +
Stellaria glochidiosperma +
Crepis paludosa +

Mahovi:
Ctenidium molluscum +.1

Minium spec. +.1«

Cvek pravi, »da kljub neugodnosti terena lepo uspe-
vata jesen in beli javor, ki gradita glavno maso sestoja.
Zdruzba ima varovalni pomen.« V rokopisni vegetacijski
karti v merilu 1 : 50.000, list Ljubljana - 2, je asociacija
zabelezena kot Aceri-Fraxinetum (1982-86), enako
tudi na Karti naravne potencialne vegetacije v merilu
1 : 1,000.000 (1986). P. KOSIR & MARINCEK (1999) sta
zdruzbo po kodeksu korektno opisala kot Lamio orval-
ae-Aceretum pseudoplatani P. Kosir & Marincek 1999.

2.4. Rhodothamneto-Rhodoretum (Rhodotham-
no-Rhododendretum (Aichinger 1933) Br.-Bl
1939 = Rhodothamno - Pinetum mugo (Aich-
inger 1933) Zupandi¢ & Zagar in Zupandic 2015 je
v elaboratu zabelezen v dveh subasocijah, in sicer:

2.4.1. Rhodothamno-Rhododendretum mugheto-
sum = Rhodothamno - Pinetum mugo

Cvek pravilno ugotavlja, »da se ta alpska grmiscna
zdruzba rusevja nahaja v visjih nadmorskih visinah, kjer
ne morejo vec uspevati drevesa zaradi neugodnih klimat-
skih razmer. Njeno floristicno sestavo nam kaze fitoceno-
loski popis posnet, v nadmorski visini 1600 m:

Grmovni sloj:

Pinus mughus 3.3
Rhodothamnus chamaecistus 2.2
Rhododendron hirsutum 1.2
Vaccinum myrtillus 1.2

Salix glabra +

Vaccinum vitis-idaea +

Sorbus aucuparia +
Sorbus chamaemespilus +
Salix caprea +

Juniperus nana +

Alnus viridis +

Zelis¢ni sloj:

Erica carnea 2.3
Lycopodium annotinum 1.1.
Luzula silvatica 1.1.
Hieracium murorum +
Campanula scheuchzeri +
Tofieldia calyculata +
Cardamina enneaphylos +
Dryas octopetala +.1
Aposeris foetida +
Veronica lutea +
Astrantia minor +
Alchemila alpina +

Melampyrum silvaticum +
Selaginella selaginoides +
Pinguicula alpina +
Valeriana saxatilis +
Veratrum album +

Stachys jacquinii +
Polystichum lonchitis +
Lycopodium selago +
Geraninum robertianum +
Prenanthes purpurea +
Majanthemum bifolium +
Oxalis acetosella
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Pedicularis verticilaris +
Aster amellus +
Phyteuma halleri +
Malica nutans +

Atragena alpina +
Homogyne alpina +
Homogyne silvestris +
Valeriana tripteris +
Thalictrum aquilegifolium +

Nekoliko nizje, kjer so ekoloske razmere ugodnejse,
zlasti klimatske, se pojavlja subasociacija:

2.4.2. Rhodothamno-Rhododendretum laricetosum
= Rhodothamno-Pinetum laricetosum, je alpsko gr-
misce s posameznimi macesni. Fitocenoloski popis je
bil popisan v nadmorski visini 1550 m.

Drevesni sloj:
Larix europaea 1.1. (Picea excelsa)
Grmovni sloj:

Pinus mughus 4.4.

Vaccinium myritillus 4.4.
Rhododendron hirsutum 1.1.
Rhodothamnus chamaecistus +.1
Alnus viridis +

Sorbus chamaemepilus +

Juniperus nana +
Sorbus aucuparia +
Rosa spec. +

Vaccinium vitis-idaea +
Salix caprea +

Rubus saxatilis +

Zeliscni sloj:

Erica carnea 1.2.

Luzula nemorosa 1.1.
Lycopodium annotinum 1.1
Cardamine enneaphyllos +
Prenanthes purpurea +
Veratrum album +
Majanthemum bifolium +
Melampyrum silvaticum +
Astrantia minor
Hieracium murorum +

Polystichum lonchitis +
Homogyne alpina +

Luzula silvatica +
Phyteuma halleri +
Aposeris foetida +
Aconitum napellus +
Valeriana tripteris +
Veronica lutea +
Polygonatum verticillatum +
Gentiana pannonica +

Mahovi

Hylocomium triquetrum 2.2 Pleurozium schreberi +.1«

V karti potencialno naravne vegetacije (1986) in
rokopisnih vegetacijskih kartah (M = 1 : 50.000) je
zdruzba oznacena kot Rhodothamno-Rhododendre-
tum. Novejsa literatura (ZupPANCIC, 7AGAR & CULI-
BERG 2006, ZUPANCIC 2013) lo¢i vec¢ oblik oziroma
asociacij rusevja. V zvezi z obmoc¢jem Kamniske Bi-
strice gre za Rhodothamno-Pinetum mugo Zupanci¢
& Zagar (1980, 2013) 2015. Rusevje (Pinus mugo) je
po Kodeksu nosilna vrsta zdruzbe in ne kodominan-
tna za subasociacijo. Zagotovo pa so v Cvekovemu sin-
taksonu Rhodothamno-Rhododendretum lariceto-
sum zaobjeti tudi macesnovi sestoji iz asociacije Rho-
dothamno-Laricetum deciduae Willner & Zukrigl
1999. Nekaj sestojev te asociacije, iz gozdnega rezerva-
ta Kalce in Repovega kota, so objavili DAKSKOBLER,
SELISKAR IN RozMAN (2018).
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2.5. Sestoj Picea-Carex alba (comm.)

Cvek ga opisuje »kot sekundarno tvorbo, nastalo po po-
seku primarne bukove zdruzbe s pomocjo sadnje smreke
(Picea abies). Pozneje ali celo socasno se je tudi spontano
zasemenila smreka, ker so ji ustrezale ekoloske razmere,
predvsem svetloba in mikroklima. Odprtost rastisca je
povzrodila nizje temperature od okolice, ki so dnevno in
letno izraziteje nihale, kar je ustrezalo smreki, nikakor
pa bukvi«. Po popisu sodec gre za rastisce alpskega bu-
kovega gozda Anemono trifoliae-Fagetum, ki Ze po
naravi vsebuje manjsi delez smreke in piceetalne flore.
Po Stevilu so piceetalne in fagatalne vrste enakovre-
dne, vendar prevladujejo bazifilne vrste. V popisu sta
tudi zastopani diagnosti¢no pomembni vrsti za asoci-
acijo Anemono trifoliae-Fagetum, to sta Anemone tri-
folia in Polygala chamaebuxus. Fitocenoloski popis ne
kaze na smrekovo zdruzbo, temve¢ na varianto alpske-
ga bukovega gozda s smreko - Anemono trifoliae-
Fagetum Tregubov 1962 var. Picea abies.

»Drevesni sloj:
Picea excelsa 3.3
Fagus silvatica 1.1.

Acer pseudoplatanus +.1
Ostrya carpinifolia +.1

Grmovni sloj:

Fagus silvatica 1.1.
Picea excelsa 2.2.

Acer pseudoplatanus +
Sorbus aria +

Sorbus aucuparia +
Lonicera alpigena +
Lonicera xylosteum +
Corylus avellana +

Rhamnus carniolica +
Salix glabra +

Ostrya carpinifolia +.1
Fraxinus ornus +.2
Clematis alpina +
Rosa pendulina +
Abies alba +

Daphne mezereum +

Zeliscni sloj:

Carex alba 3.3.
Calamagrostis varia 2.2
Vaccinium myrtillus 1.1

Solidago virgaurea +
Euphrasia rustecoriana +
Rubus saxatilis +

Melampyrum silvaticum 1.1
Gentiana asclepiadea 1.1
Homogyne silvestris +
Mercurialis perennis +
Asarum europaeum 1.1
Lamium luteum +
Fragaria vesca 1.1
Anemone trifolia 1.1
Cardamine trifolia 1.1
Carex digitata 1.1
Aspidium filix-mas +
Salvia glutinosa +
Clematis alpina +
Athyrium filix-femina +
Cynachum vincetoxicum +
Petasites hybridus +

Mahovi:
Ctenidium molluscum 2.4

Digitalis ambigua +
Galium mollugo +
Deschampsia caespitosa +
Buphthalmum salicifolium +
Scrophularia nodosa +
Oxalis acetosella +
Eupatorium cannabinum +
Majanthemum bifolium +
Nephrodium dryopteris +
Melica nutans +

Viola silvestris +

Polygala chamaebuxus +
Calamintha clinopodium +
Potentilla erecta +

Luzula pilosa +

Dicranum scoparium +.2
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Pleurozium schreberi 2.2.
Atrichum +.2«

Hylocomium triquetrum 4.3
Neckera complanata 2.4

2.6. Asociacija Abieto-Calamagrostidetum »je
fragmentarno razvita na skalovitem edafsko slabem ra-
stis¢u«. Vprasljivo je, ali gre morda za asociacijo
Calamagrostio-Abietetum Ht. (1950) 1962, ki je bila
opisana na dinarskem obmodju Hrvaske ter v fra-
gmentih sega na sneznisko in trnovsko pogorje. Po fi-
tocenoloskem popisu sodec sta od ilirskih vrst zabele-
zeni le Cardamine trifolia in Rhamnus fallax. Zacasno

bi jo uvrstili v Horvatovo zdruzbo.

»Drevesni sloj:

Abies alba 3.3.

Picea excelsa 1.1.

Acer pseudoplatanus +

Grmovni sloj:

Abies alba 1.1.
Sambucus racemosa 1.1.
Picea excelsa +

Zelis¢ni sloj:

Adenostyles glabra 1.1.
Calamagrostis varia 1.2
Nephrodium drypopteris 1.1
Aspidium filix-mas 1.1
Athyrium filix-femina +
Galium silvaticum +
Salvia glutinosa +

Carex alba +

Carex digitata
Polystichum lobatum +
Cardamine trifolia +
Epilobium montanum +
Mercurialis perennis +
Cyclamen europaeum +
Oxalis acetosella +
Rubus spec. +

Asplenium viride +
Asplenium trichomanes +

Mahovi:

Cladonia pyxydata 1.3
Polytrichum atennuatum +.3
Dicranum scoparium +

Tilia platyphyllos +
Sorbus aucuparia +
Sorbus aria +

Rhamnus carniolica +
Daphne mezereum +
Fagus silvatica +

Polypodium vulgare +
Senecio fuchsii +
Lactuca muralis +
Lamium luteum +
Hiearacium murorum +
Actaea spicata +
Hypericum hirsutum +
Paris quadrifolia +
Fragaria vesca +
Pulmunaria officinalis +
Moehringia muscosa+
Veronica urticifolia +
Sorbus aria +

Picea excelsa +

Abies alba +

Acer pseudoplatanus +
Ostrya carpinifolia

Ctenidium molluscum +.3
Hylocomium trigetrum + .1
Neckera complanata +«

2.7. Sestoj Larix-Ostrya zdruzba (comm.)

»poraséa debel grus¢ lapornatega apnenca na bolj ali
manj strmih pobocjih. Floristicno je zdruzba obubozZana
zaradi velike pokrovnosti spomladanske rese (Erica car-
nea).

Drevesni sloj:

a) nadstojni:

Larix europaea 1.1
Pinus silvestris 1.1

b) podstojni:

Ostrya carpinifolia 3.3
Picea excelsa 1.1
Fraxinus ornus +

Picea excelsa (+)

Abies alba +
Laburnum alpinum +
Sorbus aria +

Grmovnega sloja ni!

Zelis¢ni sloj:

Erica carnea 5.5
Calamagrostis varia 3.3
Polygala chamaebuxus 1.1
Cynanchum vincetoxicum +

Carex alba +

Asplenium ruta-muraria +
Moehringia muscosa +
Viola spec. +

Lisaj:
Cladonia pyxydata +«

Po preucevanjih DAKSKOBLERJA (2006) bi zdruzbo
macesna in ¢rnega gabra uvrstili v asociacijo oziroma
subasociacijo Rhodothmano-Laricetum ostryeto-
sum Dakskobler 2006. Sestoji te subasociacije zagoto-
vo uspevajo v dolini Kamniske Bistrice, ¢eprav so po-
pise naravnega sestoja macesna in ¢rnega gabra v ska-
lovju ob lovski stezi med Zagano pecjo in gozdnim
rezervatom Kalce DAKSKOBLER, SELISKAR IN ROZMAN
(2018) uvrstili v sintakson Rhodthamno-Laricetum
anemonetosum trifoliae var. typica, ki ga z velikim
zastiranjem oznacuje vrsta Sesleria caerulea.

2.8.V zdruzbi Cardamineto-Fagetum M. Wraber
1969

sta glede na Cvekove stiri fitocenoloske popise, zaobse-
zeni dve bukovi asociaciji, in sicer Ostryo-Fagetum M.
Wraber ex Trinajsti¢ 1972 in Ranunculo platanfolii-
Fagetum Marincek et al. 1993.

Vse do $estdesetih let prejsnjega stoletja je bilo po-
znavanje bukovih gozdovnairoki podlagi makroasoci-
acij. Cvek je sledil temu mnenju. Tedaj je bila splosno
znana zelo $iroko razumljena bukova asociacija Car-
damino-Fagetum oziroma Dentario-Fagetum Wraber
1969, in sicer od submontanskega do altimontanskega
visinskega pasu. Delitev bukovih gozdov na podrobnej-
$easociacije po ekoloskih (klimatskih, edafskih) razme-
rah in fitogeografsko-floristicnem principu sta zacela
uvajati Tregubov in Z. Kosir. Cvek je v svojih fitocenolo-
$kih popisih predvsem zajel popisne ploskve, ki so bile
zastopane z vrstami iz rodov Cardamine in Dentaria,
sicer stalnic bukovih gozdov, zlasti v obmodju ilirske
florne province.
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2.8.1. Prviin Cetrti popis na nadmorskih visinah 960 m
in 1200 m uvr$¢amo v sedanjo asociacijo Ranunculo
platanifolii-Fagetum Marincek et al. 1993, kaze pa
tudi dolo¢eno podobnost z asociacijo Homogyno syl-
vestris-Fagetum Marincek et al. 1993.

V fitocenoloskih popisih so prisotne altimontan-
sko-subalpinske vrste, od katerih so nekatere diagno-
sticne za asociacijo npr. Adenostyles glabra in Polygo-
natum verticillatum ter kisloljubne vrste, npr. Coral-
lorhiza trifida, Huperzia selago, Larix decidua, Me-
lampyrum sylvaticum, Veronica urticifolia in Valeria-

1. popis: na tripteris.

»Drevesni sloj:

2.8.2. Drugi popis kaze na toploljubno bukovo zdruzbo:

Fagus silvatica 4.4.
Abies alba +
Picea excelsa +

Grmovni sloj:
Daphne mezereum+

Zeliscni sloj:

Cardamine trifolia +
Cardamine enneaphyllos +
Cardamine pentaphyllos +
Mercurialis perennis +
Cyclamen europaeum +
Majanthemum bifolium +
Lactuca muralis +
Lamium luteum +
Adenostyles glabra +
Senecio fuchsii +
Prenanthes purpurea +
Galium silvaticum +
Neottia nidus-avis +
Thesium alpinum +

Mahovi:
Ctenidium molluscum +.2

4. popis:

Fraxinus excelsior +
Acer pseudoplatanus +
Larix europaea +

Laburnum alpinum

Aposeris foetida +

Veronica urticifolia +
Homogyne silvestris +
Anemone hepatica +

Paris quadrifolia +
Helleborus niger +
Asplenium viride +

Carex alba +

Polygonatum verticillatum +
Lycopodium selago +
Nephrodium dryopteris +
Melampyrum silvaticum +
Valeriana tripteris +
Buphthalmum salicifolium +

»Drevesni sloj:

Fagus silvatica 3.3.
Ostrya carpinifolia 1.1
Abies alba +

Picea excelsa +

Grmovni sloj:
Abies alba +
Picea excelsa +
Fagus silvatica +

Zeliscni sloj:
Cardamine bulbifera +
Cardamine enneaphyllos +
Cardamine trifolia +
Anemone nemorosa +
Anemone hepatica +
Veronica urticifolia +
Lamium luteum +
Senecio fuchsii
Galium silvaticum +
Carex alba +

Mah:
Ctenidium molluscum +.2«

Acer pseudoplatanus +
Acer platanoides +
Fraxinus excelsior +
Larix europaea +

Daphne mezereum +
Lonicera alpigena +

Mercurialis perennis +
Salvia glutinosa +
Aspidium filix-mas +
Neottia nidus-avis +
Majanthemum bifolium +
Gentiana asclepiadea +
Valeriana tripteris +
Homogyne silvestris +
Oxalis acetosella +
Monotropa hypopitis

Popis je zabelezen na nadmorski visini 800 m. Zna-
¢ilna je prisotnost dveh toploljubnih drevesnih vrst: ¢r-
nega gabra (Ostrya carpinifolia) in ostrolistnega javora
(Acer platanoides), kar da misliti na zmerno toploljub-
ni bukov-¢érnogabrov gozd, Ostryo-Fagetum M.
Wraber ex Trinajsti¢ 1972, ki potrebuje namocenost z
vec kot 1000 mm padavin. To potrjuje tudi tretji popis

Drevesni sloj:
Fagus silvatica 4.4 Larix europaea 1.1
Grmovni sloj manjka.

Zeliscni sloj:

Helleborus niger 1.1 Lamium luteum +

Cardamine enneaphyllos +
Cardamine bulbifera +
Oxalis acetosella +
Luzula nemorosa +
Carex digitata +
Veronica urticifolia +
Hieracium murorum +
Cyclamen europaeum +
Prenanthes purpurea +
Lycopodium selago +
Aposeris foetida +
Asplenium viride +

Lisaj:
Fegatella conica +«

Polygonatum verticillatum +
Euphorbia amygdaloides +
Phyteuma orbiculare +
Mercurialis perennis +
Anemone nemorosa +
Anemone hepatica +
Malampyrum silvaticum +
Vaccinium myrtillus +
Corallorhiza trifida +
Epipactis sp. +

Neottia nidus-avis +
Lactuca muralis +

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

pred desetletji posekanega bukovega gozda, ki ga je

Cvek opravil na nadmorski vi$ini 840 m:

»Drevesni sloj:

]

Grmovni sloj:

Ostrya carpinifolia 3.3
Fagus silvatica 1.1.
Fraxinus excelsior +

Picea excelsa (pogozdena)+
Acer pseudoplatanus +

Zeliscni sloj:
Mercurialis perennis 1.1.
Lamium luteum 1.1.

Sambucus nigra +
Sambucus racemosa +
Daphne mezereum +
Laburnum alpinum +
Solanum dulcamara +

Melampyrum silvaticum +
Galeopsis speciosa +
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Salvia glutinosa +
Epipactis latifolia +
Senecio fuchsii +
Nephrodium filix-mas +

Polystichum lobatum +
Galium silvaticum +
Gentiana asclepiadea +
Majanthemum bifolium +

Zeliscni sloj:

Carex alba 3.3
Mercurialis perennis 2.2
Cardamine trifolia 1.1

Aconitum spec. +
Digitalis ambigua +
Gentiana asclepiadea +

Oxalis acetosella +
Cyclamen europaeum +
Viola silvatica +
Cardamine trifolia +
Epilobium montanum +

Angelica silvestris +
Veronica urticifolia +
Corallorhiza trifida +
Vaccinium myrtillus +

Popis kaze zarascanje dvajsetletne poseke, kjer do-
minira ¢rni gaber (Ostrya carpinifolia).«

Glede na to, da so bazi¢ni bukovi gozdovi floristic-
no bogati, nas presenecajo Cvekovi fitocenoloski popisi
z majhnim $tevilom rastlinskih vrst. Razlogov je lahko
vec: sicer vkaterem letnem casu je bil fitocenoloski popis
opravljen, ali kot Ze omenjeno, da je Cvek spremljal iz-
klju¢no le sestoje, bogate z vrstami rodov Cardamine in
Dentaria. Primerno bi bilo, da bi Cvek popisoval tudi
pomladanski aspekt zdruzb, kjer se obilno pojavlja po-
mladanska flora. Manjka tudi poznopoletni in jesenski
aspekt zdruzb.

Zaradi Sirokega razpona asociacije, ki je segala od
kolinskega do altimontanskega oziroma subalpinskega
pasu, se v njej skrivajo Se druge bazi¢ne bukove asociaci-
je, ki tedaj niso bile znane. Tu predvsem mislimo na bu-
kovi asociaciji montanskega pasu Lamio orvalae- Fage-
tum (Ht. 1938) Borhidi 1963 in Arunco-Fagetum Z.
Kosir ex Ht. et al. 1974.

2.9. Za zdruzbo Fagetum caricetosum albae
(nom. nud.)

pise Cvek, da je »posebna vrsta bukovega gozda s prisot-
nostjo toploljubnih vrst Ostrya carpinifolia, Euonymus
verrucosa, Carex alba in Peucedanum austriacume«. Po-
jasnjuje, da se je ta »tip bukovega gozda razvil iz nekda-
nje zdruzbe, ki je spadala v zvezo Orneto-Ostryon. S ko-
picenjem humusa in s tem v zvezi tudi tal, so nastale
moznosti uspevanja bukve«.

Cvek nam s pri¢ujo¢im popisom predstavlja tedanje
stanje fitocenoze:

»Drevesni sloj:
Fagus silvatica 4.4
Ostrya carpinifolia +

Fraxinus excelsior +?

Grmovni sloj:

Fagus silvatica +
Picea excelsa +
Rhamnus frangula + ?
Lonicera xylosteum +

Euonymus verrucosa +
Lonicera alpigena +
Euonymus alpigena +

Helleborus niger 1.1
Cardamine bulbifera +
Anemone hepatica +
Cardamine pentaphyllos +
Cynanchum vincetoxicum +
Peucedanum austriacum +
Polygonatum officinale +
Hacquetia epipactis +
Cyclamen europaeum +
Actaea spicata +

Salvia glutinosa +
Primula acaulis +
Nephrodium filix-mas +
Clematis vitalba +
Neottia nidus-avis +
Aposeris foetida +
Euphorbia amygdaloides +
Galium silvaticum +
Scrophularia nodosa +
Lamium luteum +«

Popis kaze na toploljubnost zdruzbe. Poleg zgoraj
nastetih Stirih vrst je Se prisotnih enajst toploljubnih
vrst: Clematis vitalba, Cynachum vincetoxicum (=Vin-
cetoxicum hirundinaria), Digitalis ambigua (=D.
grandiflora), Euonymus alpigena (=E. latifolia?), Loni-
cera xylosteum, Primula acaulis in Rhamnus frangula.
Posebnega pomena je prisotnost jugovzhodnoevrop-
sko-ilirske flore: Aposeris foetida, Cardamine trifo-
lia, Cyclamen purpurascens, Hacquetia epipactis in
Helleborus niger. Gre za spodnjemontanski-montan-
ski ilirski bukov gozd Hacquetio-Fagetum Z. Kosir ex
Ht. et al. 1974. Verjetno je bil gozd delezen pretiranega
antropogenega vpliva (pretirane se¢nje, pasa ipd.), za-
radi Cesar se je razbohotil beli $a$ (Carex alba) in je
nastala subasociacija Hacquetio-Fagetum caricetosum
albae. Zal Cvek ne navaja nadmorske visine popisa.

2.10. Pri vegetacijskiem kartiranju (najverjetneje
v letih 1953-54) je Cvek opisal zdruzbo Tilieto-
-Aceretum,

ki pa je ni objavil v pri¢ujo¢em elaboratu (1955). Pa¢ pa
je Kosir v svoji diplomski nalogi leta 1953 objavil isto fi-
tocenozo pod imenom Ostryo-Tilietum, ki jo je pozneje
preimenoval (ali so jo preimenovali) v Tilio cordatae-
Aceretum platanoidis ostryetosum carpinifoliae Z.
Kosir 1954. Primerjava Cvekovega fitocenoloskega po-
pisa s fitocenolosko tabelo Kosirja kaze, da gre za isto
zdruzbo. Popis je naslednji:

»Drevesni sloj:

a) nadstojni:

Tilia cordata 1.1
Ostrya carpinifolia 1.1
b) podstojni:

Acer platanoides 1.1.
Fagus silvatica 1.1
Tilia cordata +
Grmovni sloj:
Laburnum alpinum +

Fagus silvatica +
Acer platanoides +

Carpinus betulus +
Acer pseudoplatanus +

Picea excelsa +

Acer platanoides +
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Rhamnus fallax +
Daphne mezereum +
Rosa pendulina +
Lonicera alpigena +

Sambucus nigra +
Fagus silvatica +
Solanum dulcamara +
Atragene alpina +

Zeliscni sloj:
Mercurialis perennis 1.1
Asarum europaeum 1.1
Galium silvaticum 1.1
Carex alba 1.3

Cirsium erisithales +
Hacquetia epipactis +
Cyclamen europaeum +
Platanthera bifolia +
Gentiana asclepiadea +
Lactuca muralis +
Actaea spicata +
Pulmunaria officinalis +
Prenanthes purpurea +
Asplenium viride +

Nephrodium dryopteris +.2
Anemone hepatica +
Solidago vigraurea +
Polygonatum officinalis +
Lamium luteum +

Salvia glutinosa +

Rubus saxatilis +
Athyrium filix-femina +
Carex digitala +

Paris quadrifolia +
Aconitum napellus
Veronica urticifolia +
Asplenium trihomanes +
Calamagrostis varia +.3

Mahovi:
Neckera complanata 1.3
Botrichia spec. +

Ctenidium molluscum 1.3
Fissidens taxifolius +.2«

Domnevamo, da se Cvek ni strinjal s Kosirjem glede
poimenovanja zdruzbe, ki jo je Kosir objavil dve leti prej
(1953) kot Cvek v elaboratu za habilitacijo (1955), v kate-
rije bil pri¢ujoci popis. Kosir je v diplomi objavil fitoce-
nolosko tabelo z 20 popisi. Vsekakor je moral biti Cvek
kot vodja terenskih raziskav in vegetacijskga kartiranja
in kon¢no avtor vegetacijske karte Kamniske Bistrice
seznanjen s Kosirjevimi raziskavami. Zanimivo je, da
Kos1r (1953) Cveka v svoji diplomski nalogi sploh ne
omenja, enako tudi Cvek ne Kosirja, vsaj ne vnam zna-
nem delu njegove habilitacijske naloge. Pozneje je tudi
Kosirjevo tolmacenje znacilnih in razlikovalnih vrst
asociacije dozivelo spremembe (ZUPANCIC & ZAGAR
2013).

2.11. Zdruzbo Ostryeto-Fagetum M. Wraber ex
Trinajstic¢ 1972

je Cvek raziskoval najbolj poglobljeno in jo v elaboratu
predstavil z enajstimi fitocenoloskimi popisi. Ugota-
vlja »posebnost rastisca in podnebja, ki omogocata sobi-
vanje bukve, ki je drevo gostega sklopa in sonca ter érne-
ga gabra, ki je drevo svetlobe in toplih rastis¢«. Nadalje
ugotavlja, da v tej zdruzbi »mocno previadujejo rastline
iz zveze Fagion, primesane pa so rastline iz zveze Orne-
to-Ostryon«.

Leto dni prej, 1954, je Wraber porocal o asociaciji
Ostryeto-Fagetum na mednarodnem bioloskem kon-
gresu v Parizu (WRABER 1960), ki jo je pozneje (1962)
prikjucil kot subasociacijo v okviru asociacije Dentario-
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-Fagetum ostryetosum in nato zopet (1960, 1964) kot
asociacijo Ostryo-Fagetum M. Wraber (1954) 1960.
Cvekjeraziskoval vegetacijo Kamniske Bistrice verjetno
ze leta 1953, zagotovo pa od leta 1954, ko se je vrnil s
specializacije pri Horvatu v Zagrebu (1952). Sklepamo,
da sta Wraber in Cvek socasno zaznala novo asociacijo
Ostryo-Fagetum. Ker je prvo analitsko tabelo te asocia-
cije objavil Sele TRINAJSTIC (1972), njeno avtorstvo pa
pripisal Wraberju, je po pravilih Kodeksa avtorski citat
Ostryo-Fagetum Wraber ex Trinajsti¢ 1972. Najbrz je
prvo analitsko fitocenolosko tabelo te asociacije dejan-
sko izdelal Cvek, ¢eprav le v habilitacijski nalogi, bi
morda imel celo pravico do avtorstva. Zanimiva je
Cvekova ugotovitev: »Z ozirom na posebne rastiscne
razmere in na sedanjo drevesno vegetacijo, je ta zdruzba
za sedanje case in dogledno bodocnost, lahko recemo,
trajnega znacaja«.

Fitocenolosko tabelo objavljamo v sintezni obliki in
dodajamo detajl iz izvirnika (SI. 1).

VRSTA s.n’
Drevesni sloj:

Fagus silvatica \Y%
Ostrya carpinifolia \4
Fraxinus ornus v
Acer pseudoplatanus 11
Sorbus aria I
Picea excelsa 111
Acer platanoides 111
Ulmus scabra 1

Grmovni sloj:

Daphne mezereum v
Fagus silvatica v
Lonicera alpigena 111
Picea excelsa 111
Fraxinus ornus 11
Acer pseudoplatanus 11
Lonicera xylosteum 11
Abies alba II
Rosa spec. 1
Rhamnus fallax I
Evonymus verrucosa 1
Corylus avellana I
Ulmus scabra 1
Carpinus betulus I

Zelis¢ni sloj:
Mercurialis perennis
Cyclamen purpurascens
Galium silvaticum
Calamagrostis varia
Lamium luteum
Carex alba

Fraxinus ornus
Anemone hepatica
Gentiana asclepiadea
Asarum europaeum

SIS




MITJA ZUPANCIC & ANDREJ ROZMAN: PRVA FITOCENOLOSKA RAZISKOVANJA V KAMNISKI BISTRICI

»Drevesni sloj:
Picea excelsa 3.3

Grmovni sloj:
Picea excelsa +
Daphne mezereum +

Zeliscni sloj:

Calamagrostis varia 2.3
Luzula nemorosa 1.1
Anemone hepatica 1.1
Corallorhiza trifida 1.1
Melampyrum silvaticum +
Luzula silvatica +
Anemone nemorosa +
Hieracium murorum +
Buphthalmum salicefolium +
Atragene alpina +
Veratrum album +
Lamium luteum +
Cardamine enneaphyllos +
Aposeris foetida +

Veronica lutea +
Ranunculus aconitifolius +?
Campanula persicifolia +?
Cardamine trifolia +

Mahovi:

Dicranum scoparium +.1
Hypnum splendens +.1
Eurhynchium striatum +.1
Isothecium myurum

Larix europaea +

Salix caprea +

Mercurialis perennis +
Senecio abrotanifolius +
Hypericum sp. +
Valeriana tripteris +
Parnassia palustris +
Primula spec. +

Fragaria vesca +
Nephrodium dryopteris
Astrantia minor
Asplenium viride +
Helleborus niger +
Euphorbia amygdaloides
Stachys jacquinii
Thalictrum aquilegifolium +
Nephrodium phegopteris
Asplenium ruta-muraria +
Oxalis acetosella +

Peltigera canina. +
Hylocomium triquetrum +.1
Plagiochila asplenioides +
Ctenidium molluscum«

Cirsium erisithales \Y%
Prenanthes purpurea \Y%
Salvia glutinosa v
Veronica urticifolia v
Polygonatum multiflorum v
Acer pseudoplatanus v
Senecio fuchsii v
Carex digitata v
Ostrya carpinifolia v
Nephrodium robertianum v
Cardamine bulbifera 111
Cynanchum vincetoxicum 111
Primula acaulis 111
Viola spec. 111
Lactuca muralis 111
Solidago virgaurea 111
Lamium orvala 111
Asplenium viride 111
Actaea spicata 111
Nephrodium filix-mas 111
Polystichum lobatum 111
Campanula trachelium 111
Asplenium trichomanes 111
Lilium martagon 111
Neottia nidus-avis 111
Aposeris foetida 111
Cardamine pentaphyllos 111
Homogyne silvestris 111
Hacquetia epipactis 111
Stachys jacquinii 11
Laburnum alpinum 11
Picea excelsa I
Clematis vitalba 11
Peucedanum austriacum 11
Cardamine trifolia 1I
Euphorbia amygdaloides 11
Oxalis acetosella 11
Paris quadrifolia 11
Majanthemum bifolium 1I
Cardamine enneaphyllos 11

2.12. Cvek ugotavlja, »da so smrekovi gozdovi v
Kamniski Bistrici na redkih mestih in na manjsih povr-
Sinah«.

Deli jih v tri skupine (grupe): na »zgornji meji gozdne
vegetacije, v nizZjih predelih na velikih skalnatih podorih,
na kisli podlagi ali na kisli podlagi, presuti z apnencem.
Geoloska podlaga je vecinoma apnenec. Sestojni sklopi
so redki od 0,2 do 0,6, kar je vecinoma znacilno za na-
ravne smrekove gozdove, zlasti v subalpski ali altimon-
tanski stopnji.« Fitocenoloski popis je zabelezil le za:

2.12.1. Tip Larix-Picea (nom. nud.) na nadmorski vi-
$ini 1450 m s sklopom 0,6:

3 stopnja navzoénosti

Opomba: vrsta Ranunculus aconitifolius je zagotovo R.
platanifolius, Campanula persicifolia pa je malo verje-
tna na nadmorski vis$ini 1350, morda C. witasekiana ?
(DAKSKOBLER, ustno).

To je smrekov gozd na zgornji meji gozdne vegeta-
cije redkega sestoja sklopa in floristi¢cno zelo obubo-
zan. V popisu je osem subalpinskih vrst: Clematis alpi-
na (Atragene alpina), Larix decidua, Luzula sylvatica,
Melampyrum sylvaticum, Ranunculus aconitifolius,
Senecio abrotanifolius. Sem lahko uvrs¢amo $e na-
skalni vrsti Asplenium viride in A. ruta-muraria. Ki-
sloljubnost popisanega rastis¢a nakazuje naslednjih
devetnajst piceetalnih vrst: zgoraj nastete subalpinske
vrste brez vrst rodu Asplenium sp. ter Aposeris foeti-
da, Calamagrostis varia. Ne izklu¢ujemo moznost, da
je tudi prisotna vrsta Calamagrostis arundinacea, Co-
rallorhiza trifida, Dicranum scoparium, Hieracium
murorum, Hylocomium splendens (Hypnum splen-
dens), Luzula luzuloides (L. nemorosa), Oxalis aceto-
sella, Paederota lutea (Veronica lutea), Phegopteris
connectilis (Nephrodium phegopteris), Gymnocarpi-
um dryopteris (Aspidium dryopteris), Rhytidiadelp-
hus triquetrus (Hylocomium triquetrus) in Valeriana
tripteris. Zaradi apnencastega skalovitega terena se
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pojavlja osem bazifilnih vrst: Betonica alepecurus
(Stachys jaquinii), Buphthalmum salicifolium, Carda-
mine enneaphyllos, Euphorbia amygdaloides, Galeob-
dolon flavidum (Lamium luteum), Helleborus niger in
Mercurialis perennis. Glede na zgornjo razvrstitev
flore v pri¢ujocem popisu bi lahko to smrekovo zdruz-
bo opredelili kot Adenostylo-Piceetum M. Wraber ex
Zukrigl 1973 corr. Zupancic¢ 1993 var. geogr. Cara-
mine trifolia Zupanci¢ 1999 ali morda celo za Pre-
nantho-Piceetum Zupancic¢ 1999, ki je pogosta v Ka-
ravankah in na Pokljuki. Cvek ugotavlja, »da ta smre-
kov gozd v Kamniski Bistrici nima velike gospodarske
vrednosti, pac pa varstveno, ker zarasca strmine, ki so
izpostavljene ujmam .«

2.12.2. Suhi Piceetum (nom nud.) »se pojavija v dolini
ali na zaravnicah v pobocjih, kjer so grohotna tla (ka-
mnitost in skupine velikih apnencastih skalnih blokov).
Bloki in skale so zamahovljene, ki jih zarasca smreka, ki
korenini v razpokah med skalovjem.« K tekstu ni dodan
fitocenoloski popis, tako le sklepamo, da bi lahko $lo za
zdruzbo Asplenio-Piceetum Kuoch 1954 ali za Labur-
no alpini-Piceetum Zupanci¢ 1999 ali za Rhamno
fallaci-Piceetum Zupancic 1999. Cvek ugotavlja, da je
to »smrekov gozd na bazicnih tleh, ki nima znacilnih ra-
stlin smrekovega gozda v zelis¢nem sloju« (plasti). Iz tega
lahko sklepamo, da ima fitocneoza le malo piceetalnih
vrst, tako vaskularne flore kot mahov. Mahovi pa so
verjetno mesanica kisloljubnih in bazi¢nih mahov.

2.12.3. Vlazni Piceetum (nom. nud.) je na »kisli podla-
gi v nadmorski visini 1300 m in ima visokogorski karak-
ter. Ostanek tega gozda je na Dolu in Brusniku.« Cvek
pojasni, »da polnoveljavnega fitocenoloskega popisa ni
bilo mogoce napraviti. Ocuvani so ostanki nekdanjega
rastlinstva smrekovega gozda. To so npr.: Blechnum spi-
cant, Huperzia selago (Lycopodium selago), Luzula lu-
zulina, L. sylvatica, Lycopodium annotinum, Melam-
pyrum sylvaticum, Moneses uniflora (Pyrola uniflora),
Rhytidiadelphus loreus (Hylocomium loreum), Saxifraga
cuneifolia, Vaccinum myrtrillus in e nekatere druge«. 1z
zgornjega nabora piceetalnih vrst ni mogoce toc¢no
ugotoviti smrekove zdruzbe. Nastete vrste so splosno
razsirjene v smrekovih zdruzbah. Ce gre za vlazni Pi-
ceetum, je to lahko Adenostylo glabrae-Piceetum M.
Wraber ex Zukrigl 1973 em. Zupancic¢ 1999. Mogoca
je tudi bolj vlazna smrekova zdruzba Rhytidiadelpho
lorei-Piceetum (M. Wraber 1953) Zupancic¢ 1999. Bolj
se nagibamo k prvi zdruzbi Adenostylo glabrae-Picee-
tum, ki ima nekaj vlagoljubne flore, predvsem vrste
Adenostyles glabra, A. alleriae, Cicerbita alpina,
Dryopteris expansa, Polystichum lonchitis, Thelypte-
ris limbosperma idr., ki pa jih Cvek ne omenja. Za

drugo zdruzbo Rhytidiadelpho lorei-Piceetum so zna-
¢ilne Stevilne vrste mahov, zlasti piceetalni, ter pogosto
prisotna brinolistni in brezklasi lisi¢jak. Tudi za to fi-
tocenozo Cvek ni objavil fitocenoloskega popisa.

2.13. Abieto-Blechnetum oziroma Blechno-Abie-
tetum Ht. 1950

je bila splosno razumljena kot kisloljubna jelova zdruz-
ba, dokler ni o njej pisal Wraber leta 1958 in 1959 v
znanstveni razpravi o kisloljubnih jelovih zdruzbah
Bazzanio-Abietetum M. Wraber 1958 in Galio rotun-
difolii-Abietetum M. Wraber 1959. Cvekov popis v ela-
boratu kaze, da gre za asociacijo Bazzanio-Abietetum
M. Wraber 1958:

»Drevesni sloj:
Abies alba 4.4
Picea excelsa +

Fagus silvatica +

Grmovni sloj:
Carpinus betulus 1.1.
Fagus silvatica 1.1
Picea excelsa +

Daphne mezereum +
Ostrya carpinifolia +°

Zeliscni sloj:

Blechnum spicant +.1
Lycopodium selago +.2
Pirola uniflora +.1
Hieracium murorum 1.1
Luzula pilosa 1.1

Solidago virgaurea +
Polystichum lobatum +
Aposeris foetida +
Veronica officinalis +°
Rubus saxatilis +
Gentiana asclepiadea 1.1 Ranunculus lanuginosus +
Cardamine trifolia 2.2 Herophylum hirsutum +
Calamagrostis arundinacea 2.2 Prenathes purpurea +
Athyrium filix-femina 1.1 Veronica urticifolia +°
Aspidium filix-mas 1.1 Salvia glutinosa +
Sanicula europaea 1.1 Tussilago farfara +
Oxalis acetosella 1.1 Majanthemum bifolium +
Carex digitata 1.1 Fragaria vesca +

Ajuga reptans 1.1 Hedera helix +°

Viola silvestris + Euphorbia carniolica +
Senecio fuchsii + Hypericum montanum +°

Mahovi:

Bazzania trilobata 1.3
Plagiochla asplenioides 2.3
Polytrichum attenuatum 1.3
Hylocomium loreum 1.2
Hookeria lucens 1.2
Thuidium tamariscinum +.2

Catharinaea hausknechtii +.2
Hylocomium triquetrum 1.2
Mnium undulatum +.2
Cladonia pyxydata +.2
Leucobryum glaucum +.2«

O jelovi zdruzbi v Kamniski Bistrici pravi Cvek, da
je »na svoji spodnji meji, ki Ze meji na Querco-Capine-
tum (Carpinetum s. lat.), kar kaZe prisotnost belega
gabra (Carpinus betulus) in gradna (Quercus petraea)«.
Asociacija Bazzanio - Abietetum ni vezana na vi$inski
pas in se pojavlja od kolinskega do montanskega pasu
kot edafsko pogojena zdruzba na zelo vlaznih kislih
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tleh. Zanimivo je Cvekovo razmisljanje o sukcesiji
zdruzbe po goloseku, ki naj bi $el »preko zarascanja s
trepetliko in ivo ponovno v zdruzbo jelke.« Odlo¢no pa
nasprotuje »sadnji smreke, ker Ze itak prevec kislo pod-
lago smrekovi nasadi Se bolj zakisajo in s tem degradira-
jo tla«. V Sloveniji ni znano pojavljanje asociacije Ble-
chno-Abietetum. Siroko zajeta Horvatova asociacija
Blechno-Abijetetum verjetno vsebuje tudi asociacijo
Galio rotundifolii-Abietetum na bolj suhih koluvial-
nih tleh.

2.14. Querceto-Ostryetum carpinifoliae (Horvat)
Ostryeto-Fraxinetum (Tomazic)

Vse kaze, da je zelel dati Cvek prednost pri poimeno-
vanju te grmis¢ne zdruzbe nasemu fitocenologu To-
mazic¢u. Horvat je validno (pravilno) opisal zdruzbo
Querco-Ostryetum Ht. 1938 s ¢rnim gabrom (Ostrya
carpinifolia) in hrastom puhavcem (Quercus pube-
scens). V Cvekovem popisu ni hrasta puhavca. Toma-
zi¢evo poimenovanje zdruzbe Ostryo-Fraxinetum To-
mazic¢ 1940 (prov.) je provizori¢no ime, ki pa jo je Ai-
chinger Ze leta 1933 validno opisal kot Fraxino orni-
Ostryetum carpinifoliae Aichinger 1933. Tezko je
verjeti, da Cvek ne bi bil seznanjen s to Aichingerjevo
zdruzbo. Cvekov fitocenoloski popis nazorno kaze na
to asociacijo popisano, na Moseniku, 1000 m nad mor-
jem:

[ F ]

»Drevesni sloj:
Ostrya carpinifolia 2.2
Fraxinus ornus 2.2

Sorbus aria +

Grmovni sloj:
Fraxinus ornus 1.1
Sorbus aria +

Rhamnus cathartica +

Zelis¢ni sloj:

Erica carnea 1.2
Calamagrostis varia 2.2
Carex alba 3.3
Buphthalmum salicifolium 1.1
Origanum vulgare 1.1
Thymus serpyllum 1.1
Cyclamen europaeum +
Stachys jacquinii +
Peucedanum austriacum-+
Salvia glutinosa +

Cynachum vincetoxicum +
Galium spec. +

Viola spec. +

Campanula scheuchzeri +
Asplenium ruta-muraria +
Teucrium montanum +
Fraxinus ornus +

Ostrya carpinifolia +
Alium spec. +

Hypericum spec. +«

Zanimivo je Cvekovo razmisljanje o zdruzbi: »ki
uspeva v skalnih strminah« in je »zelo osiromasena obli-
ka zdruzbe puhastega hrasta in crnega gabra. /.../ zdruz-
ba je ze tako dalec na svoji zgornji meji, da se v njej na-
hajajo lahko Se samo njeni najodpornejsi floristicni
predstavniki. |...| Puhastega hrasta sploh ni vec opaziti«.
Da Cvek ni bil seznanjen z Aichingerjevo monografijo
vegetacijskih zdruzb Karavank, daje misliti o tedanji
nedostopnosti tuje literature, ki je pri nas postala bolj
dostopna Sele ob koncu petdesetih 0z. na zacetku Sest-
desetih let prej$njega stoletja, ko so bila sproscena de-
vizna sredstva za nakup tuje znanstvene literature.

In—llr-l—hl_lm-— =l H--n- ] L
) -
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SI. 2: Obmocje kartiranja gozdnih zdruzb v dolini Kamniske Bistrice.
Fig. 2: The forest communities mapping area of in the Kamniska Bistrica Valley.
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2.15. Quercetum na kisli podlagi »se nahaja na majh-
ni povrsini, kjer je zelo izsekana drevesna plast«.

Zaradi povrsinske majhnosti in izsekanosti objekta
Cvek ugotavlja, »da je njena tocnejsa preucitev izkljuce-
na.« Nadaljuje pa z mislijo, da »Ze povrsni pogled na to
rastisce daje slutiti, da se nahajamo na terenu hrastove-
ga gozda na kisli podlagi. Gradni, trepetlike, ive in breze

v drevesnem sloju, ter obilica prisotnosti jesenskega
vresja v zeliscnem sloju so jasni indikatorji tega gozdne-
ga tipa.« Glede na ta skop opis gradnovega gozda bi
tvegali, da ga uvrstimo v asociacijo Calluno-Querce-
tum (Marincek 1973) Marincek & Zupancic 1995. To
je sekundarni gozd na potencialno naravni zdruzbi
Castaneo-Fagetum Marinc¢ek & Zupancic¢ (1979) 1995.

3. OPIS FITOCENOLOSKE KARTE KAMNISKE BISTRICE

Poleg elaborata Opis gozdnih zdruzb doline Kamniske
Bistrice, je inz. Cvek izdelal tudi pripadajoco Fitoce-
nolosko karto za obmodje gozdne uprave Kamniska
Bistrica (slika 2). Na karti subasociacija Rhodotha-
mno-Rhododendretum mugetosum, ki je v elaboratu
sicer opisana kot alpska grmis¢na zdruzba rusja nad
gozdno mejo, ni prikazana, ampak so narisani le po-
ligoni nizjelezec¢ih gozdnih zdruzb. Za potrebe ana-
lize fitocenoloske karte smo rokopisno karto foto-
grafirali (slika 3) in sliko geokodirali, nato pa s po-
mocjo GIS orodij digitalizirali v vektorski zapis
(slika 6).

3.1. Povrsine kartiranih sintaksonov

Karta, narisana na kartografski podlagi v merilu
1:10.000, je izdelana precej natancno, saj je Cvek izlo-
cal poligone velikosti ve¢ kot od 0,1 ha, manj kot 20 %
vseh poligonov je manjsih od 1 ha. Najvecje povrsine
pokrivajo bukova rastisca, kar je ve¢ kot 70 % vseh
gozdnatih povrdin (preglednica 1). Dale¢ najvec,
nekaj manj kot 64 %, pokrivajo zdruzbe asociacije
Cardamineto-Fagetum, ki je bila v tistem c¢asu obrav-
navana na nivoju makroasociacije in po danasnjih
dognanjih zajema vecje Stevilo asociacij od submon-

Preglednica 1: Povr$ine gozdnih zdruzb v dolini Kamniske Bistrice.
Table 1: Areas of forest communities in the Kamniska Bistrica valley.

Gozdna zdruzba - Cvek Veljavno ime sintaksona Povrsina (ha) Delez (%)

Cardamineto-Fagetum Ostryo-Fagetum M. Wraber ex Trma!stvlc 1972 in 21275 50.4
Ranunculo platanfolii-Fagetum Marincek et al. 1993

Cardamineto-Fagetum laricetosum Ranunculo platanfolii-Fagetum Marincek et al. 1993 155.2 4.3

Ostryeto-Fagetum Ostryo-Fagetum M. Wraber ex Trinajsti¢ 1972 152.7 4.3

Stadij Picea Carex alba (comm.) Anemono trifoliae-Fagetum Tregubov 1962 var. Picea abies 86.2 2.4

Fagetum caricetosum albae Hacquetio-Fagetum 7. Kosir ex Ht. et al. 1974 30.6 0.9
Adenostylo-Piceetum M. Wraber ex Zukrigl 1973 corr. Zupancic¢

Tip Larix-Picea (nom. nud.) 1993 var. geogr. Caramine trifolia Zupan¢ic 1999 / Prenantho- 171.5 4.8
-Piceetum Zupancic 1999
Asplenio-Piceetum Kuoch 1954 / Laburno alpini-Piceetum

Piceetum Zupanci¢ 1999 / Rhamno fallaci-Piceetum Zupanci¢ 1999 / 30.4 0.9
Adenstylo glabrae-Piceetum M. Wraber ex Zukrigl 1973 em. ’ )
Zupancic 1999

Rhodothamneto-Rhodoretum laricetosum | Rhodothamno-Laricetum deciduae Willner et Zukrigl 1999 189.4 5.3

P . Rhodothmano-Laricetum deciduae Willner et Zukrigl 1999 ostr-

Sestoj Larix Ostrya zdruzba (comm.) yetosum Dakskobler 2006 69.8 1.9

Querceto-Carpinetum Querco-Carpinetum Ht. (1938) 1949 128.4 3.6

Querceto-Ostryetum carpinifoliae Fraxino orni-Ostryetum carpinifoliae Aichinger 1933 101.8 2.8

Cariceto remotae-Fraxinetum Carici remotae-Fraxinetum excelsioris W. Koch 1925 17.6 0.5

Cariceto remotae-Fraxinetum abietetosum| Carici remotae-Fraxinetum excelsioris W. Koch 1925 abietetosum 96.2 2.7

Cariceto remotae-Fraxinetum alnetosum | Carici remotae-Fraxinetum excelsioris W. Koch 1925 alnetosum 1.2 0.0

Acereto-Fraxinetum Lamio orvalae-Aceretum pseudoplatani P. Kosir & Marincek 1999 62.6 1.7

Tilieto-Aceretum platanoidis %iolg(i)rci)ggztae—Aceretum platanoidis ostryetosum carpinifoliae Z. 571 16

Abieto-Blechnetum Bazzanio-Abietetum M. Wraber 1958 78.9 2.2

Abieto-Calamagrostidetum Calamagrostio-Abietetum Ht. (1950) 1962 17.9 0.5

. 1 . Calluno-Quercetum (Marincek 1973) Marincek & Zupancic¢
Quercetum, na kisli podlagi 1995 / Castaneo-Fagetum Marincek & Zupancic (1979) 1995 47 0.1
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Madmorska vigina (m n.m.)
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Cancelo remotae-Fraxinefum abiatolpsim =
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Osiryelo-Fagetum =
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Cardarminelo-Fagetum larcelosim —
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Rhodothamnelo-Rhodoretum laricelosum —

------ i =
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SI. 4: Nadmorska visina kartiranih gozdnih zdruzb doline Kamniske Bistrice, sintaksoni so urejeni po narasc¢ajoci mediani.
Fig. 4: Altitude of mapped forest communities of the Kamniska Bistrica Valley, syntaxa are arranged in a rising median. Syn-

taxa are arranged in ascending order of median.

tanskega do subalpinskega pasu. Sem so po fitoceno-
loskih popisih sode¢ delno uvrscena tudi toploljubna
bukovja asociacije Ostryo-Fagetum, ki je sicer na karti
predstavljena tudi samostojno, zato skupne povrsine
teh rastis¢ ne moremo oceniti. Vsekakor jih je vec kot
4,3 %, kolikor jih je Cvek kartiral samostojno. Smre-
kovja pokrivajo nekaj manj kot 6 % obmocja, sem
smo Steli tudi stadij z macesnom. Macesnovja pokri-
vajo 7,2 % povrsine, ve¢inoma so to naravna rastisc¢a
macesna ob zgornji gozdni meji (Rhodothamno-Rho-
dodendretum laricetosum = Rhodothamno-Larice-
tum), nekaj pa je tudi nizjelezecih rastis¢ subasociaci-
je ostryetosum.

Med rastisca jelke lahko poleg rastiS¢ asociacije
Abieto-Blechnetum (=Bazzanio-Abietetum) in Abieto-
-Calamagrostidetum (=Calamagrostio-Abietetum) uvr-
stimo Se susnejSa rasti§ca asociacije Carici remotae-
-Fraxinetum, ki jih je zaradi vecjega deleza jelke Cvek
kartiral kot subasociacijo abietetosum in skupaj pokri-
vajo 5,4 % (193 ha) povrsine. Uravnane ravninske dele
v dnu doline ve¢inoma porascajo fitocenoze asociacije
Querceto-Carpinetum (Querco-Carpinetum).

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

3.2. Ekoloske razmere v sestojih kartiranih sin-
taksonov

Pri opisu ekoloskih razmer smo si pomagali z digital-
nim modelom reliefa (DMR). Po nadmorski visini
(slika 4) je najbolj variabilna asociacija Cardamineto-
-Fagetum, kjer je kvartilni razmik (QR) 870 od 1230 m
n.m., sega pa od 500 m n.m. do zgornje gozdne meje na
visini 1630 m n.m. Vi§je se pojavljajo smrekovja (QR:
1330 - 1530 m n.m.) in macesnovja (QR: 1410 - 1610 m
n.m.), do viSine 1730 m oz. 1750 m n.m. Fitocenoze
preostalih asociacij porascajo pretezno rastis¢a pod
1000 m n.m., nizinska obmoc¢ja v dnu doline pokrivajo
rastiS¢a Querceto-Carpinetum, kjer gre vecinoma za
uravnave in blage nagibe (slika 5).

Glede na heterogenost zdruzb, ki so vkljucene v
sintakson Cardamineto-Fagetum, se ti sestoji pojavljajo
v vseh nebesnih legah na znatnih nagibih, saj porasca-
jo velike povrsine pobodij doline Kamniske Bistrice
(slika 5). Fitocenoze asociacije Abieto-Calamagrostide-
tum in subasociacije Cariceto remotae-Fraxinetum abi-
etetosum se pogosteje pojavljajo v osojnih legah, vecina
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“"SnBHERES

SI. 5: Roze nebesnih leg s prikazom povprecne strmine po sintaksonih.
Fig. 5: Rose plots of exposition in combination with mean slope in each sintaxon.
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ostalih zdruzb pa porasca toplejse lege. Najstrmejse
terene porascajo zdruzbe s ¢rnim gabrom, macesnom
ter lipovcem (Larix-Ostrya, Picea-Larix, Querceto-Ost-
ryetum, Ostryeto-Fagetum, Rhodothamno-Rhodoretum
laricetosum, Tilieto-Aceretum).

Poleg obravnavane fitocenoloske karte Stanka
Cveka, obstaja $e druga karta obmocja Kamniske Bi-
strice, ki so jo v priblizno istem obdobju izdelali na

takratni Agronomsko gozdarski fakulteti (slika 7),
morda je avtor prav prof. Tomazic s sodelavci (a najbrz
na podlagi karte S. Cveka), kateri so izdelali tudi elabo-
rat. Glede na robustnejso izdelavo na platnu gre skle-
pati, da so jo uporabljali za $tudijske namene. V pri-
merjavi s karto, ki jo je izdelal Cvek, ima ta karta nekaj
vec vegetacijskih enot (25), v splosnem pa so meje poli-
gonov enot precej podobne prvi.

4. SKLEPNE MISLI

Cvekov elaborat oziroma njegov fitocenoloski del z ve-
getacijsko karto, ki je bil podlaga za njegovo habilitaci-
jo na Gozdarskem oddelku Fakultete za agronomijo in
gozdarstvo, je pionirsko delo. Za tisti cas, petdeseta
leta prejs$njega stoletja, je bil uporabljen zelo sodoben
pristop s korektnimi opisi tedaj znanih gozdnih zdruzb
in s presenetljivo dobrimi napotki za gojenje gozdov na
podlagi fitocenoloskih raziskav. Zdaj imamo pred
seboj torzo tega elaborata, z vegetacijsko karto, ki je
bila plod njegovega terenskega dela. Verjetno je bil med
prvimi tako zasnovanimi elaborati. Tu imamo v mislih
e elaborat Tregubova za Leskovo dolino na Snezni-
skem pogorju, izdelan verjetno v istem &asu. Ce pri-
merjamo obe raziskovani obmog¢ji, kamniskobistrisko
in sneznisko, ugotavimo, da je kamniskobistrisko ob-
mocje vegegtacijsko bolj raznovrstno in zapleteno,
predvsem zaradi geoloskih in mezoklimatskih razmer.
Sneznisko obmocje pa je geolosko enotno in vegetacij-
sko manj pestro. Cvek je v ozjem obmocju Kamniske
Bistrice opisal 21 sintaksonov, od tega sedemnajst
osnovnih zdruzb - asociacij oz. v rangu asociacij - in
$tiri subasociacije, pomembnejse za gospodarjenje.
Opis zdruzb je za tedanji ¢as zadovoljiv glede ideosiste-
matike flore in na zavidljivi ravni glede sintaksonomi-
ke zdruzb in ekoloskih razmer (geoloskih, talnih, kli-
matskih). Rezultate fitocenoloskih raziskovanj ob
koncu strne v ustrezne gozdnogojitvene ukrepe, ki so
usklajeni z naravo in omogocajo ob koncu optimalen
razvoj vegetacijske zdruzbe. Poseben poudarek daje
zdruzbam varovalnega pomena, ¢eprav so vecinoma
povrsinsko majhne, vendar pomembne za stabilizacijo
ekstremnega terena.
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Zdaj, po skoraj sedemdesetih letih, je vedenje o
gozdnih zdruzbah bogatejse in glede na znanje so te
ekolosko in fitogeografsko ustrezneje preucene. Zato
smo Cvekov prispevek dopolnili z danasnjem vede-
njem o sintaksonomskem uvrs¢anju zdruzb in njiho-
vih ekoloskih razmer ter prikazali razvoj fitocenoloske
vede, kakor je potekal od petdestih let dvajsetega stole-
tja vse do zdaj. Znanstvena oz. strokovna vrednost ela-
borata je tudi po danasnjih merilih zavidanja vredna.
Cvekovo habilitacijsko delo za vijega asistenta je bilo
za tisti Cas izjemno, saj je imel malokdo v gozdarskem
krogu tedanje fakultete boljsa dela.

Zal smo imeli na voljo le vegetacijski del elaborata
od strani 54 do 81, kar je sicer za nase primerjave zado-
stovalo. V literaturi smo zasledili, da je bil $tiri leta po-
zneje izdelan elaborat Tomazic et al. 1959: Gozdna ve-
getacija Kamniske Bistrice za Gozdno gospodarstvo
Ljubljana (MARINCEK 1995). Iz vsebine tega clanka je
razvidno, da sta bila poleg Tomazica soavtorja $e Cvek
in Robi¢. Tudi ta elaborat je izgubljen. Poznal in upora-
bljal ga je Marincek $e leta 1995 ali kaksno leto prej, ker
ga navaja v literaturi za svoj ¢lanek.

Ohranjena fitocenoloska karta s svojo natan¢no-
stjo nakazuje na opravljeno obsezno terensko delo pri
izdelavi elaborata in karte. Gre za zelo zahteven teren,
ki ga je bilo v tistem ¢asu ob kartiranju potrebno vsega
prehoditi, saj pripomockov, kot jih imamo na voljo
danes (npr. letalski posnetki v visoki resoluciji, GIS
orodja itd.), v tistem casu ni bilo. Tudi s tega vidika je
delo Stanka Cveka zelo dragoceno.

V Cvekovih popisih latinskih imen nismo posoda-
bljali, pustili smo jih v izvirniku in v obliki kot je bilo
v rabi tedaj.
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5. PREGLED SINONIMIKE TAKSONOV

A. VASKULARNA FLORA

S. CvEk 1955

A. MARTINCIC et al. 2007

Alchemilla alpina

Alchemilla alpigena ?

Anemone hepatica

Hepatica nobilis

Asperula odorata

Galium odoratum

Aspidium dryopteris

Gymnocarpium dryopteris

Aspidium spinolosum

Thelypteris limbosperma

Aspidium filix-mas

Dryopteris filix-mas

Angelica silvestris

Angelica sylvestris

Astrantia minor

A. carniolica

Atragene alpina

Clematis alpina

Brachypodium silvaticum

Brachypodium sylvaticum

Calamintha clinopodium

Clinopodium vulgare

Campanula brachetecium

?

Campanula persicifolia?

Campanula witasekiana?

Carex silvatica

Carex sylvatica

Cerastium silvaticum

Cerastium sylvaticum

Cirsium montanum ?

Carduus personata?

Crocus vernus

Crocus naepolitanus

Cyclamen europaeum

Cyclamen purpurascens

Cynanchum vincetoxicum

Vincetoxicum hirundinaria

Digitalis ambigua

Digitalis garndiflora

Epipactis latifolia

Epipactis helleborine

Euonymum alpigena ?

Euonymus latifolia ?

Eupatorium canabinum

Eupatorium cannabinum

Euphrasia rustecoriana

Euphrasia rostkoviana

Equisetum palustris

Equisetum palustre

Fagus silvatica

Fagus sylvatica

Fragaria elatior

Fragaria moschata

Galium vernum

Cruciata glabra

Galium sylvaticum

Galium laevigatum

Helleborus macranthus

Helleborus niger

Herophylum cicutaria

Chaerophyllum hirsutum

Herophyllum hirsutum

Chaerophyllum hirsutum

Homogyne silvestris

Homogyne sylvestris

Hypericum acuntangulum

?

Juncus glaucum

Juncus inflexus

Juniperus nana

Juniperus alpina

Lactuca muralis

Mycelis muralis

Lamium luteum

Galeobdolon flavidum

Larix europaea

Larix decidua

Luzula nemorosa

Luzula luzuloides

Luzula silvatica

Luzula sylvatica

Lycopodium selago

Huperzia selago

Melampyrum silvaticum

Melampyrum sylvaticum

Melandrium rubrum

Silene dioica

Monotropa hypopitis

Monotropa hypopitys

Nephrodium dryopteris

Gymnocarpium dryopteris

Nephrodium filix-mas

Dryopteris filix-mas

Nephrodium phegopteris

Phegopteris connectilis

Nephrodium robertianum

Gymnocarpium robertianum

Orchis maculata

Dactylorhiza maculata s. lat. (D. fuchsii)

Pedicularis verticilaris

Pedicularis verticillata

Physalis alcecengi

Physalis alkekengi

Phyteuma halleri

Phyteuma ovatum

Pinus mughus

Pinus mugo

Polygonatum officinale

Polygonatum odoratum

Polystichum lobatum

Polystichum aculeatum
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Primula acaulis

Primula vulgaris

Pirola uniflora

Moneses uniflora

Quercus sessiliflora

Quercus petraea

Ranunculus aconitifolius?

Ranunculus platanifolius

Rhamnus cathartica

Rhamnus catharticus

Rhamnus carniolica

Rhamnus fallax

Rhamnus frangula

Frangula alnus

Rubus fruticosa ?

Rubus fruticosus agg.

Satureja vulgaris

Clinopodium vulgare

Scolopendrium vulgare

Phyllitis scolopendrium

Stachys jacqunii

Betonica alopecurus

Stellaria glochidiosperma

Stellaria montana

Thymus serpyllum ?

Thymus serpyllum agg.

Ulmus scabra

Ulmus glabra

Veronica lutea

Paederota lutea

Viola silvestris

Viola reichenbachiana

B. MAHOVI IN LISAJI

S. CVEK 1955

H. Gams 1957

Catharinea hausknechtii

Atrichum hausknechtii

Eurhynchium striatum

Eurhynhium zetterstedtii

Fegatella conica

Conacephalum conicum

Hylocomium loreum

Rhytidiadelphus loreus

Hyloconium triquetrus

Rhytidiedelchus triquetrus

Hylolocomium triquetrum

Rhytidiadelphus triquetrus

Hypnum spendens

Hylocomium splendens

Polytrichum atenuatum

Polytrichum formosum

Polytrichum attenuatum

Polytrichum formosum

ZAHVALA

Zahvaljujeva se dr. Igorju Dakskoblerju za posredova-
nje pricujocega elaborata in njegove napotke. Elaborat
je iz zapuscine mag. Dusana Robica, katere skrbnik je
doc. dr. Andrej Rozman. Danici Robi¢ gre zahvala, da

je strokovno zapuscino pokojnega moza dala na razpo-
lago njegovim naslednikom pri predmetu fitocenolo-
gija. Gospe Ani Mariji Bati¢ se iskreno zahvaljujeva za
tehni¢no pomoc.

6. SUMMARY

The study A description of forest associations of the
Kamniska Bistrica valley, with particular regard to silvi-
cultural questions, or its vegetational part (pages 54 to
81) was obtained by chance from the legacy of Prof.
Dusan Robi¢. The study was accompanied by a vegeta-
tion map. Unfortunately, the whole study is not avail-
able, or has been lost. The authors of the study or re-
searchers of the local forest vegetation were G. Tomazic¢
and S. Cvek, who carried out the main part of the veg-
etation research and is the author of this part of the
study. The fieldwork was assisted by then students of
forestry, currently forestry engineers, Dr. Z. Koéir, D.
Jug and D. Robi¢, M.A.

The study attracted our attention due to being the
first approach to silviculture based on phytocoenolog-

FOLIA BIOLOGICA ET GEOLOGICA 60/1 - 2019

ical research, which was a novelty in the 1950s, or rath-
er because it represented the start of a new silvicultural
period in forestry, which flourished right up to the
nineties. On the basis of this study, which took place at
least from 1950 until 1955, a number of silvicultural
studies were prepared on a vegetational basis. This
study was probably the first of its kind, or was at least
created simultaneously with a similar study for the
Leskovo valley on the Sneznik massif led by Tregubov.
In any case, the investigation of the Kamniska Bistrica
area was more demanding than the Sneznik one in
view of the local ecological conditions (geological,
ground, climatic, vegetational).

CVEK (1955) described 21 syntaxa in the narrower
region of Kamniska Bistrica, where there was then a
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faculty estate of the Faculty of Agronomy and Forestry,
of which 17 associations and 4 sub-associations are
more important for forest management. In their inven-
tories, or their research, which was reflected in the
phytocoenological inventories, were included the for-
est associations of European ash (Fraxinetum s. lat.),
European hornbeam (Carpinetum s. lat.), mountain
pine (Pinetum mugo s. lat.), fir (Abietetum s. lat.), beech
(Fagetum s. lat.), spruce (Piceetum s. lat.) and European
hop-hornbeam (Ostryetum s. lat.). The description of
the associations is at an enviable level of syntaxonom-
ics of associations and ecological conditions (geologi-

cal, ground, climatic) for the time. Cvek sums up the
results of the phytocenological research at the end in
suitable silvicultural measures, which are harmonized
with nature and enable the optimal development of
vegetation associations. Particular emphasis is placed
on associations of protective significance, although
they are mostly small in terms of surface area but im-
portant for stabilization of the extreme terrain.

We believe that it is a correct decision to present
the present study scientifically, which was among the
first, or even the first, to be based on modern science
principles.

SI. 7: Druga fitocenoloska karta za obmocje Kamniske Bistrice v merilu 1:10.000, izdelali sodelavci na Agronomsko-gozdarski

fakulteti v Ljubljani okrog leta 1955.

Fig. 7: Another phytocoenological map for the area of Kamniska Bistrica made in a scale 1:10.000, created by colleagues at the

Agronomsko-gozdarska fakulteta in Ljubljana, around 1955.
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Today, after almost seventy years, knowledge of
forest associations is richer and, in view of such knowl-
edge, these are more suitably studied ecologically and
phytogeographically. We have therefore supplemented
Cvek's study with contemporary knowledge of the
syntaxonomical classification of associations and their
ecological conditions, and demonstrated the develop-
ment of phytocoenological science, as it has taken
place from the nineteen fifties until today. The scien-
tific or professional value of the study is also evaluated
according to today's criteria of awareness.

Unfortunately, we only had the vegetational part
of the study, from pages 54 to 81, but this was sufficient
for our comparison. In the literature we found that a
study by Tomazic et al. was elaborated four years later,
in 1959: Forest vegetation of Kamniska Bistrica for Lju-
bljana Forest Management Area (MARINCEK 1995).
From the contents of the article it is evident that, in
addition to Tomazi¢, Cvek and Robi¢ were co-authors.

This study too is lost. Marincek was familiar with and
used it in 1995, or perhaps a year earlier, because he
cites it in the literature for his article.

The preserved phytocoenological map with its
precision indicates the extensive field work performed
in the elaborate study and the map preparation. It is a
very demanding terrain in Kamniska Bistrica area,
which at that time had to be made on foot during the
mapping, because the devices we have available today
(for example, high-resolution aerial imagery, GIS tools,
etc.) were not available at that time. Therefore, also
from this point of view, Stanko Cvek's work is very
valuable.

We did not update the Latin names in Cvek's in-
ventories; we left them in the original and in the form
that was then used in forest management. We have
made a special chapter, though, on the synonyms of
taxa, in which older and more recent designations are
shown comparatively.
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Svet za varovanje okolja pri Slovenski akademiji znanosti in umetnosti

POZIV SVETA ZA VAROVANJE OKOLJA SAZU K VAROVAN]JU
OGROZENE CRNE CLOVESKE RIBICE V BELI KRAJINI

Na osnovi strokovnih mnenj akad. Borisa Sketa, prof. dr. Borisa Buloga, doc. dr. Lilijane Bizjak Mali in prof. dr.
Roka Kostanjska je Svet za varovanje okolja SAZU sprejel naslednja stalisca:

1.V Beli krajini je v povirnem delu poreéja Doblic¢ice edini znan habitat ¢rne ¢loveske ribice na svetu, podvrste
Proteus anguinus parkelj, ki je edinstvena rasa (podvrsta) zascitene vrste. Petnajstletni monitoring spremljanja
njenega zivljenjskega prostora, ki ga je izvajala Biotehniska fakulteta Univerze v Ljubljani (raziskovalna skupina
prof. Borisa Buloga), potrjujejo domnevo, da je endemicna jamska dvozivka, zavarovana zivalska vrsta »rdecegac
seznama ogrozenih vrst, v Beli krajini resno ogrozena zaradi nadaljevanja dolgoletnega onesnazevanja kraskih
podzemnih voda. Tako je redni okoljski monitoring na lokaliteti v Jelsevniku pri Crnomlju (habitat ¢rne cloveske
ribice) ugotovil izjemno povisanje nekaterih onesnazil, zlasti arzena in cinka v ¢rni ¢loveski ribici, $e vedno pa so
izjemno visoke koncentracije polikroriranih bifenilov (PCB) v telesih izvrzenih poginulih belih ¢loveskih ribic iz
izvira Krupe (Bulog, 2013, 2016).

2. Sire vodno-ekologko zaledje habitata ¢rne loveske ribice v Beli krajini je zaradi kraskega sveta, vodno-eko-
losko izjemno obcutljivo; zlasti zaradi trenda znizevanja pretocnih vrednosti kot posledice podzemnih sprememb
se samocistilne zmogljivosti kraskih izvirov $e znizujejo. Kljub dolgoletnim prizadevanjem za CistejSe vode se
nadaljujejo kmetijske obremenitve (zlasti razprseno in hkrati ploskovno obremenjevanje z gnojenjem) zelo obcut-
ljivih kraskih vodnih virov, ki se kazejo v prekomernih in za ¢rno ¢lovesko ribico zakonsko presezenih koli¢inah
dusika in v praksi na splosno pretirane uporabe gnojil v vodozbirnem obmocju habitata ¢rne cloveske ribice. To
$e posebej velja za prekomerno rabo brezplacnega digestata iz belokranjske bioplinarne Lokve in gnojevke iz pra-
$i¢je farme na Lokvah pri Crnomlju.

Drugi vir onesnazil je posledica nedograjene kanalizacije in nezadostnega ¢is¢enja komunalnih odpadnih vod
gospodinjstev in drugih virov na vplivnem zaledju habitata ¢rne ¢loveske ribice. Zaradi Sirjenja vodovodnega
omrezja v povirju potoka Jelsevnika in Doblicice, ki je olajsal vodno oskrbo prebivalcev, pa so se koli¢ine pretezno
neprecis¢ene odpadne vode Se povecale, kar dodatno ogroza kakovost podzemnih voda, v katerih zivi ¢rna
¢cloveska ribica.

Oba vira onesnazevanja podtalnice se po pilotni $tudiji Biotehniske fakultete UL (prof. Rok Kostanjsek) kaze-
ta v prisotnosti bakterij fekalnega izvora na kozi ¢rne cloveske ribice, kar bi lahko bilo, v povezavi s povecano
vsebnostjo nitratov in drugih organskih onesnazil v podtalnici, za ¢rno ¢lovesko ribico usodnega pomena.

3. Najnovejsa znanstvena dognanja potrjujejo predpostavko, da so za clovesko ribico nitrati v vodi nevarni ze v
koncentraciji pod 10 mg/l vode (Bulog, 2013, 2016), veljavna zakonsko dovoljena splosna vrednost za nitrate v
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podzemni vodi pa je 50 mg/1 vode. To potrjuje tudi najnovejsa Studija dr. Borisa Kolarja (2017)", ki predlaga mejno
vrednost nitratov za ¢lovesko ribico v podzemni vodi ob upostevanju naravne koncentracije ozadja 9,2 mg NO,/1.
Ugotovljene dejanske vrednosti nitratov v podzemnih vodah, kjer v Beli krajini Zivi ¢rna ¢loveska ribica (v obdob-
ju2000-2009 tudi blizu 20 mg/l), pa ze vec let dosegajo ali presegajo vrednosti 10 mg/l vode in so se po obratova-
nju bioplinske elektrarne v Lokvah leta 2010 in 2011 po ugotovitvah Buloga (2013) izrazito povecale. To pomeni,
da se ohranjajo ali celo slabsajo neprimerne in tvegane Zivljenjske razmere za zavarovano Zivalsko vrsto, kar pa
postavlja dodatna vprasanja v zvezi z dolgorocnim ohranjanjem ustrezne kakovosti bliznjega ¢rpali$ca pitne vode

na izviru Doblicice, kjer je bila leta 1986 prvic odkrita ¢rna ¢loveska ribica.

4. Glede na navedeno so izpolnjeni predpisani pogoji za dolocitev strozjih vrednosti praga za nitrate (manj kot
50 mg/1 vode) v vodnem telesu, v skladu z dolo¢bami 8. ¢lena Uredbe o stanju podzemnih voda (Ur. L. §t. 25/2009
s spremembami). Po oceni naravovarstvene stroke je v belokranjskem habitatu ¢rne cloveske ribice torej lokalno
znatno zmanjsana ekoloska kakovost vodnega telesa. Zato so izpolnjeni pogoji za dolocitev nujnih ukrepov zava-
rovanja habitata in njegovega zaledja.

5. Predlagamo, da Ministrstvo za okolje in prostor Vlade RS v sodelovanju z Ministrstvom za kmetijstvo Vlade
RS pripravi predlog zacasnega zavarovanja belokranjskega habitata ¢rne ¢loveske ribice, potem pa naj se opredeli-
jo klju¢ni trajni ukrepi, ki bodo zagotovili pogoje njenega prezivetja.

Po mnenju Sveta za varovanje okolja SAZU mora odloditev o zavarovanju zivljenjskega prostora cloveske
ribice v Beli krajini in dolo¢itvi vplivnega obmocja z rezimi, usmeritvami in konkretnimi ukrepi temeljiti na pri-
oritetah naravovarstvenega vrednotenja, zlasti ker je nujno ohraniti kvalifikacijske vrste in njihove habitate. Crna
¢loveska ribica in njen Zivljenjski prostor v Beli krajini sta edinstvena na svetu, zato morajo drzava, lokalna skup-
nost in lokalni prebivalci do njiju prevzeti posebno odgovornost, saj:

1. Crni moderil je zelo dragocen, ker je zelo informativen.

2. Zelo je ogrozen (zaradi majhnega areala razsirjenosti).

3. Ne poznamo njegove obcutljivosti.

Zato zahtevamo najstrozje ukrepe varovanja!

Svet za varovanje okolja SAZU, zato podpira pobudo Zavoda RS za varstvo narave, OE Novo mesto (julij 2010)

in Drustva Proteus, okoljskega gibanja Bela krajina (2016), in poziva vse odgovorne, naj ¢cimprej sprejmejo predla-
gane in tudi druge nujne ukrepe za zavarovanje ogrozene cloveske ribice in njenega habitata v Beli krajini.

akad. znanstveni svetnik, zasl. prof. dr. Andrej Kranjc
predsednik Sveta za varovanje okolja pri Slovenski akademije znanosti in umetnosti

Ljubljana, 9. april 2018

! Ocena tveganja, ki ga predstavlja nitrat za ekosisteme za podzemne vode in za ¢lovesko ribico na projektnem obmoéju Life
Kocevsko (NIJZ).
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NAVODILA AVTORJEM

Folia biologica et geologica so znanstvena revija IV.razreda SAZU za naravoslovne vede. Objavljajo naravoslovne
znanstvene razprave in pregledne ¢lanke, ki se nanasajo predvsem na raziskave v nasem etni¢cnem obmodju Slovenije,
pa tudi raziskave na obmoc¢ju Evrope in $irse, ki so pomembne, potrebne ali primerljive za nasa preucevanja.

1. ZNANSTVENA RAZPRAVA

Znanstvena razprava zajema celovit opis izvirne
raziskave, ki vkljucuje teoreti¢ni pregled tematike, po-
drobno predstavlja rezultate z razpravo in zakljucki ali
sklepi in pregled citiranih avtorjev.V izjemnih primerih
so namesto literaturnega pregleda dovoljeni viri, ¢e to
zahteva vsebina razprave.

Razprava naj ima klasi¢no razclenitev (uvod, ma-
terial in metode, rezultati, diskusija z zakljucki, zahvale,
literatura idr.).

Dolzina razprave, vklju¢no s tabelami, grafikoni,
tablami, slikamiipd., praviloma ne sme presegati 2 avtor-
skih pol oziroma 30 strani tipkopisa. Zazelene so razpra-
ve v obsegu ene avtorske pole oziroma do dvajset strani
tipkopisa.

Razpravo ocenjujeta recenzenta, od katerih je eden
praviloma ¢lan SAZU, drugi pa ustrezni tuji strokovnjak.
Recenzente na predlog uredniskega odbora revije Folia
biologica et geologica potrdi IV. razred SAZU.

Razprava gre v tisk, ko jo na predlog uredniskega
odbora na seji sprejmeta IV. razred in predsedstvo
SAZU.

2. PREGLEDNI CLANEK

Pregledni ¢lanek objavljamo po posvetu uredniske-
gaodbora zavtorjem. Na predlog uredniskega odbora ga
sprejmeta IV. razred in predsedstvo SAZU. Clanek naj
praviloma obsega najvec 3 avtorske pole (tj. do 50 tipka-
nih strani).

3.NOVOSTI
Revija objavlja krajse znanstveno zanimive in aktu-
alne prispevke do 7000 znakov.

4.1ZVIRNOST PRISPEVKA

Razprava oziroma clanek, objavljen v reviji Folia
biologica et geologica, ne sme biti predhodno objavljen v
drugih revijah ali knjigah.

5.JEZIK

Razprava ali ¢lanek sta lahko pisana v slovens¢ini
ali katerem od svetovnih jezikov. V slovenscini zlasti te-
daj, Ce je tematika lokalnega znacaja.

Prevod iz svetovnih jezikov in jezikovno lektorira-
nje oskrbi avtor prispevka, ¢e ni v uredniskem odboru
dogovorjeno drugace.

6. POVZETEK

Za razprave ali ¢lanke, pisane v slovenscini, mora
biti povzetek v anglescini, za razprave ali clanke v tujem
jeziku ustrezen slovenski povzetek. Povzetek morabitido-
volj obsiren, da je tematika jasno prikazana in razumljiva
domacemu in tujemu bralcu. Dati mora informacijo o na-
menu, metodi, rezultatu in zakljuckih. Okvirno naj pov-
zetek zajema 10 do 20 % obsega razprave oziroma clanka.

7.1ZVLECEK

Izvle¢ek mora podati jedrnato informacijo o na-
menu in zakljuckih razprave ali clanka. Napisan mora
biti v slovenskem in angleskem jeziku.

8. KLJUCNE BESEDE

Steviloklju¢nih besed najne presega 10 besed. Pred-
staviti morajo podro¢je raziskave, podane v razpravi ali
¢lanku. Napisane morajo biti v slovenskem in angleskem
jeziku.

9. NASLOV RAZPRAVE ALI CLANKA

Naslov razprave ali ¢lanka naj bo kratek in razum-
ljiv. Za naslovom sledi ime/imena avtorja/avtorjev (ime
in priimek).

10. NASLOV AVTORJA/AVTORJEV

Pod klju¢nimi besedami spodaj je naslov avtorja/
avtorjev, in sicer akademski naslov,ime, priimek, ustano-
va, mesto z oznako drzave in postno stevilko, drzava, ali
elektronski postni naslov.

11. UVOD
Uvod se mora nanasati le na vsebino razprave ali
¢lanka.

12. ZAKLJUCKI ALI SKLEPI

Zakljuckialisklepimorajovsebovatisintezo glavnih
ugotovitev glede na zastavljena vprasanja in razresujejo
ali nakazujejo problem raziskave.

13. TABELE, TABLE, GRAFIKONI, SLIKE IPD.

Tabele, table, grafikoni, slike ipd. v razpravi ali ¢lan-
ku naj bodo jasne, njihovo mesto mora biti nedvoumno
oznaceno, njihovo $tevilo naj racionalno ustreza vsebini.
Tabele, table, slike, ilustracije, grafikoni ipd. skupaj z na-
slovi naj bodo priloZeni na posebnih listih. Ce so slike v



digitalni obliki, morajo biti pripravljene u zapisu .tiff v
barvniskali CMYK in resoluciji vsaj 300 DPI/inch. Risa-
ne slike pa v zapisu .eps.

Pri fitocenoloskih tabelah se tam, kjer ni zastopana
rastlinska vrsta, natisne pika.

14. LITERATURA IN VIRI

Uporabljeno literaturo citiramo med besedilom.
Citirane avtorje piSemo v kapitelkah. Enega avtorja pise-
mo » (Priimek leto)« ali »(Priimek leto: strani)« ali »Pri-
imek leto« [npr. (Bukry 1974) ali (OBERDORFER 1979:
218) ali ... PoLpint (1991) ...]. Ce citiramo veé del istega
avtorja, objavljenih v istem letu, posamezno delo ozna-
¢imo po abecednem redu »Priimek leto mala ¢rka« [npr.
...HORVATIC (1963 a)... ali (HorvaTIC 1963 b)]. Avtor-
jem z enakim priimkom dodamo pred priimkom prvo
¢rko imena (npr. R. TUxeN ali J. TUXEN). Vec avtorjev
istega dela citiramo po naslednjih nacelih: delo do treh
avtorjev »Priimek, Priimek & Priimek leto: strani« [npr.
(SHEARER, PAPIKE & SiMON 1984) ali PEARCE & CANN
(1973: 290-300)...]. Ce so vec kot trije avtorji, citiramo
»Priimek prvega avtorja et al. leto: strani« ali »Priimek
prvega avtorja s sodelavci leto« [npr. NoLL et al. 1996:
590 ali ...MEUSEL s sodelavci (1965)].

Literaturo uredimo po abecednem redu. Imena av-
torjev piSemo v kapitelkah:

- Razprava ali ¢lanek:

DAKSKOBLER, L, 1997: Geografske variante asoci-
acije Seslerio autumnalis-Fagetum (Ht.) M. Wraber ex
Borhidi 1963. Razprave IV razreda SAZU (Ljubljana) 38
(8): 165-255.

KajrezZ, L. & A. HOCEVAR, 1984: Klima. Tlatvorni
cinitelji. V D. Stepancic: Komentar k listu Murska Sobota.
Osnovnapedoloskakarta SFR]. Pedoloskakarta Slovenije
1:50.000 (Ljubljana): 7-9.

LE Lorurr J.,, E. BurreauT, M. MARTIN & H.
ToNG, 1993: Decouverte d’Hadrosauridae (Dinosauria,
Ornithischia) dans le Maastrichtien des Corbieres (Aude,
France). C. R. Acad. Sci. Paris, t. 316, Ser. II: 1023-1029.

- Knjiga:

GORTANI, L. & M. GORTANI,
Friuliana. Udine.

Ce sta razli¢na kraja zaloZbe in tiskarne, se navaja
kraj zalozbe.

- Elaborat ali porocilo:

PRUS, T, 1999: Tla severne Istre. Biotehniska
fakulteta. Univerza v Ljubljani. Center za pedologijo in
varstvo okolja. Oddelek za agronomijo.Ljubljana. (Elabo-
rat, 10 str.).

- Atlasi, karte, nacrti ipd.:

KLIMATOGRAFIJA Slovenije 1988: Prvi zvezek:
Temperaturazraka 1951-1980. Hidrometeoroloski zavod
SR Slovenije. Ljubljana.

LETNO porocilo meteoroloske sluzbe za leto 1957.
Hidrometeoroloski zavod SR Slovenije. Ljubljana.

Za vire veljajo enaka pravila kot za literaturo.

1905: Flora

15. LATINSKA IMENA TAKSONOV

Latinska imena rodov, vrst in infraspecifi¢nih tak-
sonov se pisejo kurzivno. V fitocenoloskih razpravah ali
¢lankih se vsi sintaksoni pisejo kurzivno.

16.FORMAT IN OBLIKA RAZPRAVE ALI CLAN-
KA

Clanek naj bo pisan v formatu RTF z medvrsti¢nim
razmikom 1,5 na A4 (DIN) formatu. Uredniku je treba
oddati izvirnik in kopijo ter zapis na disketi 3,5 ali na
CD-ROM-u. Tabele in slike so posebej prilozene tekstu.
Slike so lahko prilozene kot datoteke na CD-ROM-u, za
podrobnosti se vprasa uredni$tvo.



INSTRUCTIONS FOR AUTHORS

Folia biologica et geologica is a scientific periodical of the Classis IV: Natural history that publishes natural sci-
entific proceedings and review articles referring mainly to researches in ethnic region of ours, and also in Europe and
elsewhere being of importance, necessity and comparison to our researches.

1. SCIENTIFIC TREATISE

It is the entire description of novel research includ-
ing the theoretical review of the subjects, presenting in
detail the results, conclusions, and the survey of litera-
ture of the authors cited. In exceptional cases the survey
of literature may be replaced by sources, if the purport
requires it.

It should be composed in classic manner: introduc-
tion, material and methods, results, discussion with con-
clusions, acknowledgments, literature, etc.

The treatise should not be longer than 30 pages, in-
cluding tables, graphs, figures and others. Much desired
are treatises of 20 pages.

The treatises are reviewed by two reviewers, one of
them being member of SASA as a rule, the other one a
foreign expert.

Thereviewersare confirmed by the ClassisITV SASA
upon the proposal of the editorial board of Folia biologica
et geologica.

The treatise shall be printed when adopted upon
the proposal of the editorial board by Classis IV and the
Presidency SASA.

2. REVIEW ARTICLE

On consultation with the editorial board and the
author, the review article shall be published. Classis IV
and the Presidency SASA upon the proposal of the edito-
rial board adopt it. It should not be longer than 50 pages.

3. NEWS
Theperiodical publishesshort,scientificaly relevant
and topical articles up to 7000 characters in lenght.

4.NOVELTY OF THE CONTRIBUTION
The treatise or article ought not to be published
previously in other periodicals or books.

5.LANGUAGE

Thetreatise orarticle maybe written in one of world
language and in Slovenian language especially when the
subjects are of local character.

The author of the treatise or article provides the
translation into slovenian language and corresponding
editing, unless otherwise agreed by the editorial board.

6. SUMMARY

When the treatise or article is written in Slovenian,
the summary should be in English. When they are in
foreign language, the summary should be in Slovenian.
It should be so extensive that the subjects are clear and
understandable to domesticand foreign reader.It should
give the information about the intention, method, result,
and conclusions of the treatise or article. It should not be
longer than 10 to 20% of the treatise or article itself.

7. ABSTRACT

It should give concise information about the inten-
tion and conclusions of the treatise or article. It must be
written in English and Slovenian.

8. KEY WORDS

The number of key words should not exceed 10
words. They must present the topic of the research in the
treatise or article and written in English and Slovenian.

9. TITLE OF TREATISE OR ARTICLE

It should be short and understandable. It is fol-
lowed by the name/names of the author/authors (name
and surname).

10. ADDRESS OF AUTHOR/AUTHORS

The address of author/authors should be at the bot-
tom of the page: academic title, name, surname, institu-
tion, town and state mark, post number, state, or e-mail
of the author/authors.

11. INTRODUCTION
Its contents should refer to the purports of the trea-
tise or article only.

12. CONCLUSIONS

Conclusions ought to include the synthesis of the
main statements resolving or indicating the problems of
the research.

13. TABLES, GRAPHS, FIGURES, ETC.

They should be clear, their place should be marked
unambiguously, and the number of them must ration-
ally respond to the purport itself. Tables, figures, illus-



trations, graphs, etc. should be added within separated
sheets. In case that pictures in digital form, TIFF format
and CMYK colour scale with 300 DPI/inch resolution
should be used. For drawn pictures, EPS format should
be used.

Incases,when certan plantspeciesare notrepresented,
a dot should be always printed in phytocenologic tables.

14. LITERATURE AND SOURCES

The literature used is to be cited within the text. The
citation of the authors is to be marked in capitals. One
writes the single author as follows: “(Surname year)” or
“(Surnameyear:pages)”or“Surnameyear”[(BUKRY 1974)
or (OBERDORFER 1979:218) or ... PoLDINI (1991)...]. The
works of the same author are to be cited in alphabeti-
cal order:“Surname year small letter”[... HORVATIC (1963
a)... or (HorvAaTI¢ (1963 b)]. The first letter of the au-
thor’s name is to be added when the surname of several
authors is the same (R. TUXEN or J. TUXEN). When there
are two or three authors, the citation is to be as follows:
“Surname, Surname & Surname year: pages” [(SHEARER,
PAPIKE & SIMON 1984) or PEARCE & CANN (1973: 290-
300)...]. When there are more than three authors, the ci-
tation is to be as follows: “Surname of the first one et al.
year: pages” or “Surname of the first one with collabora-
tors year” [NoLL et al. 1996: 590 or MEUSEL with collabo-
rators (1965)].

The literature is to be cited in alphabetical order.
The author’s name is written in capitals as follows:

- Treatise or article:

DAKSKOBLER, L, 1997: Geografske variante asoci-
acije Seslerio autumnalis-Fagetum (Ht.) M. Wraber ex
Borhidi 1963. Razprave IV. Razreda SAZU (Ljubljana) 38
(8): 165-255.

KajrezZ, L. & A. HOCEVAR, 1984: Klima. Tlatvorni
cinitelji. V D. Stepanci¢: Komentar k listu Murska Sobota.
OsnovnapedoloskakartaSFR].PedoloskakartaSlovenije
1:50.000 (Ljubljana): 7-9.

LeELoEUFR]J., E.BUFFEAUT, M. MARTIN & H. TONG,
1993: Déecouverted Hadrosauridae (Dinosauria, Ornithis-
chia) dans le Maastrichtien des Corbieres (Aude, France).
C. R. Acad. Sci. Paris, t. 316, Ser. II: 1023-1029.

- Book:

GORTANI, L. & M. GORTANI, 1905: Flora
Friuliana. Udine.

In case that the location of publishing and printing
are different, the location of publishing is quoted.

- Elaborate or report:

PRUS, T., 1999: Tla severne Istre. Biotehniska
fakulteta. Univerza v Ljubljani. Center za pedologijo in
varstvo okolja. Oddelek za agronomijo.Ljubljana. (Elabo-
rat, 10 str.).

- Atlases, maps, plans, etc.:

KLIMATOGRAFIJA Slovenije 1988: Prvi zvezek:
Temperatura zraka 1951-1980. Hidrometeoroloski zavod
SR Slovenije. Ljubljana.

LETNO porocilo meteoroloske sluzbe za leto 1957.
Hidrometeoroloski zavod SR Slovenije. Ljubljana.

The same rules hold for sources.

15. LATIN NAMES OF TAXA

Latin names for order, series, and infraspecific taxa
are to be written in italics. All syntaxa written in phyto-
coenological treatises or articles are to be in italics.

16.SIZE AND FORM OF THE TREATISE OR AR-
TICLE

The contribution should be written in RTF format,
spacing lines 1.5 on A4 (DIN) size. The original and copy
ought to be sent to the editor on diskette 3.5 or on CD-
Rom.Tablesandfiguresaretobeadded separately.Figures
may be added as files on CD-Rom. The editorial board is
to your disposal giving you detailed information.

17. THE TERM OF DELIVERY
The latest term to deliver your contribution is May 31.
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Poziv sveta za varovanje okolja sazu k varovanju ogrozene crne cloveske ribice v Beli krajini




