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Introduction

The silver fir Abies alba Mill. is a mountain species native to central and
south European type of range that reaches the lowlands at the northern part
of its distribution (BiaroBok 1983; DANIELEwICZ 2012). Its latitudinal range
includes the most northern sites in the Bialowieza Primaeval Forest, that is, the
Tisovik reserve in Belarus (SzZAFER 1920; Korczyk et al. 1997), as well as the
Aspromonte Mts. (Calabria, Italy), the Pyrenees, and other southern localities,
for example, the Stara Planina in Bulgaria. Its altitudinal range increases from
north to south — from 150 m a.s.l. in the Tisovik reserve up to for example
800—1800 (2100) m a.s.l. in the Apennines, 600—1900 m a.s.l. in the Italian
Alps, 900—1800 (2100) m a.s.l. in the Pyrenees, and (400) 1000—2000 m a.s.l.
in the Stara Planina (BIALOBOK 1983).

The silver fir is a zonal species (KORNAS 1955; ZAjac 1996; ZEMANEK, WIN-
NICKI 1999). However, its distribution within the compact range in Poland is
diversified. Actually, its small share is noticeable in the Sudetes, and nearby
plateaus and forelands (DANIELEwWICZ 2012). Fir aggregations are mainly found in
the Carpathians, the Holy Cross region (Géry Swigtokrzyskie) (DZIUBAETOWSKI
1928; GrAZEK, WoLAK 1991) and the Roztocze region (IZDEBSKI et al. 1992). At
some places in the above-mentioned mountains and upland regions, fir aggrega-
tions comprise almost pure stands or mixed stands with other important forest
canopy-forming species such as: beech, oak, hornbeam, pine, and spruce (Fig. 1).

The upper limit of the occurrence of fir is well documented, for example
in the Tatras, where it reaches 1450 m a.s.l. (KomoRNICKI 1974), the Bieszczady
Mts. — 1260 m a.s.l. (JASIEWICZ 1965; ZEMANEK, WINNICKI 1999), the Beskid
Zywiecki Mts., on Mt. Babia, or on Mt. Pilsko (CeLINSKI, WOJTERSKI 1978;
OBipowicz 2004; PARUSEL et al. 2004). On the other hand, the lower limit of
its range both in the mountains and in the foothills (STacHURSKA 1998), and
especially in the uplands and in the lowlands is unclear and difficult to find.
The reasons are: transformations of the primary forest areas into arable fields
and on some areas, a very sharp reconstruction by forest management. As a re-
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F1G. 1. Current distribution of the Abietetum albae association in Poland with proposed division
into regional varieties: a — Silesian-Wielkopolska; b — Jurassic; ¢ — Subcarpathian;
d — Holy Cross; e — Roztocze; f — Mazovian

Explanations: 1 — borders of association’s range; 2 — provisional borders of regional varieties

sult, the naturally composed multi-species forests have been transformed into
those of one-species (monotypisation) and pine-dominated (pinetisation) forest
stands (MATUSZKIEWICZ ]. 1977; BARC 2002, 2004; BRzZEG, RUTKOWSKI 2004;
DANIELEWICZ 2012; MATUSZKIEWICZ W. et al. 2012).

Over the last few hundred years, the Sudetes have been logged heavily, and
thus the area has been transformed due to the accumulation of a few settlement
waves (WALCZAK 1968; ZIENTARSKI et al. 1994; STAFFA 2001; FiLipiak 2006).
Forest cutting took place in the Sudetes as early as in the 13th century, because
glass manufacturers began operating at that time. Despite that, the share of fir
in some forests up to the middle of 18th century still achieved 10% (ZoLL 1958).
Nevertheless, because the fir as a species is sensitive to changes in its nearest
environment (FILIPIAK 2006), it very quickly lost its important position in the
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species composition of the forest canopy in the Sudetes. Its role was taken over
by spruce — a quickly growing species, which was planted into the forest phy-
tocoenoses (DANIELEwICZ 2012). Just before World War II, fir trees covered only
1—2% of the forest area; in the mid-1960s — 0.5% (WILCZKIEWICZ 1976); in 1978
— 0.4% (Z1ENTARSKI et al. 1994) and in 1983 — only 0.2% (BORATYNSKI 1983).
The fir resources have been destroyed by the following factors: World War II, the
wrong use of cultivation techniques after the war (it was treated the same way
as spruce), the gradual extinction of the forest due to strong air pollution and
the canopy opening as a result of the destruction of the forest stand by various
natural factors (ZIENTARSKI et al. 1994).

The findings of contemporary studies indicate that in the past the fir was
a common species at an altitudinal gradient of 350—800 m a.s.l. in the Sudetes
and in their Forelands, while its share might have even been as high as 50—60%
(BORATYNSKI 1983). Actually, its vertical distribution is proportional to the share
of forest area in particular zonal categories and is different in various ranges of
the Sudetes. The latitudinal distribution of fir is of a directional character —
the share of fir increases from NW to SE. The highest share of fir per area unit
is found in the Bardzkie Mts., then in the Table Mts. (Géry Stolowe) and the
Bystrzyckie Mts. (FILIPIAK, BARZDAJN 2004).

During their inventory works in the Sudetes, Filipiak and Barzdajn (2004)
identified 2 575 fir localities in total. Of the approximately 32 500 specimens
that were later studied, the majority of them was created by specimens that were
more than 50 years old. These grew on 2008 localities (the others were cultiva-
tions and up-growths). Fir trees most frequently occurred as scattered groups of
specimens in small groups or as single trees. Only 5% of forest stands localities
had a full density, 36% — a moderate density, and up to 59% — a loose density.
Only 1% of the localities were covered by forest stands composed of more than
100 older trees (over 50 years old). One-fir localities comprised 12% of the in-
ventory group, whereas localities with fewer than ten specimens comprised 63%.
Fir trees occurred on slopes with different inclinations and exposures, usually in
concave forms of the terrain. The most frequently occupied habitats were clas-
sified into a mixed mountain forest type site (an LMG type site — according
to Polish classification system), which comprises the largest area in the Sudetes
and then — a mountain forest type site (an LG type site), a mixed coniferous
mountain forest type site (a BMG type site), an upland mixed forest type site
(an LMwy?z type site) or a coniferous mountain forest type site (a BG type site)
(BORATYNSKI, FILIPIAK 1997; FILIPIAK 2006).

Aggregations of fir trees in patches of a strongly transformed secondary
community with a domination of spruce, were more similar to the coniferous
communities than to the potential phytocoenoses of Luzulo luzuloidis-Fagetum.
These untypical patches prevailed over typically developed Luzulo luzuloidis-
-Fagetum association phytocoenoses in the Sudetes. Moreover, fir occurred in
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the phytocoenoses of the Galio sylvatici-Carpinetum betuli and less frequently
in the Dentario enneaphylli-Fagetum. It was also quite frequently recorded in
patches similar to the Abieti-Piceetum montanum association and other com-
munities from the suballiance of Vaccinio-Abietenion. It occurred sporadically
in Leucobryo-Pinetum and Calamagrostio arundinaceae-Quercetum, as well as in
a community from the suballiance Cephalanthero-Fagenion (FILIPIAK, KOSINSKI
2002).

Genetic studies indicate (MEjNARTOWICZ 2000; LEWANDOWSKI et al. 2001)
that the fir population in the Sudetes differs significantly from the Carpathian
populations. It has a lower heterogeneity, but it is weakly diversified. This
confirms its indigenous origin. At the same time, this poses a great challenge
in relation to the restitution of Abies alba in the Sudety region because of the
huge dispersion of small fir groups and single specimens of fir (BARzZDAJN 2000;
FrLiriak 2006).

The distribution of fir in the Carpathian arch results among others from the
Holocene history of vegetation, which indicates that the lower mountain sites
such as those in the Beskid Zywiecki Mts., the Podhale and the Tatras during
the Subboreal period (5000—2500 BP) might have been covered with forests
dominated by fir. The share of the species could have even been more than 54%.
Based on the pollen diagrams, it has been proved that even later the quantita-
tive dominance of fir over beech and spruce persisted up to the 19th century
(OBIDOWICZ 2003, 2004). At that time, in the Zywiec region (Western Galicia
— Galicja Zachodnia), humans began the exploitation of primaeval forests by the
so-called “clear cuttings” (KawEck1 1939). However, an analysis of the historical
data revealed that in the Western Carpathians (Karpaty Zachodnie) in the 19th
century, the stress must have been dependent on the specific forest management
policy of each of the country’s invaders (i.e., Austro-Hungarian and Prussian).
Since the 18th century the natural forest vegetation of the Beskid Slaski Mts.
and the Cieszynskie Foothills have been under the influence of industrialized
Silesia and have been much more transformed and devastated in comparison
to the Galician forests. In practice, at the beginning of the 20th century, forest
stands with a high fir share were not noted in the Silesian and the Cieszynskie
Foothills (Koczwara 1930; PELC 1969). On the other hand, in nonindustrialized
Galicia, conditions were favorable for the common occurrence of fir forests and
fir-beech forests similar to those in other parts of the Carpathians (STRZELECKI
1894, 1900; Woroszczak 1897; SosNowskI 1925). To be precise, Hotowkiewicz
(1877) named “the fir country” the area of deep forests between the Sofa and the
San rivers, but Wierdak (1927) significantly exceeded these borders by indicat-
ing the distribution of larger complexes of pure fir forests of natural origin in
a large part of the Carpathian arch and the Carpathian Foothills within an area
which belonged at that time to the Malopolska supraregion. These areas included
fir forest islands east of the Biala (Bielsko town section) up to the Kolomyja
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in Pokucie (contemporary Ukraine). It was stressed by Wierdak (1927) that
larger forest complexes with fir occurred in the Western Carpathians (Karpaty
Zachodnie), whereas in the Eastern Carpathians (Karpaty Wschodnie) they were
smaller and not as numerous. He also identified a general range of fir in the
Matopolska supraregion, which was almost twice as large as the spruce range of
natural origin at that time (BARC 2012).

Abies alba prefers deep, fertile and heavy soils that dominate in north-west-
ern part of the Carpathians and in the Beskid Sadecki Mts. (ILMURZYNSKI 1969;
WEOCZEWSKI 1968; JAWORSKI 1973; BARAN 1977; JAWORSKI, ZARZYCKI 1983). The
significant contemporary role of forests with a higher share of fir (rarely pure fir
stands) in the vegetation cover of the Polish part of the Carpathians is almost
half of that (21% area of forests) of the share of beech (41%), but is still higher
than spruce or pine of a secondary origin (Z1EBa 2010). Best maintained forest
stands with fir in the Carpathians are actually found in the Beskid Sadecki Mts.,
the Beskid Niski Mts., the Przemyskie Foothills, and the Western Bieszczady
Mts. (Bieszczady Zachodnie) (BiaLoBoK 1983; PRzYBYLSKA, KUCHARZYK 1999;
MICHALIK, PAwrowsk1 2000; PRzYBYLSKA, ZIEBA 2007). Forests in the Prze-
myskie Foothills and in the Beskid Niski Mts. (which are dominated by beech
and fir) are distinguished by most diversified species composition, which is the
result of the appropriate relationships between the forest canopy composition
and an adequate habitat type. In the majority of cases these are mountain forests
falling into forest site type: LG in the Carpathians and then mixed mountain
forest (LMG type site), whose characteristic feature is the spatial variability of
orographic and mesoclimatic local factors (SIKORsKA 1999; PrRzyBYLSKA 2003).
Other types of habitats in forests such as a mixed upland forest type site (LMwyz
type site), mixed coniferous mountain forest type site (BMG type site) or upland
forest type site (Lwyz type site) occur rarely. However, considering the dominant
structure of site types, forests dominated by fir from western and eastern parts
of the Beskids (e.g., the Beskid Maty Mts. and the Beskid Niski Mts.) are similar
in relation to that feature (BARC 2002, 2012; MicHALIK 2003; PRzYBYLSKA 2003).
It should be emphasized once again that their maintenance has been dependent
on the history of forest management in particular areas.

Not only does fir create but also has an important share in the forest stands
in the Carpathians and the Carpathian Foothills, among others in the following
communities: the Galio rotundifolii-Abietetum, the Galio-Piceetum, the Abieti-
-Piceetum (montanum), the Carici-Fagetum abietetosum — a community from
the Cephalanthero-Fagenion suballiance, the Abietetum albae (= A. polonicum),
and the Dentario glandulosae-Fagetum. Moreover, it forms an admixture in the
patches of the Luzulo luzuloidis-Fagetum and in the submontane altitudinal form
of the Tilio-Carpinetum. The montane spruce forest on peat — the Bazzanio-
-Piceetum association — is one of the most interesting plant communities where
fir trees were found as an admixture in the canopy and simultaneously in the
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lower layers of the forest. The community has been recorded in the Beskid
Zywiecki Mts. (Kasprowicz 1996b), in the Beskid Slaski Mts. (PARUSEL 2001;
WILCZEK et al. 2015), and in the Beskid Maly Mts. (BARC et al. 2009).

The characteristics of particular syntaxa have usually been presented in re-
gional studies — that is, for the Beskid Slaski Mts. — by Ludera (1965), Wilczek,
Cabata (1989), and Wilczek (1995, 2006), or for the Beskid Maly Mts. — by
Myczkowski (1958) and Bar¢ (2012). Likewise, papers on the Beskid Zywiecki
Mts. (dealing with Mt. Babia) — by Celinski and Wojterski (1978), Kasprowicz
(19964, b), and Parusel and others (2004), while papers dealing with the Polica
Range by Stuchlik (1968). The vegetation of the Tatras has been characterised
by the following authors: Szafer and others (1923), Myczkowski, Lesinski (1974),
Matuszkiewicz J. (1977), Balcerkiewicz (1978), Balcerkiewicz, Pawlak (1978)
and Wojterska, Wojterski (2004). The vegetation of the Pieniny Mts. has been
described by Fabijanowski (1962), Pancer-Kotejowa (1973), Grodzinska (1975),
while the vegetation of the Gorce Mts. has been studied by: Kornas (1955),
Medwecka-Korna$ (1955), Michalik (1967), Medwecka-Korna$, Kornas (1968),
as well as by Denisiuk, Dziewolski (1985). The vegetation of the Beskid Sadecki
Mts. has been characterised by Pawtowski (1925), Myczkowski, Grabski (1962),
as well as by Staszkiewicz (1972, 1973). Studies concerning the Beskid Niski Mts.
have been undertaken by Tacik and others (1957), Grodzinska, Pancer-Kotejowa
(1965), Swies (1974a, b, 1982, 1983, 1985), as well as by Michalik (2003). Moreover,
forests with a share of fir in the Polish Eastern Carpathians (Karpaty Wschodnie)
(i.e., the High Bieszczady and Low Bieszczady Mts.) have been presented in pa-
pers by Zarzycki (1963), Dzwonko (1977, 1986), Zemanek (1981, 1992) or Micha-
lik, Szary (1997). The vegetation of the Wielickie Foothills, in particular in its NE
part, has been discussed by Stachurska (1998), while the Strzyzowskie Foothills
have been studied by Towpasz (1990), as well as by Towpasz, Stachurska-Swakon
(2010). Moreover, general elaborations which depict Polish Carpathians, like that
by Pawlowski (1977), have been written.

Carpathian forests with a significant share of fir are valuable remnants
of fir-beech, beech-fir, and beech-fir-spruce forests of the former Carpathian
Primaeval Forest. Some of them, especially those at an advanced age and with
a differentiated and rich in species herb layer are protected in nature reserves
(Raxowsk1 2007).

The Holy Cross Mts. (Géry Swigtokrzyskie) are the only area in Poland whose
etymologically distinguishing name “The Fir Primaeval Forest” became syntaxo-
nomically identified with Abietetum albae Dziubattowski 1928 (= A. polonicum
(Dziub. 1928) Br.-Bl. et Vlieg. 1939 nom. illeg.) despite significantly wider main
range of this association in the country (Fig. 1). A mass occurrence of fir is
conditioned by many factors there — that is, the relatively low elevation of the
Holy Cross Mts. (approx. 300—600 m a.s.l.), a low orographic differentiation,
lack of any significant altitudinal and latitudinal variability of the climatic con-
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ditions, high air humidity, high amount of annual precipitation, long terms of
atmospheric silence and low wind speed (KowALkOwsKI, J6ZwIAK 2000; Pop-
LASKI 2000). The unusually complicated geological structure of these mountains,
which is reflected in its soil cover, is their specific feature (OLszEwsk1 1992).
Fir trees occupy lighter soils there than in the Carpathians. These soils are
usually rich in water and are relatively fertile (FABIJANOWSKI, ZARZYCKI 1965).
The best forest stands of Abies alba within the area of the Holy Cross National
Park (HCNP) (Swigtokrzyski Park Narodowy) are on soils developed from silt
and silty clay lying on stony and silty formations (Pobpraskr 2001). Glazek and
Wolak (1991) distinguished three types (1—3) and some subtypes (a—d) of soils
at HCNP. These were: (1) ground gley soils — (a) gley soils proper, (b) alluvial
gley soils, (c) peaty gley soils; (2) brown soils — (a) grey-brown soils, (b) brown
soils proper, (c) leached brown soils, (d) acid brown soils, and (3) grey-brown
podzolic soils. Only a few of them are favourable to fir, especially biologically
deep acid brown soils, leached brown soils, acid brown soils lying on quartzite,
gleyed acid brown soils and peaty-gley soils.

Abietetum albae is a multi-layered community with several generations in
the forest stand occurring in permanent ecological and topographical condi-
tions. It is widespread in the Lysogéry Range within the borders of the Holy
Cross National Park, in the Klonowskie Range and in the Wilkowska Valley, as
well as in the Bielinskie Range, the Jeleniowskie Range, and in the foreland of
the Holy Cross Mts. (Dz1UBAETOWSKI 1928; DZIUBAETOWSKI, KOBENDZA 1933,
1934; MATUSZKIEWICZ ]. 1977; GEAZEK, WOLAK 1991; MATUSZKIEWICZ J. M.,
KowaLska 2007). Despite its typical shape, Abietetum albae (= Abietetum po-
lonicum typicum), Glazek and Wolak (1991) have distinguished a degeneration
shape of the association with Pinus sylvestris and “a community with Dryopteris
austriaca with Abies alba share” and also Tilio-Carpinetum abietetosum and Pino-
-Quercetum with Abies alba. Moreover, fir as an admixture has been observed
in the Dentario glandulosae-Fagetum phytocoenoses.

Wierdak (1927) wrote about the occurrence of fir in the Roztocze region. The
region was treated as one of the thirteen “fir islands” that are located out of the
compact range of the species in the Carpathians and the Carpathian Foothills.
The species occurred there singly, in clumps, or as a dominant ones in the stands.
The Beech Mountain (Bukowa Gdra) nature reserve which included 117 ha of the
area, was established a few years later (1934) on Zamojski’s Property (Ordynacja
Zamojska). It included the best maintained beech and fir forests. That reserve
together with some others became the heart of the future Roztocze National
Park (RNP) (SKURATOWICZ 1946; SKURATOWICZ, URBANSKI 1953; FIJALKOWSKI,
IzDEBSKI 1959, 1972; IZDEBSKI 1959, 1963; WILGAT 1994).

Within the borders of the Roztocze National Park (RNP), Abietetum albae
covers almost 61% of the area occupied by coniferous mixed forests. It occurs
on proper podzolic soils made of sands. Among the stands that are dominated
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by fir trees, the admixture is made by spruce, pine, and rarely beech. Fir re-
generates well making new-growths and up-growths (beech-fir-spruce) that
gradually achieve more advanced age classes. In other coniferous mixed forests
of the RNP like: Querco roboris-Pinetum (next to spruce, birch, and aspen) and
in Querco-Piceetum (next to oak and alder), fir occurs only as an admixture.
Abies alba also plays the role of admixture in phytocoenoses of the Dentario
glandulosae-Fagetum association — dense fir-beech forest with a participation
of hornbeam, sycamore, maple, and spruce. It was observed in some places
of the RNP that in the habitats of fertile beech forest, after they had been cut
down, pure fir stands developed. In other places the extension of fir promoted
pure beech stands. Potentillo albae-Quercetum is a light oak wood that is one
of the most interesting, declining plant communities in this region, where a fir
admixture has been observed as well (WILGAT 1994).

With the exception of Abietetum albae, a high share of fir is noticeable in
the stand of the Tilio-Carpinetum abietetosum subassociation, which then physi-
ognomically becomes more similar to Abietetum albae. However, silver fir also
occurs as an admixture in typical and poorer, drier forms of oak-hornbeam-
-linden woods (WILGAT 1994).

The Cracow-Czestochowa Upland, otherwise known as the Polish Jura, has
been inhabited as an upland area since the Palaeolithic. Since that time it has
been more and more intensively used for agriculture and forestry. From the geo-
morphological point of view, this unique area became a particularly interesting
object for studies on flora and vegetation (BERDAU 1859; MEDWECKA-KORNAS$
1952; WIkaA 1983, 1986, 1989; BaBczyNsKka 1978, 1984; BRzEG, WIkA 20lla, b;
Ursisz 2004, 2008, 2012). In a relatively small space, sometimes on only one
monadnock, there are numerous plant communities occupying completely dif-
ferent ecological niches, which is an important regional Jurassic specificity. At
the same time, the Upland is an area where many mountain plant species occur.

The forest communities of the Cracow Jura, that is, the southern part of the
Cracow-Czgstochowa Upland, have been characterised by Medwecka-Korna$
(1952) in a preliminary study. However, among the syntaxa that were distin-
guished, fir occurred only as an admixture in forest stands of single patches
of Fagetum carpaticum, Querco-Carpinetum medioeuropaeum, and Acereto-
-Fraxinetum typicum. Such a small share of this species was probably an effect
of World War II, as well as of the disaster that was caused by the cold winter
of 1928/1929, which was described by Paczoski (1929). Almost all of the fir
trees in the Ojcéw Valley froze to death. In that context, the note of Professor
Medwecka-Kornas (1952) revealed the probable occurrence of the “remnants of
a fir forest with Lycopodium annotinum and L. selago,” which covered the slopes
of the western exposure in the vicinity of the Dark Cave (Grota Ciemna) in the
Ojcéw Valley, seems to be especially important. The author did not solve the
problem, whether this was Abietetum albae following Dziubaltowski (1928) or
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a beech wood with a high admixture of fir. It is worth stressing that the share
of fir was changeable, depending on the place where the forest occurred. This
variability could refer to both a small (local) scale and to a larger (mesoregional)
spatial scale (MEDWECKA-KORNAS 1952).

An acceptable thesis made a claim that an untypical borderland form of the
Abietetum albae occurs in the Cracow-Czestochowa Upland (MATUSZKIEWICZ J.
1977, MAtuszkiEwIcz J. M. 2005). This association has not been documented
widely enough to date back from this area despite many studies on the forest
communities (WIka 1983, 1986, 1989). Herezniak (1993), in his study (which was
dedicated to the geobotanical-forest relationships of the northern part of the
broadly approached Cracow-Silesian Upland) mentioned the locations of patches
of this association among others from the Zloty Potok Inspectorate (the Dzia-
dowki Forestry). Despite that, the central part of the Cracow-Czgstochowa Up-
land remain documented only by his two phytosociological relevés. The fact that
the photography of the physiognomy of the upland fir forest (MATUSZKIEWICZ
1984) comes from the Kaliszak nature reserve, which is located in the northern
part of the area studied, deserves attention. The main problem concerning iden-
tification of the patches of the upland fir forest was, and still remains, the influ-
ence of forest management that has transformed both the structure and species
composition of the phytocoenoses and has even destabilised some features of
the soil profile. The presence of patches of this association on quite numerous
but rather small localities in the central part of the Cracow-Czestochowa Upland
has been scarcely observed in the last decade.

Therefore, this book aims at providing characteristics of the Abietetum al-
bae association in the central part of the Cracow-Cz¢stochowa Upland, and in
a particular way, it focuses on the following:

— the study and indication of its differentiation and regional peculiarity;

— the presentation of its distribution;

— the description of its local habitats;

— the discussion of the dynamics, regeneration, and the state of maintenance

(current and potential threats and forms of protection) of the upland fir

forest.

Alicja Bar¢






1. Physiographic characteristics of the study area

1.1. Location and borders

Studies on the upland fir forests were conducted in the central part of a specific
macroregion — the Cracow-Cz¢stochowa Upland. The study area is the same
as in the case of the monographic studies by Wika (1986), as well as those of
Brzeg and Wika (2011b). It covers an area of approximately 1500 km? (Fig. 2)
and ranges between 19°10" and 19°50’E and 50°15" and 50°50'N. It is limited
to Upper Jurassic quest from the West and the ravine of the Warta river near
a town of Mstéw in the North. Discontinous denudation threshold separates the
Cracow-Czestochowa Upland from the Miechéw Upland and the Nida Basin
in the East. The line joining the localities such as Sutoszowa, Kosmotéw, and
Olkusz, forms southern border of the mesoregion (Fig. 2). The majority of the
area is located within the Cze¢stochowa Upland, although a part of it is located
in the northern part of the Cracow Upland. These two mesoregions mentioned
along with the Wielun Upland comprise a macroregion 341.3 according to the
classification put forward by Kondracki (2008), that is, the above-mentioned
physical-geographic unit referred to as the Cracow-Czgstochowa Upland. In the
past it was also called the Cracow-Wielun Upland (MICHALIK 1974) or briefly
— the Cracow Upland (Wika 1986).

1.2. The most important information concerning
the natural environment

The Cracow-Czestochowa Upland is a well-defined geobotanical, physiographic,
natural, historical, and cultural unit (STEFANIAK et al. 2009; BRzEG, Wika 2011b).
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Limestone monadnocks that are covered with high vegetation are in the majority
— that is, various species of trees and shrubs are quite noticeable in the Jurassic
landscape. The edges of the mesophilous woods, mainly beech and hornbeam-
-oak-linden forests, as well as thermophilous shrubs from the Rhamno-Prunetea
class (including gaps) are covered with some fragments of xerothermic grasslands
that are still maintained. These communities were much more widespread in
the past than they are today (BABCzYNsKkA 1978; BABCZYNSKA-SENDEK 1984;
Wika 1986; MICHALIK 1990). Nowadays, as a result of natural succession after
the abandonment of pasturage and mowing (other extensive but regular shaping
factors), these communities have undergone a transformation from the Trifolio-
-Geranietea sanguinei class into thermophilous tall-herbs. Their life-cycle is
short. Over several years of resistance, they transformed into shrubs and then
— for better or for worse — forest communities developed.

The specific feature of the described (central) part of the Upland is the high
variability and mosaic of the habitats connected with the rich relief of the area
and its geology, the different exposures of rocky walls, a variety of depths and
fertilities of soils, and a unique topoclimate. Therefore, species that represent
various scale of ecological tolerance can grow close to each other. Rocks of the
Jurassic period, which have slopes exposed in such a way, can only be found in
this macroregion (Tyc 1994).

The area of central part of the Cracow-Cz¢stochowa Upland belongs to
climatic district of Czestochowa—Kielce (Zinkow 1988; Tyc 1994; KONDRACKI
2008). The climate of this region is colder when compared to the Silesian Upland
and the Miechéw Upland. It is characterised by higher precipitation (from 600
to 850 mm per year, 712 mm on average). Mean annual temperatures on the
borders range from +7°C to +8°C. Microclimatic differentiation is higher than
topoclimatic (MiCHALIK 1974; UrBisz 2008). Vegetation period lasts 200—210
days. Western and southern winds prevail, which is not favourable for vegeta-
tion. They bring dust and poisonous gases from industrial city centres of the
region (Zawiercie, Ogrodzieniec, Klucze, Olkusz) and strongly polluted air from
the Upper Silesian Industrial District as well (Wika 1978).

The monadnocks are composed of whiter, softer, and strongly cracked
lower rocky limestone, and a hard, upper rocky limestone of light-grey colour
that is resistant to eolic erosion, which is the basic material of the rocky forms
(DZUrYNSKI 1952; SZAFLARSKI 1955; HEL1IASZ 1991; N1TA 1992). The monadnocks
occur in this area singly or in groups that comprise the so-called “mount depos-
its”; more often, however, they comprise chains that are a few or over several
(and even longer) kilometres long. Their tops are often very picturesque and
have unusual shapes; therefore, this part of Poland can boast so many unique
landscape values.

In the central part of the Cracow-Czestochowa Upland, limestone monad-
nocks reach altitudes ranging from 300 to 515 m a.s.l. Today, Géra Janowskiego
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is acknowledged as the highest upland elevation in Poland (UrB1sz 2004, 2008).
However, not only Jurassic structures are important elements in the Cracow-
-Czestochowa Upland’s landscape. Sands, which have been deposited on the
bottoms of almost all of the depressions, should be mentioned here, as well as
loesses and structures that are similar to loesses covering gently inclined areas
(MIcHALIK 1974; WIkA 1986). Both of these loose sedimentary rocks come
from the upper Pleistocene and Holocene periods. The sands are differentiated
according to their age and genesis. They can be divided into proper forming
sands, postglacial sands, sands of a river origin, and dune-forming sands. Their
particular characteristic features are presented by Szczypek (1986).

The presence or absence of one of the three main basic rock types (Jurassic
limestones, loesses, and sands) means that various mineral soils can be recog-
nized as distinct. Depending on the quantitative share or on the lack of one
of the three components mentioned in this part of the Jurassic area rendzinas,
pararendzinas, brown soils, grey-brown podzolic soils, podzolic soils, and ground
gley soils can be distinguished. Mud soils, slime-marshy soils, and peaty soils
were noted in the river valleys and in depressions with high ground water level.
Their structure, as well as high mosaic and biological abilities, have attracted the
attention of a few scientists: Musierowicz (1961), Kobylecka (1981), and Adam-
czyk, Kobylecka (1980, 1982).

Another feature of the area studied is water shortage, resulting from wa-
tershed location and its drainage by both surface flow and underground flow
(Wika 1986). The characteristic features of weather conditions are frequent heavy
rainfall with hailstorms and strong thunderstorms, and also significant differ-
ences in the temperature between neighbouring towns and villages (Tyc 1994).

Brzeg and Wika (2011b) wrote more about the state of preservation of the
plant cover in this area after their phytosociological studies on xerothermophi-
lous tall herbs. Their detailed studies permitted not only a few Jurassic geo-
graphic varieties to be distinguished, but also plant associations that were new
to Poland, new subassociations and many units of a lower rank, which are
vicariants with similar units, known from other parts of the country (Brzkg,
WikaA 2007, 2011a, b).

Actually, afforestation differs depending on the locality from 0 to 10% near
Cracow to 20.1—30% near Czestochowa. Typical arrangement of forest commu-
nities indicates bottom (in valleys) or lower position on a slope in case of pine
or mixed pine-oak forest and upper and top position of beech woods of differ-
ent types (e.g. Carpathian acid, orchid). Fir, hornbeam, oak, and linden make
frequent admixture in beech woods; rarely do they create separate community
with hornbeam domination. Spruce occurs as artifitial admixture. Sycamore for-
ests Phyllitido-Aceretum with harts tongue fern (Phyllitis scolopendrium), belong
to one of the most interesting forest communities (Bopz1ARCZYK, MALIK 2006;
Wika, BARC 2011). The oldest (Vth, VIth age classes) and the best maintained
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forests are protected in numerous reserves (e.g. The Sokole Mts., Parkowe),
(Raxowskr 2007), but significant areas are covered by forests of secondary ori-
gin and at lower age classes (I—IV). It is worth mentioning that health state of
Jurassic forests depends not only on their character (primary, secondary), but
also on ownership (State Forests, private forests), usage (degeneration stages),
and also air pollution, as well as on soil and water (surface and underground)
contamination. Jurassic forests are surrounded by large industrial centres — that
is, by agglomerations, such as Cracow and Katowice, as well as smaller towns
like Czestochowa. All of the above are sources of SO,, NO,, heavy metals and
other pollutants (MEDWECKA-KORNAS, GAWRONSKI 1993). Numerous smaller
factories, coal and ore mines, ironworks, influence the state of maintenance of
forest in the local scale.

The number of taxa (1433) expresses the full richness of the vascular flora
found in the entire area of the Cracow-Cz¢stochowa Upland (Ursisz 2004,
2008, 2012). Among the 1225 species of vascular plants that were recorded in the
central part of the upland (Wika 1986), Cochlearia polonica, Galium cracoviense,
Potentilla silesiaca, and Larix decidua ssp. polonica are endemic species which
require special attention. Cochlearia polonica that was restituted among others in
the Wiercica River Valley (CeLINSKI, WIka 1981) is an endemite of Pleistocene
origin (SZAFER, ZARZYCKI 1977). It is actually called a narrow-endemic taxon
(CieSLAK et al. 2010). Similarly, Galium cracoviense has the status of Pleistocene
endemite, a taxon that was recognised by Kozlowska (1928), and studied, among
others, by Kucowa (1962), Babczynska (1978), and other researchers, which has
been lately confirmed by Karaskiewicz (2007) on the basis of 15 hills that sur-
round the small town of Olsztyn near Czestochowa. The subendemite status
of south-western Poland has Potentilla silesiaca occurring only on Luminous
Mountain (Jasna Géra) in Czestochowa and on the hills that are called Towarne
Mts. (Kusieta village near Olsztyn). Larix decidua ssp. polonica, previously known
as Larix polonica, is an endemite to Poland and the Carpathians with its main
distribution centre located in the Matopolska Upland (Wyzyna Malopolska)
(SZAFER, ZARZYCKI 1977; HEREZNIAK 1996, 2004; BABCZYNSKA-SENDEK et al.
2006). Mountain species (61 taxa) and 191 species that reach the limit of their
range in the area studied comprise an important group in the Upland area (Wika
1986; UrBIsz 2008).






2. Material and methods

Studies on the Abietetum albae association, which were conducted in the cen-
tral part of the Cracow-Czestochowa Upland, included study localities, where
phytosociological relevés, soil profiles, as well as studies on the structure of the
forest stands and the dynamics of the regeneration of trees were done with par-
ticular attention being paid to the fir. Some part of these studies was conducted
on permanent study plots. The location of the study plots and the elevation of
the terrain was measured with a GPS Garmin and localized on the map with
a scale of 1:52 000 entitled “The Cracow-Czestochowa Jura””

The material used for the regional geobotanical characteristics of the Abiete-
tum albae association in the area studied consisted of 52 original phytosociologi-
cal relevés compiled in analytical tables (Tables 3 and 4), as well as in a general
synoptic table (Table 5, col. 7 and 11). Phytosociological relevés were made by
using the Braun-Blanquet method (BRAUN-BLANQUET 1964; PAWrOWSKI 1972)
during the optimum period of the vegetation seasons in 2009 and 2011 on the
area of relevés covering 200—400 m®. Relevés were made within the fir forests
that were found in areas that had been identified earlier during studies on hart’s
tongue (Phyllitis scolopendrium), (Wika, BARC 2011) and thermophilous tall
herbs (BRzZEG, Wika 201la, b), and in new phytocoely discovered phytocoenoses
with a high share of fir, which together comprised ten clearly identified localities
(Fig. 2). The rule of the well-maintained homogeneity of the patches studied was
applied. All patches were also representative of the entire phytocoenose that was
studied and for the preliminarily diagnosed syntaxon at the rank of a subasso-
ciation or association. Small-scale spatial studies on the regeneration of fir were
performed on permanent plots (Fig. 3).

All of the relevés were then compiled in a preliminary table and, afterwards,
they underwent a numerical analysis (cluster analysis) by using the STATISTICA
8.0 program, after former transformation the basal data using the following
formula:r=1,+=2,1=3,2=5,3=7,4=28,5 =9 (VAN DER MAAREL 1979).
The aggregation of objects was done by using minimum variance method
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(Ward method), and the Euclidean distance was taken as the similarity coefficient.
The analysis of floristic differentiation of the studied patches of the fir forests was
made according to DCA method (detrended correspondence analysis), by using
the package CANOCO for Windows (HiLL, GAucH 1980; TER BRAAK, SMILAUER
2002), along with the transformation of basal data mentioned above. The dendro-
gram (Fig. 4) and the arrangement of particular phytosociological relevés according
to DCA analysis (Fig. 5) influenced the final ordination of the collected material
in the two phytosociological tables to a significant degree. These tables document
units in the subassociation rank (Abietetum albae typicum and A.a. circaeetosum
alpinae) and in the case of the first of these they also illustrate the differentiation
into two variants that have been distinguished (VAN DER MAAREL 1980).

The original data from the central part of the Cracow-Czestochowa Upland
were compared with others that came from different parts of Poland within
the range of the fir forests in order to confirm any regional uniqueness of the
Abietetum albae association in the Jurassic region. The results are included in
the general synoptic table (Table 5). This table, which consists of 34 columns,
compares 733 phytosociological relevés created by different authors, which are
treated in units of the subassociation rank as proposed by Matuszkiewicz J.
(1977). Other materials have been previously diagnosed and divided into subas-
sociations by the authors of the presented elaboration.

The syntaxonomic classification and diagnostic role of plant species was
taken after Matuszkiewicz J. (1977), taking into consideration the modifications
and nomenclature changes that were proposed by Ratynska and others (2010),
as well as some supplements, which resulted from the original studies. These
follow the rules of the International Code of Phytosociological Nomenclature
(ICPN, WEBER et al. 2000).

The taxa names of vascular plants were based on Mirek and others (2002),
mosses were based on Ochyra and others (2003), while the names of liverworts
were taken after Grolle and Long (2000).

Three soil profiles were dug up in order to compile a more detailed docu-
mentation in which the soil conditions of the phytocoenoses of the Abietetum
albae association in the Jurassic area developed. These three soil profiles were
dug up in places where three earlier phytosociological relevés with field num-
bers: 6, 12, and 40 were made. Moreover, the profiles neighboured three (i.e. I,
III, and V) from among six permanent study plots that are to be the subject
of studies on the structure and dynamics of the fir stands located within the
patches of previously made phytosociological relevés. Two of the soil profiles
were localized within the patches of the A.a. circaeetosum alpinae subassociation
(Goncerzyca Rock in the Wodaca River Valley, field relevé no. 6, and to the west
of Mt. Rzgsowy (Géra Rzgsowy) near Hucisko Ryczowskie, relevé no. 12), while
one profile was located in the A.a. typicum subassociation (Trzyciaz, field relevé
no. 40) to the south of the Trzyciagz—Zagdérowa road.
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Small-spatial scale studies on permanent plots (I—VI) were conducted in
April and May of 2011. These focused on three study localities: Strzegowa Po-
duchowne (Goncerzyca Rock), Hucisko Ryczowskie, and Trzycigz. The exact
locations of the permanent plots are presented in table below (Table 1).

TABLE 1. The set of permanent study plots of the Abietetum albae association in the central part
of the Cracow-Czestochowa Upland

No. Locality Commune coordgf;fes for Altitude
of study plot (study plot) VI as.l [m]
I Strzegowa Poduchowne Strzegowa N 50°25'322" 449
(Goncerzyca Rock) E 19°40'520"”
I Strzegowa Poduchowne Strzegowa N 50°25'371" 427
(Goncerzyca Rock) E 19°40'533"”
I Hucisko Ryczowskie Klucze N 50°23'990” 425
E 19°34'490”
v Hucisko Ryczowskie Klucze N 50°23'975" 427
E 19°34'462"
A% Trzycigz Trzycigz N 50°18"386" 417
E 19°47'684"
VI Trzycigz Trzycigz N 50°18'374"” 415
E 19°47'672"

The odd-numbered permanent study plots (I, III, V) were spatially con-
nected with a phytosociological relevé and soil profile; the other even-numbered
permanent plots (II, IV, VI) were outside of phytosociological relevés where soil
profiles were not dug. The permanent plots were stabilised with wooden sticks
and surrounded by measuring tapes and lines.

On each permanent plot of rectangular shape (Fig. 3) of 20 x 10 m (200 m?),
the diameter at breast height (dbh) was measured twice in order to measure all
of the components of the tree layer in the N-S and E-W directions (most of the
analysed forest is of private property and represents Vth age class). The mean
values, which resulted from two measurements, were used in counting. This was
because in the majority of cases the trunks of the trees had an irregular shape.
Specimens that reached or grew higher than eight metres in height and had more
than eight centimetres of dbh were identified as trees. The dbh was measured
at height of 1.3 m, using a Sandvik’s measuring diameter slider. When the tree
was more than 50 cm in the diameter — its circumference was measured by
the use of a measuring tape, and the results were calculated into the diameter
dimension. Then, any lack of information concerning the real shape of the tree
trunk in the case of really large fir trees was calculated. Dbh measurements were
made within a 0.5 cm precision. These measurements permitted the fir stands
together with admixtures to be characterised according to: the number of trees,
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species richness, the dbh distribution in the following thickness classes: uneven
class 8—9 cm (makes it possible to identify the youngest tree generation) and
in the following categories reckoned each 5 cm: 10—14 c¢m, 15—19 c¢m, up to
55—59 cm. In the case of two of the permanent study plots from Trzyciaz, ad-
ditional categories were also taken into consideration: 70—74 cm and 95—99 cm.
Mean values that were higher than the maximum of the thickness classes were
included into a given category (e.g., 19.5 was included into 15—19 c¢m thickness
class). For comparison purposes, the results of measurements in 10 cm thickness
classes were used in the following categories: 10—19 cm up to 90—99. Then,
the range of diameters that measured 10—99 cm (i.e., out of the uneven class
of 8—9 cm) was divided into three equal subranges including: low (10—39 cm),
medium (40—69 c¢cm) and high (70—99) diameter values. The use of the three
aforementioned diameter classes made it easier to compare the data presented
here with the results achieved by other authors.

A mixed height-thickness scale was used for measurements of the heights
and diameters of up-growths. Within each of the permanent study plots a de-
limited “internal” subarea “i” 2 m x 20 m (40 m?) and a subarea “o” like “other”
were created. All up-growths were measured within both subareas independ-
ently. After the preliminary counting, due to the low number of up-growths in

«s»

the “internal” subarea, the total number of up-growths was finally given for “i
and “0” areas together, which means for 200 m? (2 ares; in total for 1200 m?, 12
ares). However, for comparison purposes, the data from both subareas have been
compiled in the chapter where the results of these studies have been presented,
and then discussed in another chapter. The measurement of the diameters of
up-growths up to 0.5 cm usually revealed specimens that were not higher than
1.3 m and that were made with 0.1 cm precision at the half height of the speci-
men. In the case of larger individuals, the measurement was taken at a height
of 1.3 m with the precision of 0.5 cm up to a diameter value equal to 7.99 cm.
The obtained results were aggregated in the following classes of thickness: 0.1—1;
L1—2; 2.1—3; 31—4; 41—5; 5.1—6; 6.1—7, 7.1—7.99 cm. Specimens that had
reached and exceeded a height of 0.5 metres and still had not reached eight
metres in height were identified as up-growths. The specimens that were meas-
ured were aggregated into the following height classes: 0.5—1.0; 1.1—1.5; 1.6—2;
21—3; 3.1—4; 41—5; 51—6; 6.1—7; 71—7.99 m.

Studies of new-growths within the permanent plots were conducted in four
1 m x 1 m squares that were called study units (4 m? in total per one plot), which
were demarcated in each of six permanent study plots (I—VI). The squares were
marked within the internal subarea “i,” which had been delimited for the studies
of up-growths and that was situated along the twenty-metre-long edge of the
plot, always at the same position: 0—1 m (A square), 6—7 m (B square), 12—13 m
(C square) and 18—19 m (D square). Squares A, B, C, and D together comprised
the study unit for new-growths (Fig. 3). New-growths of trees and shrubs were

27



numbered and their height was measured with 0.5 cm precision. The values of
the new-growth heights were aggregated in the following height classes: 0—5;
5.1—10; 10.1—15; 15.1—20; 20.1—25; 25.1—30; 30.1—35; 35.1—40; 40.1—49.9 cm.
Moreover, the total percentage of the herb layer cover and particular species,
which were the components of that layer was fixed. The total cover of the moss
layer was also ascertained, but without determining the particular moss species.



3. Geobotanical characteristics
of the Abietetum albae association

3.1. General characteristics

Patches of the Abietetum albae association from the central part of the Cracow-
-Czgstochowa Upland in general are of the type characterised by Matuszkiewicz J.
(1977) as an upland fir mixed coniferous forest, under the name the Abietetum
polonicum (Dziub. 1928) Br.-Bl. et Vlieg. 1939. That hypothesis was confirmed by
both the forest stand, which is dominated by Abies alba (see further chapters)
in the majority of the phytocoenoses that were studied, as well as in the general
oligo-mesotrophic and moderately acidophilous character of the entire floristic
composition of the association and habitats studied. These habitats have a me-
dium character between a fresh coniferous forest from the Dicrano-Pinion alli-
ance (see Wika 1983) and beech woods from the Fagion sylvaticae alliance. Some
relationships with oak-pine mixed coniferous forests, acidophilous oak woods,
or occasionally hornbeam-oak-linden poor deciduous forests were also observed.

The nomenclatural type of association (lectotype) was delimited by Brzeg
and Rutkowski (2004, 83). It is the 16th phytosociological relevé from Table
5, which is derived from the original diagnosis made by Dziubaltowski (1928).

The structure. The multi-layered structure of the majority of patches was
very differentiated. Most often fir trees dominated in the stand. The heights
always varied, at least on two clearly visible sublevels. These sublevels often
include wide ranges of heights; therefore, there are no clear borders from the
other layers of the forest. The upper sublevel (a;) reached 25—36 m in height
and had a density of 40% (exceptionally) up to 80% (mean approx. 65%). The
lower sublayer (a,) reached heights of more than 8 m up to approximately 20 m,
and had a more changeable density (10—60%, mean approx. 29%). The high
density of the tree crowns meant that the fir phytocoenoses were shadowed and
sometimes even dark, so they were a bit similar to mountain or boreal conifer-
ous spruce forests.
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The shrub layer (b), with up-growths that were up to 8 m high, was always
present but had developed to various degrees. It reached a density from imper-
ceptible to 30% (mean approx. 12%). It usually developed in small clusters and
was present in lighter places (mainly within gaps or in the vicinity of gaps in
the forest stand).

The herb layer (c) reached a cover of 15% up to 80% (mean approx. 43%).
It often had a mosaic, cluster or clumpy structure and varied in height. Middle-
high thickets and herbs and some vascular plants grow next to high clumps of
ferns, and for example, Circaea alpina, Galeobdolon luteum, or Oxalis acetosella
grow very close to the ground.

The moss layer (d) was always present and had very different cover levels
ranging from insignificant to 75% (mean approx. 17%). Plagiotropic species
prevailed in that layer.

Occurrence conditions. The Abietetum albae phytocoenoses in the study
area occurred in classical upland conditions. They developed in an altitude
range from 278 m a.s.l (exceptionally) up to 460 m a.s.l, and most fre-
quently between 380 and 420 m a.s.l. Most frequently they were situated on
slopes of various exposures and with a mean inclination of approximately
7.5° (2—20°), and rarely in flat places. They usually occurred in the lower
parts of the Jurassic slopes.

Based on three soil profiles, soils that were under the cover of fir forest
habitats have been studied (Table 2). They were diagnosed as grey Luvisols or
deficient, weakly developed grey Luvisols formed of sandy loams or silty clays
lying on compacted silty clays that had been deposited on deeper lying Jurassic
limestones. Horizon A, is located at a depth of one to twelve centimetres, and
above it a humus horizon of a moder type (A,) is situated, which is zero to
five centimetres thick and not completely decayed. The flow horizon (A;) had
a mechanical composition of sandy silty clay, and was not distinct or clear, and
in profiles reached a depth of 5—39 cm.

The reaction of pH in the surface horizons was weakly acidic or acidic: in
A, 3.88—5.93 in H,0 (2.91—4.78 in KCl), while in A, — 3.72—5.05 in H,O
(2.90—3.70 in KCl). The deeper the profile, the weaker the acidity of these soils
was. CaCO; was absent along the entire profile in all three soil profiles.

Similar grey Luvisols that are formed of heavy deposits were observed in
the majority of the other fir phytocoenoses of the Abietetum albae association
in the Jurassic area. However, it should be stressed that in some cases, like for
example, in the Black Forest near the village of Wola Kocikowa (rel. 25 and 26
in Table 4) coniferous fir forests were also observed on rusty soils, which had
developed from sandy deposits. Regarding humidity, all of the habitats (sites) of
the Abietetum albae association can be described as fresh (locally strongly fresh
in transition to wet, see MATUSZKIEWICZ J. 1977 and MATUSZKIEWICZ J. M.,
KowALskA 2007).
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According to the forest-site typology, the coniferous fir phytocoenoses
(TRAMPLER et al. 1990; BANKOWSKI et al. 2004; RuTkowskI 2012; see also BRZEG,
RuTkowsKI 2004; BARC 2012) developed on the upland mixed coniferous forest
habitat (upland mixed coniferous forest type of site) and at least a few patches
of the more fertile Abietetum albae circaeetosum alpinae on the upland mixed
deciduous forest habitat (mixed upland forest type of site).

3.2. Floristic composition, local-habitat differentiation,
and distribution in the study area

Floristic composition. The occurrence of the Abietetum albae association in the
central part of the Cracow-Czestochowa Upland has been documented with 52
phytosociological relevés (Tables 3 and 4; Table 5, col. 7 and 11). The association
that was studied has been acknowledged as a rich syntaxon as to its floristic
features. The number of species per one patch has changed from 29 to 63 in
relation to the entire association with a mean value equal to 43. A total of 171
taxa of vascular plant species and mosses was recorded, including 83 that reached
II—V constancy degrees on at least one of the distinguished subassociations.

The forest stand, most of all, comprises silver fir Abies alba. In general, it
is well regenerated in all forest layers although there are some exceptions (see
Chapter 4). A frequent admixture was spruce Picea abies, which in some locali-
ties even played a dominant role. Spruce was also quite a dynamic species in
the lower layers of the forest. Birch Betula pendula, beech Fagus sylvatica, oak
Quercus robur, and pine Pinus sylvestris belong to an admixture species that was
quite frequent in the stand, and in a lower sublayer (a,) rowan Sorbus aucuparia
was observed. The other species of trees that were represented in the phytoso-
ciological relevés (Acer pseudoplatanus, Betula pubescens, Fraxinus excelsior,
Larix decidua, Populus tremula, Quercus petraea and others) were observed only
sporadically. It is noticeable and worth underlining that the presence of many
species of trees, including deciduous ones, strengthened the “mixed” and simul-
taneously “upland” character of the entire species arrangement.

In the shrub layer, Corylus avellana, Frangula alnus, and Sambucus racemosa
often occurred next to the up-growths of the above-mentioned species of trees
(rowan, fir, and spruce mainly). Other species that were recorded appeared only
sporadically.

Ferns (Athyrium filix-femina, Dryopteris carthusiana, D. dilatata, D. filix-
mas), bilberry Vaccinium myrtillus, raspberry and brambles (Rubus idaeus,
R. hirtus and R. pedemontanus), numerous herbs (Maianthemum bifolium, Myce-
lis muralis, Oxalis acetosella, Senecio ovatus, Trientalis europaea, and others),
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as well as wood-rushes, grasses, and sedges (Luzula pilosa, Agrostis capillaris,
Calamagrostis epigejos, Deschampsia flexuosa, and Carex pilulifera) belong to
a relatively constant and, for the most part, numerously growing species of the
herb layer. Many other taxa were observed somewhat rarely. These occurred
with a higher constancy only in the delineated shape of the association (e.g.,
Galium odoratum, or Gymnocarpium dryopteris occurred in a more fertile sub-
association).

A total of 30 taxa of mosses and liverworts were observed in the moss layer.
The most important among them were: Atrichum undulatum, Brachytheciastrum
velutinum, Dicranella heteromalla, Hypnum cupressiforme, Plagiomnium affine,
Plagiothecium curvifolium, Pleurozium schreberi, Pohlia nutans, Polytrichastrum
formosum, Sciuro-hypnum oedipodium, and Thuidium tamariscinum.

A phytosociological diagnosis of the association revealed good representation
of characteristic and differential species for particular syntaxa of the hierarchic
system: association — suballiance — alliance — order/class. Species that have
been acknowledged as regionally characteristic for the association (Abies alba,
Dryopteris dilatata, and Thuidium tamariscinum) (see MATUSZKIEWICZ ]. M.
1977, 2005; BRZEG, WOJTERSKA 2001; MATUSZKIEWICZ W. 2001; RATYNSKA et al.
2010; MAaTuszkiEwWICZ W. et al. 2012), as well as some that differed within the
suballiance (Atrichum undulatum, Rubus hirtus, R. pedemontanus, and Sambu-
cus racemosa) were constantly or often present. Only Cruciata glabra was more
weakly represented from this group of species, despite the fact that it is a com-
mon species in the Jurassic area in other phytocoenotic arrangements.

Fagus sylvatica as an admixture in the tree stand and Athyrium filix-femina,
Dryopteris filix-mas, Mycelis muralis, and Veronica officinalis were well repre-
sented as a group of species distinguishing the Vaccinio-Abietenion suballiance.
Hieracium murorum and Solidago virgaurea s.s (cf. MATUSZKIEWICZ ]. 1977),
among others, rarely occurred.

Zareba (1971) stressed the attachment of the phytocoenoses discussed here
into the Piceion excelsae alliance. This is determined by constant characteristic
species such as Picea abies (present in all forest layers) and Plagiothecium cur-
vifolium, as well as by distinguishing species (Rubus idaeus and Senecio ovatus).
It is worth paying attention to the presence (sporadic) of other “true” charac-
teristic species of the alliance mentioned above, such as Calamagrostis villosa,
Lycopodium annotinum and Moneses uniflora. In this context (see MATUSZKIE-
wicz J. 1977) as the representation of the Dicrano-Pinion alliance seemed very
weak (vide “Pino-Quercetum abietetosum”) and was restricted to the occurrence
of the pine Pinus sylvestris in some tree stands. A higher share of pines and
only a sporadic presence of Chimaphila umbellata, Juniperus communis s.s., and
Leucobryum glaucum in patches of fir forests is an evident effect of the forest
management (see KUROWSKI 1979, 1993; BRZEG, RUTKOWSKI 2004; MARCINIUK,
WIERZBA 2004; ORZECHOWSKI 2007).
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The Piceetalia excelsae order (=Vaccinio-Piceetalia) and the Vaccinio-Piceetea
class were represented in the tree stand by the aforementioned Pinus sylvestris
(singly and in a varied admixture of this species) in the phytocoenoses of the
upland fir coniferous forest should be acknowledged as a natural feature of
phytocoenoses (see, among others, tables by: DziuBarTowski 1928; MATUSZ-
KIEWICZ J. 1977; JOST-JAKUBOWSKA 1979; KRZEMINSKA-FREDA 1979; GLAZEK,
WoLAK 1991 or IzDEBSKI et al. 1992). Trientalis europaea, Vaccinium myrtillus,
and Pleurozium schreberi were constant or frequent elements of the herb or
moss layers, except for the pine. Among rarer species, the presence of Pyrola mi-
nor, Vaccinium vitis-idaea, Hylocomium splendens, and Ptilium crista-castrensis,
should be emphasized.

Mild mesotrophic character of the association being discussed is strength-
ened by the appearance of over 30 deciduous forest species that are character-
istic for the Querco-Fagetea class, which occurred in the majority with a lower
degree of constancy. Corylus avellana, Milium effusum, and Viola riviniana could
be noted as distinguishing for the association and the suballiance as additional
species to the said ones. Other species were more often found in patches of
a more fertile subassociation.

Accompanying species, such as Carex pilulifera, Dryopteris carthusiana,
Maianthemum bifolium, Moehringia trinervia, Luzula pilosa, Oxalis acetosella,
Pteridium aquilinum, Dicranella heteromalla, Hypnum cupressiforme, Plagiom-
nium affine, and Polytrichastrum formosum, which are transitive from the phy-
tocoenoses of acid beech woods and oak forests, prevailed. These were plants
that constantly and abundantly grew in many phytocoenoses that had medium
acidophilous all-forest features. It should be noted that the constant combina-
tion of the above species was present in the entire range of the Abietetum albae
association, practically in the entire country (see Table 5).

Phytocoenoses of the upper fir coniferous forest aggregated a set of valuable
elements of native regional Jurassic flora. Eighteen species of vascular plants and
mosses are under the protection of the law (Regulation of the Minister of the
Environment — Dz.U. 2014). The orchid Malaxis monophyllos is under strict
protection, while Blechnum spicant, Chimaphila umbellata, Epipactis helleborine,
Lycopodium annotinum, Moneses uniflora, Pyrola minor, as well as Climacium
dendroides, Dicranum scoparium, Eurhynchium angustirete, Hylocomium splen-
dens, Leucobryum glaucum, Pleurozium schreberi, Polytrichum commune, Pseu-
doscleropodium purum, Ptilium crista-castrensis, Sphagnum girgensohnii, and
Thuidium tamariscinum are in the group of partly protected species.

Among the rare and threatened plant taxa in the central part of the Cracow-
-Czgstochowa Upland, special attention should be paid to: endangered species
(EN) — Chamaecytisus ruthenicus and Ptilium crista-castrensis, vulnerable
species (VU) — Circaea alpina, Malaxis monophyllos and Rubus pedemontanus,
nearly threatened species (NT) — Chimaphila umbellata, Hepatica nobilis, Leu-
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cobryum glaucum, Moneses uniflora and Rubus nessensis, as well as to the lowest
care species (LC) — Actaea spicata, Amblystegium serpens, Atrichum undula-
tum, Brachytheciastrum velutinum, Brachythecium rutabulum, Carex pilulifera,
Climacium dendroides, Dentaria bulbifera, Dicranella heteromalla, Dicranum
scoparium, Eurhynchium angustirete, Herzogiella seligeri, Hylocomium splendens,
Hypnum cupressiforme, Kindbergia praelonga, Lophocolea heterophylla, Lycopo-
dium annotinum, Mnium hornum, Orthilia secunda, Orthodicranum montanum,
Oxyrrhynchium hians, Plagiomnium affine, P. undulatum, Plagiothecium curvi-
folium, P. denticulatum, P. laetum, Pleurozium schreberi, Pohlia nutans ssp. nu-
tans, Polygonatum verticillatum, Polypodium vulgare, Polytrichiastrum formosum,
Polytrichum commune, Pseudoscleropodium purum, Sciuro-hypnum oedipodium,
and Thuidium tamariscinum (PARUSEL, URBISZ [eds.] 2012; STEBEL et al. 2012).
Some of these species are protected as it was stated earlier in this chapter. It is
worth stressing that Malaxis monophyllos has the status of a vulnerable species
in Poland.

The phytogeographic group that is comprised of widely understood moun-
tain elements seems to be very interesting according to Zajac (1996). It includes
eight taxa: Abies alba, Calamagrostis villosa, Cardaminopsis halleri, Malaxis
monophyllos, Polygonatum verticillatum, Rubus hirtus, Sambucus racemosa, and
Senecio ovatus.

Local-habitat differentiation. A preliminary numerical analysis (see the
dendrogram of the similarity of the patches, Fig. 4) and then a traditional analy-
sis and verification of the total phytosociological material allowed for the final
division into two subassociations (Abietetum albae typicum and A.a. circaeetosum
alpinae) within the one association, Abietetum albae, in the central part of the
Jurassic area. That division was based on the presence or absence of representa-
tives of the distinguishing group of species, which differed from the more fertile
part of the association. Although the problem was treated differently by various
authors, in general, it is in agreement with the concept of Matuszkiewicz J. (1977).

Abietetum albae typicum J. Mat. 1977 (non A.a. typicum sensu Dziubaltowski
1928 nom. inval., Art. 3 d, e ICPN)

Nomenclatoric type: Abietetum polonicum typicum, rel. 29 in Table 8 (MATUSZKIEWICZ J.
1977), lectotypus hoc loco

The regional shape of the typical subassociation (Table 3) was distinguished
from the more fertile subassociation for the most part in a negative manner. It
included floristically poorer patches. The mean number of taxa per one relevé
amounted to 38 and varied between 29 and (exceptionally) 51. First of all, there
was the lack of an entire set of eutrophic and medium hygrophilous species in
these phytocoenoses, which differed from A.a. circaeetosum alpinae. On the other
hand, coniferous forest species like Pleurozium schreberi and Trientalis europaea
grew significantly more frequently and more abundantly in the typical subasso-
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TABLE 3. Abietetum albae typicum J. Matuszkiewicz 1977

Successive no. 1 2 31415 67|89 (10|11 |12|13|14]|15 16 (17| 18 |19 | 20| 21 | 22 | 23 | 24
Field no. of relevé 15 |38 40 | 53|39 |20 |16 |36(35 |33 |34 |19 |18 |24 | 32 44 | 37 | 43 | 41 | 42| 55 | 54 | 46 | 45
day 18 {20 20|10 | 20 | 18 | 18 |20 20 | 20 | 20 | 18 | 18 | 19 | 20 20 (20| 20 [ 20| 20|10 | 10 | 21 | 21
Date month 08 08|08 08|08 |08|08|08 08 08| 08|08|08] 08|08 08| 08| 08 | 08 | 08| 08| 08| 08|08
year 0910909 11|{09]09|09|09|09|09|09|09]|09]|09]|09 C 0909|099 |09|09| 11 |11 |09]09 C C
Altitude [m a.s.l]{390 | 418 | 417 | 285 | 414 | 375|390 | 380|380 | 375 | 375 | 375 | 395 | 455 | 351 o 406 | 415 | 405 | 402|403 | 287|283 | 425|427 o o
Slope exposure —INE|E| — | W W|SW N|—|—|—|S|—|NE| — n NE|NE|NNE| § |SW| — | —| — | § n n
Inclination [°] — |5 |R2|—|10]|5 |3 |2 |—|—|—|5|—|3]|— s 8§ 15|10 |5 |7 |—|—|—]12 s s
Density of tree layer al [%] 75185 |80 |40 |40 | 65|80 |60|60|70 75|40 |80 50|75 t 80|70 | 65 |70 | 80 | 70 | 45| 80 | 65 t t
Density of tree layer a2 [%] 10 | 10 | 15 | 60 | 60 | 25| 10 | 50 | 30 | 30 | 15 | 50 | 15 | 35 | 20 a 10 |30 | 25 | 25|10 | 20 | 60 | 30 | 30 a a
Density of shrub layer b [%] 55|+ (1020155 |25/10|15|10|5 |+ |20]5 n 10| 5|20 1515|110 |10 |10 | 10 n n
Cover of herb layer ¢ [%] 20| 5570 |50|30 3525|6040 506015 ]| 15|60 25 [ 75140 | 60 | 30 | 75 | 40 | 40 | 25 | 50 c c
Cover of moss layer d [%] 5155 +|10[3]10[15|+|[10|5]|5|5]|25|75 y 35115 | 40 [ 15|10 | 25|20 | + | 10 y y
Maximum height of trees al [m] 29129132 — | —|3|29(3| — | — 32303 |25]28 36 | —| — 32|30 — 32|30 | —
Maximum diameter of Abies [cm] 55146 |45 |46 | — |49 |45 |44 | — | — | 36|60 | 58 | 35| 24 N|—| — [60]5]70)38|32| —
Maximum diameter of Picea [ecm] 422532 | — | —|52|46|31 | — | — |37 | —| —|26]28 — | -] — | =] =] =] =130 =
Maximum diameter of Pinus [em] | — | — 1305 | —|—|—|—|—|—|—|—|—|—1]25 — | — | — | — | 48| — |46 | 32 | —
Maximum diameter of Betula em] | —|—|—|—|—|—| — |46 | — | — | 48| — | — | —| —|1=15| —| —| — | —|40| — | —| — | — |16—24|1—24
Maximum diameter of Quercus [cm] | — [24 20| 65| — | — | — | — | — | — |18 | — | — | — | — — | - - | == | =] =145 | —
Maximum diameter of Fagus fem] | — |2 | —|—|—|—|—|—|—|—|—|—|—|—1]— e e e e e e e e
Maximum diameter of Populus [cm] | — | — | — | —| — | — | 25|46 | — | — | — | —| — | — | — — |- | === | ===
Area of relevé [m?] 250400300 |200|400 400|300 |300|300|400 300|400 300|300 300 400{400| 300 {300 /400|300 |250|200|300
Number of taxa 33 136 |37 30| 3138|3640 |34 |35|38 30|36 42|43 47 | 38 | 51 |43 | 42|47 |48 |29 | 37
1. Ch., *D. Abietetum albae
Abies alba al 44 54 44 21 22 31 34 21 21 11 21 22 44 31 11 \Y% 54 44 44 44 44 44 34 21 (+) \% \Y%
Abies alba a2 22 11 21 44 44 21 11 32 11 11 21 11 21 31 + 11 31 33 22 21 21 44 21 21
Abies alba b + 12 + 21 21 +2 22 11 11 22 1.2 v 1.1 +2 + 11 11 22 + v v
Abies alba ¢ 11 21 21 11 21 11 11 21 LI 11 11 11 12 21 + 21 21 21 21 21 11 11 + r
*Sambucus racemosa b + 4+ +2 + + +.2 Y +  +2 o+ +2 11 v A
*Sambucus racemosa ¢ + + 1.1 r + + + + + + r o+ + o+ o+ + o+ o+ o+
Dryopteris dilatata (reg.) 12 12 +2 12 +2 +2 22 +2 12 +2 +2 +2 +2 +2 \4 22 12 22 12 12 12 22 12 +.2 \4 v
*Rubus pedemontanus 12 22 21 21 11 12 11 23 11 22 21 + + 11 \Y% 21 12 11 12 21 11 12 22 11 \% \Y%
*Atrichum undulatum +2 +2 +2 +.2 +2 +2 +2 +2 +2 IV | +2 12 +2 12 12 +2 +2 +.2 \% v
*Rubus hirtus +2 12 11 11 + 12 11 12 23 1.2 v 1.2 + 11 +2 +.2 34 v v
Thuidium tamariscinum +.2 +.2 +2 22| 1 +.2 +2 +2 +.2 111 I
*Cruciata glabra +.2 +.2 I +.2 +.2 I I
II. D. var. with Milium effusum
Milium effusum — + +2 12 +2 +2 + +2 v I
Dryopteris filix-mas (D. Suball.) — +.2 +2 +2 +2 +2 111 I
Poa nemoralis — +.2 +2 +2 + I I
Moehringia trinervia + + +2 +.2 II I
Deschampsia caespitosa +.2 +.2 +° +.2 1I I
III. D. Vaccinio-Abietenion
Fagus sylvatica al 11 11 11 11 .21 v 1.2 I v
Fagus sylvatica a2 + 12 21 12+ 21 + 22 11 11 L1 21 11
Fagus sylvatica b + 22 12 12+ 11 + A% + +.2 v \%
Fagus sylvatica ¢ + °r r + o+ + o+ r r + + r
Athyrium filix-femina 12 22 34 12 +2 +2 +2 +2 +2 12 +2 12 12 \Y% 12 23 12 22 22 12 12 +2 22 \% \Y%
Mycelis muralis + + + + + II + o+ + +2 III 111
Solidago virgaurea s.s. + + o+ I — I
Veronica officinalis + +.2 I + I I
IV. Ch., *D. Piceion excelsae
Picea abies al 21 11 11 31 21 21 33 34 34 31 + 21 31 v 11 11 31 45 v v
Picea abies a2 11 11 11 11 21 21 21 21 21 22 11 22 11 11 + 11 31
Picea abies b +° + o+ o+ +  +° + 12|V + o+ +2 +° 2.1 \4 \%
Picea abies ¢ + o+ o+ r 11+ + + 21 + + o+ 21 11 + o+ o+ +
Plagiothecium curvifolium +2 12 +2 +2 +2 12 +2 +2 12 +2 +2 +2 12 +2| V 22 12 22 12 +2 22 22 +2 +2 v A%
*Rubus idaeus +2 11 21 L1 +2 12 11 + +2 +2 +2 1A% L2 11 1.1 1.1 L1 + + 2.1 \% \%
*Senecio ovatus + + i+ + 11 11 I + o+ o+ + 42 + v I
V. Ch. Vaccinio-Piceetea
Pinus sylvestris al + 31 11 21 11 11 21| 1III 11 21 21 11 111 III
Pinus sylvestris b/c Jr Jr . J+ | 1D J+ J+ Jroo g+ 111 I
Vaccinium myrtillus 12 12 +2 23 21 23 12 33 23 13 23 11 12 34 12 v 12 11 11 11 12 11 22 +2 11 v \Y%
Trientalis europaea r 1 11111 + + 11+ o+ +.2 v 21 L1 11 11 +2 11 v v
Pleurozium schreberi +.2 12 +.2 23 +2 +.2 +2 22| I 12 +2 +3 12 +2 12 +2 v v
Vaccinium vitis-idaea +.2 + + o+ 1I — I
Pyrola minor +.2 +2 +2| I +.2 I I
Hylocomium splendens +.2 12 +2| 1 — I
Ptilium crista-castrensis +.2 +.2 +.2 I — I
Pseudoscleropodium purum 12| + +.2 +.2 II I
VI. Ch. Querco-Fagetea
Acer pseudoplatanus al 1.2 I — +
Acer pseudoplatanus a2 + o+ —
Acer pseudoplatanus b/c +H+ |1 J+ I I
Corylus avellana b +2 +2 +2 12 21 +2 22 11| IV 1.2 12 +2 22 111 v
Corylus avellana c r r + + o+ + o+ + o+ + o+
Cerasus avium a2 11 + — r
Cerasus avium bl/c Jr° J+ Jr J+ I I
Carpinus betulus a2 — + I r
Carpinus betulus b/c +/+ J+ I ++ +/+ 1I I
Fraxinus excelsior b/c J+ /r JroJ+° 11 — I
Acer platanoides ¢ ror r I — I
Viola riviniana +2 . . r + o+ 1I +.2 +2 r I I
VII. Others
Quercus robur al 1.2 11 3.3 11 + 11 I\% 2.1 11 11 21 11 111 I\%
Quercus robur a2 +° + o+ 11 + 11 +
Quercus robur b/c JroJ+ o+ o e+ e+ + L+ J+ JrooJ+ J+ | IV Jr J+ I+ +H J+ ++ v v
Betula pendula al 21 21 22 22 11 I 11 I I
Betula pendula b + +.2 1I 12+ 11 1I II
Betula pendula ¢ r + + o+ + L1
Populus tremula al 11 22 11 11 I — I
Populus tremula b 11 12 +° v 1I 111
Populus tremula ¢ 11 +° 11 + + r + +
Sorbus aucuparia a2 + + 2.1 1I 2.1 + 1I II
Sorbus aucuparia b L1 1.2 2.2 L1+ 1.2 v 1.2 22 21 12 21 21 v v
Sorbus aucuparia ¢ + + o+ + o+ + o+ + o+ + + 11 + 11+
Salix caprea a2 + — r
Salix caprea b/c Jroo. . . .. I Jr Jr 1I I
Frangula alnus b + 0+ .+ o+ 12+ + III L1+ + + v 1A%
Frangula alnus c .o+ .+ o+ + + roo+ + + o+ o+ 4+
Maianthemum bifolium 21 21 12 31 21 21 21 21 11 11 21 21 12 12 \Y% 21 21 21 21 31 21 21 +2 + \Y% v
Luzula pilosa 12 +2 +2 12 +2 12 22 12 +2 +2 12 12 12 12 22| V 1.2 12 +2 22 12 12 +2 +2 v v
Dryopteris carthusiana 12 12 12 +2 +2 +2 12 +2 +2 +2 12 +2 +2 +2 \Y% +2 +2 +2 +2 12 +2 12 +2 +.2 \Y% v
Dicranella heteromalla +2 +2 +2 +2 12 +2 22 +2 +2 +2 +2 +2 12 12 A 22 12 12 +2 12 +2 +2 +2 \4 A
Oxalis acetosella 22 22 23 22 13 12 12 23 13 22 12 +2 +2 A 12 11 13 12 23 22 22 12 Vv v
Polytrichastrum formosum +2 22 12 22 22 +2 12 +2 +2 12 12 12 23 \Y% 22 23 23 23 12 12 12 12 \Y% \Y%
Sciuro-hypnum oedipodium +2 +2 +2 12 22 12 12 12 +2 +2 12 22| IV | +2 12 +2 +2 +2 +2 +2 +2 12 \% \4
Pohlia nutans +2 42 +2 +2 +2 +2 +2 +.2 +2 +2 +2 +2 IV | +2 +2 +2 +2 +2 +2 +2 +.2 A% A%
Plagiomnium affine +.2 +2 +2 22 +.2 12 +2 +2 12 34| IV 12 22 +2 12 22 23 22 1.2 \Y% v
Deschampsia flexuosa 12 12 +2 13 12 22 +2 +2 12 12 +2 +2 +2| V +2 +2 +2 +2 +2 I v
Calamagrostis epigejos + +2 +2 +° +.2 + +2 111 +2 +2 12 +2 +° 111 111
Carex pilulifera 12 +2 +2 +2 +2 +2 +.2 III 12 +2 +2 +2 +2 +.2 v III
Galeopsis pubescens r r + I + o+ + v I
Lophocolea heterophylla +.2 +.2 +.2 +.2 +.2 1I +.2 +2 +.2 +2 + III 111
Plagiothecium laetum +2 + +.2 +.2 I +.2 + + +2 III I
Carex ovalis +° . .o+2 +2 +.2 +.2 II 12 +2 12 +.2 111 I
Hypnum cupressiforme +.2 + +2 +2 +.2 +.2 +2 +.2 1II +.2 I 1I
Agrostis capillaris +.2 +.2 I +.2 +.2 +.2 I I
Plagiothecium denticulatum +.2 + I +2 +2 +.2 I I
Brachytheciastrum velutinum +2 +2 12 +.2 I +.2 I I
Impatiens parviflora +° r + 1 + +2 11 II 1I
Pteridium aquilinum + 21 23 I + + 12 13 111 I
Herzogiella seligeri + + +.2 +2 +2 II I

Sporadic species: III. Fragaria vesca 15, 18(+); Galeobdolon luteum 7(r); Hieracium murorum 7, 15(+); IV. Calamagrostis villosa 18(1.2); Lycopodium annotinum 8, 22(+); Moneses uniflora 6(+),
15(2.2); *Polygonatum verticillatum 19, 20(+); V. Betula pubescens b 14(+); Chimaphila umbellata 15(+); Dicranum scoparium fo. 5, 16(+); Juniperus communis s.s. b 15(+); Leucobryum glaucum
19(+); Malaxis monophyllos 15(+); Orthilia secunda 15(+); VI. Anemone nemorosa 21, 22(+); Brachypodium sylvaticum 19(r); Carex digitata 22(+); C. remota 22(+); Equisetum sylvaticum 14(+);
Euonymus verrucosa b/c 1, 4, 15(+); Festuca gigantea 21, 22(+); Melica nutans 21(+); Scrophularia nodosa 22(+); VIL. Brachythecium rutabulum 8, 21(+); Calamagrostis arundinacea 4, 21, 22(+);
Calluna vulgaris 16, 18(+); Cardaminopsis halleri 13(+); Carex pallescens 9, 20(+); Chamaecytisus ruthenicus 15(+); Chamaenerion angustifolium 16, 18(r); Climacium dendroides 15(+); Convallaria
majalis 22(+); Crataegus rhipidophylla b 21(+); Dicranum montanum 22(+); Epilobium montanum 19(r); Geranium robertianum 15(r); Hieracium lachenalii 15(+); H. pilosella 15, 16(+); Hypericum
maculatum 8(r), 18(+); H. perforatum 13(+); Juncus effusus 16, 18(+); Kindbergia praelonga 8(+), 15(1.2); Leontodon hispidus s.s. 15(+); Luzula multiflora 13, 18(+); Mnium hornum 7(+); Padus
serotina c 1, 7(r), 4(+); Quercus petraea al 4(1.1), a2 4(1.2), ¢ 4, 15, 21, 22(+); Ranunculus repens 18, 20(+); Rubus plicatus 2, 6, 11(+); Rubus xcorylifolius 21(+); Rumex acetosella 13(+); Thymus
serpyllum 15(+); Urtica dioica 4, 20(r); Viburnum opulus ¢ 22(r).




ciation. Ptilium crista-castrensis and Vaccinium vitis-idaea occurred almost exclu-
sively in its patches, which is in agreement with the data collected by Brzeg and
Rutkowski (2004). Analyses of the soil profiles (see Table 2), which illustrated
a stronger acidification of at least higher horizons of the profile occurring in
that type of phytocoenoses, indicated (to a certain degree) poorer character of
the sites that were covered by phytocoenoses of the A.a. typicum subassociation.

Within the subassociation two local variants were distinguished, which still
have not been described in the literature on the subject — that is, a typical vari-
ant and variant that is somewhat more fertile with Milium effusum, and which

©
49(C46)
| 45(TM24)
48(c48
U 28(C41)
39(T5)
1 @® 37aM17)
A6(IMZ3) 11(C36)
a4TM16) 42(TM20)  41(TM*9) 26(C40) @
@ 30(C42)
o @)
4 38(T2)
3C2N g(cag)
33(;%)4 T11), @ 2537
32(T15) b a“’”& @ 3(c25) 23(C38)
1 @ savz2)@ 2P 5%:51) 4(C28) ®
36(T8) 6(C26),
20(T6) 120 @
@ 52(C50) Q
35(T9)
10(C34) 27(C32)
22(C44) e ©
9(C33)
7(C31) " 5(C30,
54(TM22) 0 @
43(C17)
T 19(T12)
N
o
|
-0.2

1.6

FiG. 5. Differentiation of all patches of the Abietetum albae (DCA) on the area of central part
of the Cracow-Czestochowa Upland
Explanations: numbers before brackets are the numbers of relevés in the field (see Fig. 2), numbers in

brackets are successive numbers of relevés in table A. a. typicum (T), A. a. typicum the Millium effusum vari-
ant (TM) and A. a. circaeetosum alpinae (C)
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is transitive to the next subassociation. This division was also confirmed by

numerical analyses, which resulted in a dendrogram of the similarity of patches

(Fig. 4) and the arrangement of particular relevés in a similarity diagram after

DCA analysis (Fig. 5).

The typical variant (Table 3 rel. 1—15) had no differing species of its own,
and thus it represents a medium shape of the subassociation, which occurs more
frequently in the area that was studied. The number of species that were present
in the relevés that documented this syntaxon of lower rank varies within a range
of 30—43, and is reaching a mean value of 36.

The Milium effusum variant (rel. 16—24 in Table 3) had a group of five dif-
ferential species (Deschampsia caespitosa, Dryopteris filix-mas, Milium effusum,
Moehringia trinervia, and Poa nemoralis), which appeared in a typical variant
sporadically rather than numerously. A little higher mean number of species in
the relevés, amounting in 42 (29—51), was evidence for the somewhat higher
floristic richness of the patches of the variant being discussed.

Typical subassociations in the diagnosis presented in general developed in
an upland mixed coniferous forest type of habitat (BMwyz type site) used in
forest management.

Locations of the relevés from Table 3 (Abietetum albae typicum):

1(15), 7(16), 13(18): the Pazurek nature reserve, the southern edges of the Cisowa
Rock;

2(38), 3(40), 5(39), 17(37): the village of Trzycigz, the Dlubnianski Landscape
Park, 421 forest sections to the south of the Trzycigz—Zagoérowa road;
4(53) [N 50.71318° E 019.49390° + 10 m], 21(55) [N 50.71397° E 019.49518° + 12

m], 22(54) [N 50.71318° E 019.49453° + 9 m]: Apolonka, the Kaliszak nature

reserve, southern part;

6(20), 12(19): to the NW of the village of Podlesice, the Pazurek Forestry, 116
forest section;

8(36), 9(35): to the NW of the village of Zabagnie, the Poreba Forestry, 157 for-
est section;

10(33), 11(34): to the NW of the village of Zabagnie, the Poreba Forestry, 156
forest section;

14(24): the village of Strzegowa Poduchowne, the Wodaca River Valley, for-
ests that are under private agricultural ownership to the E of Grodzisko
Chtopskie Hill;

15(32): the village of Kietkowice nad Dotami, forests that are under private
agricultural ownership to the west side of the red trip to the SE of Bialy
Kamien Hill;

16(44), 18(43), 19(41), 20(42): the village of Trzyciagz, the Dlubnianski Landscape
Park, on the northern side of the Trzyciagz—Zagérowa road;

23(46), 24(45): to the north of the village of Michaléwka, forests that are under
private agricultural ownership to the SW of Lysica Hill.
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Abietetum albae circaeetosum alpinae J. Mat. 1977
Nomenclatoric type: Abietetum polonicum circaeetosum (alpinae), rel. 21, Table 8 (MATUSZ-
KIEWICZ J. 1977), lectotypus hoc loco

Abietetum albae circaeetosum alpinae (Table 4) had a much stronger meso-
trophic character than the first of the upland’s fir subassociations from the cen-
tral part of the Jurassic area that have been discussed so far. It was distinguished
in a positive way by numerous groups of eutrophic and/or medium hygrophilous
species (14) from among which five reached high constancy degrees of III—IV
in that unit; these were: Galeobdolon luteum, Galium odoratum, Gymnocarpium
dryopteris, Festuca gigantea, and Viola reichenbachiana. Other species that
distinguished the subassociation, which were pointed out by Matuszkiewicz J.
(1977), that is, Circaea alpina, Epilobium montanum, Geranium robertianum, and
Phegopteris connectilis appeared with a lower frequency. The group of diagnostic
species was significantly enriched in species in comparison with the original di-
agnosis, which was an effect of the comparison studies. It should be stressed that
the group of taxa that are transitive from the class including deciduous forests
(Querco-Fagetea) prevail. Special attention should be paid to taxa from the Al-
nion incanae (=Alno-Ulmion) alliance such as: Circaea lutetiana, Festuca gigantea,
Eurhynchium angustirete and Plagiomnium undulatum. Significant share of the
deciduous forest elements of meso-eutrophic character suggested the need for
a description in the case of the majority of the patches in the subassociation that
was studied as those that represented an upland mixed deciduous forest habitat
type (LMwyz type site).

Patches of the A.a. circaeetosum alpinae are noticeably richer than those rep-
resenting a typical subassociation. The number of species per one relevé varies
between 36 and 63, and is 48 on average.

The analysis of the samples from two soil profiles that were performed in
the patches of the discussed subassociation on the slopes of the Goncerzyca
Rock in the Wodaca River Valley and Rzasowy Rock near Hucisko Ryczowskie
(Table 2) indicated that they had developed on deficient grey Luvisols formed
of silty clays, which were distinctly less acidic than in the case of A.a. typicum.

In Table 4 the phytosociological relevé no. 28 (the field number of relevé 47),
which was made in the area of Michaléwka village on the slopes of Bald Moun-
tain (£ysa Gora), has been placed after the column with the constancy degrees.
It documents the exemplary floristic composition of the strongly transformed
phytocoenose of the A.a. circaeetosum alpinae subassociation, which according
to Falinski (1966) presents an advanced degeneration phase of that syntaxon.
This deformation has been caused by the planting of pine in the vicinity of
well-developed fir phytocoenoses and was manifested, among others, by creating
a poorer diagnostic species groups, over-development of fern Athyrium filix-femi-
na and brambles (Rubus hirtus especially), as well as the abundant appearance
of Impatiens parviflora. According to Olaczek (1974) and Kasprowicz (1996a),
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the occurrence of at least three separate degeneration forms: pinetisation with
pine Pinus sylvestris, epilobietisation (extraordinary share of open-space species
usually covering clear-cuttings) and neophytisation (expansion of geographi-
cally alien species) can be observed simultaneously in this patch. The presence
of similar arrangements in many locations within the entire area of the study
prove that upland fir forests were much more widely distributed in the past (see
Ursisz 2012 — Fig. 1), and that nowadays they are being gradually eliminated
by some forms of forest management, especially by the favouritism in relation
to pine stands (BRzEG, RuTkOwskI 2004).

Locations of relevés from Table 4 (Abietetum albae circaeetosum alpinae):

1(3), 4(4), 7(7): the village of Strzegowa Poduchowne, the Wodaca River Val-
ley, forests that are under private agricultural ownership on the slopes of
Grodzisko Panskie Hill;

2(6), 5(8), 6(5): the village of Strzegowa Poduchowne, the Wodaca River Val-
ley, forests that are under private agricultural ownership on the S slopes of
Goncerzyca Rock;

3(31), 8(27), 15(29), 16(26), 17(28), 18(30): the village of Strzegowa Poduchowne,
the Wodaca River Valley, forests that are under private agricultural ownership
on the N slopes of Goncerzyca Rock;

9(9), 10(10), 11(12), 12(11): the village of Hucisko Ryczowskie, Rzasowy Rock,
forests that are under private agricultural ownership, on the N slopes of the
hill 435 m a.s.L;

13(25): the village of Strzegowa Poduchowne, the Wodaca River Valley, forests
that are under private agricultural ownership on the E slopes of Grodzisko
Chlopskie Hill;

14(23), 20(22): the village of Strzegowa Poduchowne, the Wodaca River Val-
ley, forests that are under private agricultural ownership on the E slopes of
Bisnik Rock;

19(17): The Pazurek nature reserve, the southern edges of Cisowa Rock;

21(21): to the NW of the village Podlesice, the Pazurek Forestry, 116 forest section;

22(49), 23(50): to the north of the village Miechéwka, the Bold Mountain Forest,
the Porgba Forestry, 145 forest section;

24(48), 28(47): to the north of the village Michatéwka, forests that are under
private agricultural ownership to the west from the hill 454 m a.s.l;

25(51), 26(52): to the south from Kocikowa, the Smolen Forestry, 179 forest
section;

27(56) [N 50.71410° E 019.49546° + 9 m]: Apolonka, the Kaliszak nature reserve,
the southern part.
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TABLE 4. Abietetum albae circaeetosum alpinae J. Matuszkiewicz 1977

Successive no. 1 2134|567 8|9 10 |11 1213 14|15 16 |17 |18 |19 |20 | 21 | 22|23 |24 |25]| 26|27 28
Field no. of relevé 316|314 |85 |7 /279 10 |12 |11 | 2512329 26 | 28|30 |17 |22 | 21 | 49|50 |48 | 51| 52|56 47
day 17 17119117 |17 |17 |17 |19 |18 | 18 |18 |18 |19 |19 |19| 19 |19 |19 |18 |19 | 18 |21 | 21|21 | 21|21 |10 21
Date month 08 |08|08|08|08|08|08| 08| 08| 08 08|08 08|08 08| 08 |[08|08|08|08| 08 |08|08|08|08| 08|08 08
year 09109]09]09]09/09]09/09|09| 09 |09[09|09[09[09| 09 [09|09]09|09| 09 |[09]09]09|09]|09 | 11 09
Altitude [m as.l]| 395|449 433|405|440(420|430| 418 | 420 | 422 |425|426|460|442|420| 415 |410|410|395|439| 380 |360|357|440| 381375280 435
Slope exposure SSW| S |[NE|SW|SE |[SW| E | W SSWSWW|NE| N | N |W | N NWW|/NE|NE| § | W |SWW| N |NE|SW| E |NE |SW S
Inclination [] 517105587158 100|157 17815 5 715 |5]| 4 7 2011283 ]2]3 10
Density of tree layer al [%] 70 |70 | 50 | 60 | 70 | 50 | 50 | 60 | 60 | 60 |70 | 60 | 60 |60 | 60| 60 [60|75|70|60| 75 |50|50|70|70 |80 |60 60
Density of tree layer a2 [%] 3525|3035 |10 |40 |50 | 30|30 | 40 | 15|30 |35|40|35| 30 |20|15|30|40| 25 |40 |40 |20 |25 10 | 35 25
Density of shrub layer b [%] 1015151510 | 15|15 15|10 | 10 |15 |15 |10 |15 |15 | 15 |20 /20| + | 5 5 15120302010 | 10 5
Cover of herb layer [« [%] 2513040 |35|40|{40|50|30| 40| 60 | 65|40 |60 |40 50| 40 |60 |50 | 15|25 | 20 |30 |30|45|90| 80 |45 70
Cover of moss layer d [%] 510|100 |15|15|5 |5 10| 5 10 | 15(25|20|10|40| 25 |50 25| + |10 | 10 |15 |10 | 10 | 60 | 50 | 20 5
Maximum height of trees al [m] 30| — 34303 | —|— 3|33 |35 |—|[3|—|30|—] 36 |34|—|—|—| — | —|3]36|—1]29|35 —
Maximum diameter of Abies [cm] 31| —| — 48|37 | —| — |5 |5 | 62 | —|53|—|—|—| 40 |58 |56 | — |5 | — | — 42|30 — |16 |78 —
Maximum diameter of Picea [em] |25 | —|—|23|25|—|—|—| —| — |—|—|—|—|—| 38 |39 | —|—|—| — | — |4 |46 | — |35 | — —
Maximum diameter of Pinus [cm] 28| —|—|—|—-|—-|—-|-|=-| =-—|—-|—-|—-|—-|—-| — |—|45|—|—| — | —|—|3]|—| 41|58 —
Maximum diameter of Quercus [cm] — = === === =] — | == | === = | =] === = | =13 ]40| — | — | — [1—=27]| —
Area of relevé [m?] |300]300|300|400|250|300|400|300|400| 300 [400|400|400|400(400| 400 |300|300|300|300| 300 |300/400|400|400| 400|300 300
Number of taxa 36 | 5345|4546 |39 |39 |47 | 44 | 50 |50 |53 |48 |48 (49| 50 |56 |46 |37 |47 | 40 | 42|53 |49 63| 61 |55 35
1. Ch., *D. Abietetum albae
Abies alba al 44 44 31 44 44 34 34 44 44 44 44 44 44 31 44 44 44 44 44 31 31 .21 11 11 11 31| V .
Abies alba a2 21 22 21 21 11 33 33 21 22 32 21 33 31 21 34 22 21 21 22 21 21 33 31 21 11 21 31 11
Abies alba b 1 11 11 11 11 11 11 . 21 22 22 21 21 11 + 11 + 22 + 12 12 11 12 21 12|V +
Abies alba c 21 11 11 21 21 21 21 21 21 21 21 21 21 21 21 21 21 22 11 11 11 . r + o+ 21
*Sambucus racemosa b + o+ L1 + o+ o+ + +2 + + 11 + + | IV
*Sambucus racemosa ¢ . R T S O B e + A o+ + + 1] .
Dryopteris dilatata (reg.) 12 +2 12 +2 +2 +2 +2 +2 +2 . +2 42 +2 +2 12 +2 +2 +2 +2 +2 +2 12 +2 12 12 +2 12| V [+2
*Rubus pedemontanus 21 21 11 11 12 11 22 21 11 22 22 21 11 12 . 22 23 13 + 12 23 11 12 23 +2 21 22| V |13
*Atrichum undulatum 12 12 12 +2 12 + 12 12 12 12 12 22 12 22 +2 12 12 +2 +2 12 +2 +2 +2 +2 +2 . vV |12
*Rubus hirtus +.2 . +2 . . . 2.1 12 12 12 12 12 12 + 12 +2| III |34
Thuidium tamariscinum +.2 +2 +2 +.2 +.2 12 12| II
Cruciata glabra + + + + | I
II. D. reg. A.a. circaeetosum alpinae
Galium odoratum + +2 .o+ + L1 13+ o+ 12 4+ o+ 4+ + . Lo+2 o+ +2 0+ .o +2 + r | IV
Gymnocarpium dryopteris +2 +2 + 12 . 13 +.2 +.2 +2 +2 21 +2 23 23 +2 12 23 12 +2 IV | .
Viola reichenbachiana + o+ . +.2 +  +2 o+ +.2 + o+ o+ r + o+ I | +.2
Festuca gigantea + +2 + .o+2 r roo. + + r . .o+ +2 + | IOI |+.2
Galeobdolon luteum L1 12+ 12+ roo+2 . +2 +2 + 12 . 111
Circaea alpina + . +.2 . +2 r +2 . r . +.2 II .
Deschampsia caespitosa +.2 +2 +2 +2 +.2 +.2 +.2 I |+2
Geranium robertianum + r + r + . .o+ 1I +
Paris quadrifolia r . r + +2 +2 I | .
Circaea lutetiana + . + +.2 . . + S+ I [+2
Phegopteris connectilis 1.3 . .+3 +.2 . 13 +2 +2 II
Plagiomnium undulatum . +2 22 +2 12 +.2 +.2 . I
Eurhynchium angustirete +.2 +2 +.2 +.2 +.2 +.2 I
Epilobium montanum r r r r I
III. D. Vaccinio-Abietenion
Fagus sylvatica al 1.2 L1 + . Ll 11 L2121 . . P I 00 G
Fagus sylvatica a2 + 12 + + 22 11 11 21 + + 11 11 2.3
Fagus sylvatica b + + o+ + 11+ + 12 12|V
Fagus sylvatica ¢ Lo+ o+ L+ 4+ 4+ o+ o+ T+ o+ +
Athyrium filix-femina 22 22 12 22 22 12 12 12 32 22 22 22 12 22 22 22 22 12 22 22 12 23 22 12 +2 +2 12| V [33
Mycelis muralis + r + + + + 1 + + + r . + r r . + T S S o A A A
Dryopteris filix-mas +.2 +2 +2 +2 +2 +2 12 +2 +2 +2 . . +2 . 42 +2 12 +2 +2 +2| IV |12
Veronica officinalis +.2 + +.2 + +2 o+ +2 +2 + +2 + I
Solidago virgaurea s.s. + + .o+ + + + + I
Hieracium murorum + +2 +.2 + + r +2 + I .
Melica nutans +.2 +.2 +.2 +.2 +.2 I |+2
IV. Ch., *D. Piceion excelsae
Picea abies al + 11 11 + 21 11 11 + 11 . 21 1.1 1.1 11 + . LI 31 34 34 44 44 44 vV |21
Picea abies a2 . 1.2 + 11+ 11 11 12 11 11 11 + 1.1 + . 11 .
Picea abies b 11+ + + o+ 4+ 4+ o+ o+ . + 21 22 11 11 11 vV |11
Picea abies ¢ + + + + o+ .+ . . + + . .+ r 11 + + r . + + 12 11 21 21 .
Plagiothecium curvifolium +2 +2 12 12 12 +2 +2 +2 +2 12 +2 +2 12 12 12 12 22 12 +2 +2 +2 12 12 +2 +2 12 12| V .
*Rubus idaeus + o+ LI 12 + + LI + . 12+ + LI 12 21 12 + 12 + 11 +2 12 21 12 vV | L1
*Senecio ovatus 11 11 L1 11 21 + 11 22 21 21 11 11 11 12 21 12 1.2 + o+ o+ o+ o+ vV |+
V. Ch. Vaccinio-Piceetea
Pinus sylvestris al 11 1.1 L1211 11 + + 2.1 L1 11 21 21| IOI |34
Pinus sylvestris b/c | . S . S . L . N I
Vaccinium myrtillus 23 22 22 23 22 34 34 13 21 12 12 23 34 +2 +2 12 12 23 11 12 22 + +2 12 32 22 22| V +
Trientalis europaea + o+ 4+ + + . + .o+2 +2 + 11 21| III
Pleurozium schreberi +.2 . +.2 +.2 .+2 33 33 +2| II
Pyrola minor +.2 + +2 o+ +2 +2| I
Melampyrum pratense fo. + + 4+ . N I
Hylocomium splendens +.2 +.2 +.2 I
VI. Ch. Querco-Fagetea
Acer pseudoplatanus al 1. . I
Acer pseudoplatanus a2 L1 11 1+ o+
Acer pseudoplatanus b + o+ + + L+ + + + 4+ + + v
Acer pseudoplatanus c + o+ + + o+ o+ o+ + r 11 + + + o+ o+ + + r
Corylus avellana a2 . 2 ... .22 . .o L2 12 . . 12 . I
Corylus avellana b 12 22 23 21 12 21 21 22 12 12 23 22 22 12 12 +2 +2 +2 12 +.2 \Y%
Corylus avellana ¢ roo+ o+ o+ o+ L+ o+ o+ + + o+ roo+ o+ + +
Cerasus avium a2 . . . . . . . . + . r .
Cerasus avium b/c +/. Jr Jr Jroor J+ JrooJroro S+ I | ./r
Fraxinus excelsior a2 L1 . . . r
Fraxinus excelsior b/c JrooJ+ J+ o r I
Acer platanoides b + . + . III
Acer platanoides c ro+ 4+ r r + + + + r o r 11 . + .
Carpinus betulus b/c J+o I+ +/+ J+ A +.ooJ+ Jr J+ +/11) 11
Ribes uva-crispa c +° . r o+ r° + + + +.2 II .
Viola riviniana +.2 +2 r +2 + .42 + . + o+ r | II [+2
Poa nemoralis +.2 . +2 +2 +2 o+ +.2 I
Epipactis helleborine + 1l r r . I
Mercurialis perennis + + + +.2 I
Ajuga reptans + + + I
VII. Others
Quercus robur al . 1.2 . 22 11 11 I |23
Quercus robur a2 . .11+ . . 1.2
Quercus robur b/c J+ o+ J+ I+ I+ J+ J+o+ A+ o+ o o+ v .
Betula pendula a Ll 11 + + o+ . + + LI + 11 + 11 I | 11
Betula pendula b + 11 + . 111
Betula pendula c + + + o+ + o+ + + 1l r
Populus tremula a + + 1l 11 11 11 1I
Populus tremula b + o+ o+ + .1 ° 11 +.2 I
Populus tremula ¢ + o+ o+ + o+ 21 11 +  +° S+ . R + o+
Sorbus aucuparia a2 + o+ + + LI 11 11 21 11 L1 Lr 1 121 . . I
Sorbus aucuparia b + o+ + 11 L1 21 11| V
Sorbus aucuparia ¢ + 0+ 4+ 4+ 4+ 4+ 4+ 4+ o+ o+ o+ o+ + + o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ 21 + +
Salix caprea a2/c +.o I+ +. +. .
Quercus rubra a2 + + +
Quercus rubra c r + r o+ + + r r . 11
Frangula alnus b L1 + | IO
Frangula alnus c + o+ 4+ + o+ o+ o+ r + o+ 4+ + o+ o+ o+ +
Sambucus nigra b/c Jrooooo o4 o0 e o e o . e . B | I .
Oxalis acetosella +2 12 12 +2 12 +2 22 22 22 22 23 33 22 22 22 22 22 22 12 22 12 22 12 22 44 34 22| V |22
Maianthemum bifolium 21 12 21 21 21 21 21 21 21 12 21 + 11 + 11 12 12 12 11 +2 21 11 12 12 11 21 22| V |11
Luzula pilosa 12 12 12 12 22 +2 12 12 12 +2 +2 +2 +2 +2 22 12 +2 22 +2 12 +2 +2 12 +2 22 12 12| V |12
Polytrichastrum formosum Lo+2 12 22 12 +2 . 12 +2 +2 12 12 23 12 23 22 22 12 +2 12 12 12 +2 12 +2 +2 12| V .
Dicranella heteromalla 12 12 12 22 22 12 12 12 12 12 12 12 12 12 12 12 12 12 +2 +2 12 +2 +2 +2 . Lo +2 VO [+2
Dryopteris carthusiana +2 +2 +2 +2 . +2 +2 +2 . . + 42 +2 +2 +2 +2 42 +2 +2 12 +2 +2 12 +2 +2 +2 22| V |+2
Plagiomnium affine +2 . 12 +2 +2 . 12 +2 12 22 22 12 . 22 22 22 22 +2 +2 22 12 12 33 23 23| V
Carex pilulifera +2 +2 +2 12 12 +2 +.2 +2 42 +2 +2 +2 +2 +2 42 +2 +2 +2 +.2 +2 +2| IV
Galeopsis pubescens r .o + + . + + o+ o+ o+ .+ + o+ o+ o+ o+ v | +
Agrostis capillaris + o+ +2 Lo+2 0+ 42 0+ +2 4+ +° L 42 +2 Lo+2 +2 +2 +°| I
Brachytheciastrum velutinum +2 +2 ... +.2 +2 +2 +2 +2 . 12 42 +2 +2 +2 . .o+2 42 .| HI
Hypnum cupressiforme +2 12 +2 +2 +2 +2 . . Lo+2 +2 12 22 . . +2 . +2 +2 . +2| III
Pohlia nutans +2 +2 +2 +2 +2 +2 +2 +2 12 +2 +.2 +.2 +.2 +2| I
Moehringia trinervia + + + . + o+ + + + + o+ + | IOI | +
Calamagrostis epigejos +° oo+ + o+ +° L. L +2 ° . L0+ 42 | I
Sciuro-hypnum oedipodium +.2 . . . +2 +2 +2 12 12 +° +2 12 +2 +2 . | III
Pteridium aquilinum + +.2 23 +.2 + .12 . + . +2 . 13 +2| I
Lophocolea heterophylla . . + +2 . +2 42 +2 + +2 4+ +.2 . 1I
Brachythecium rutabulum +.2 + +2 . +.2 +.2 +.2 +2 . .+2 +.2| 1I
Plagiothecium laetum +.2 +.2 +2 +2 .o+2 + . . .| I
Deschampsia flexuosa +2 + +.2 22 12 +2| II
Urtica dioica + + r .+ . .+ + | II
Herzogiella seligeri +.2 +2 +.2 +2 +.2 .o+2| II
Viburnum opulus b/c J+ . J+ . . B e o B |
Carex ovalis +.2 +2 . . +.2 . +.2 I
Plagiothecium denticulatum +.2 +.2 +.2 . + I .
Impatiens parviflora + . LI+ +2 I |21
Juncus effusus +° +° + +° 1

Sporadic species: IV. *Luzula luzuloides 2(+); Lycopodium annotinum 25, 26(+); Moneses uniflora 26(1.2); V. Betula pubescens a2 3(+), 12(L1), ¢ 3(+); Leucobryum glaucum 27(+); Orthilia se-
cunda 25(+); Vaccinium vitis-idaea 25(+); V1. Actaea spicata 8(r); Anemone nemorosa 19, 27, 28(+); Asarum europaeum 8(+); Brachypodium sylvaticum 25, 26(+); Carex digitata 21(+); Dentaria
bulbifera 14(+); Equisetum sylvaticum 22(+); Euonymus verrucosa b/c 1, 11(+); Hepatica nobilis 19, 21(+); Impatiens noli-tangere 18, 20(+); Malus sylvestris b/c 3(+), 26(r); Milium effusum 24,
27, 28(+); Padus avium b/c 13(r), 23(+); Pulmonaria obscura 8(+); Ribes spicatum b/c 11, 12(+); Scrophularia nodosa 11(r); Tilia platyphyllos ¢ 8, 13, 20(r); VII. Aegopodium podagraria 11(+);
Amblystegium serpens 12(+); Calamagrostis arundinacea 27(+); Campanula rotundifolia 25(+); Cerastium holosteoides 26(+); Chamaenerion angustifolium 14, 25(+), 26(r); Cirsium palustre 5(r);
Convallaria majalis 27(+); Cornus sanguinea b/c 2, 13(+), 6(r); Crataegus rhipidophylla b/c 11(r), 12, 25(+); Festuca ovina 25(+); Fragaria vesca 25(1.2), 26(+); Galeopsis tetrahit 24(+); Hieracium
laevigatum 27(r); Hypericum maculatum 15, 26(+); H. perforatum 19(r), 26(+); Kindbergia praelonga 23(+); Larix decidua al 9, 19(1.1), 10(1.2); Luzula multiflora 16(+); Lysimachia vulgaris 17,
25(+); Melandrium rubrum 25(+); Mnium hornum 1(+); Oxyrrhynchium hians 8, 15, 25(+); Padus serotina c 9, 12, 27(r); Poa trivialis 2(+); Polygonum minus 27(r); Polypodium vulgare 3(+);
Polytrichum commune 4, 15(+), 17(1.2); Prunus spinosa ¢ 9, 19(+), 11(r); Quercus petraea al 27(1.1), a2 27(+), ¢ 27(+); Ranunculus repens 10(+); Rhamnus catharticus c 18(r); Rubus nessensis
23(+); Rumex acetosella 25(+), 26(r); Sorbus aria ¢ 5(r); Stellaria media 9(r).




Distribution in the study area. To date, well-developed patches of the
Abietetum albae association have been identified in the central part of the
Cracow-Czestochowa Upland (on ten locations). They are mainly situated in
the southern part of the area being studied, south of the Pilica river (Fig. 2).
Only two patches were found to the north of that river (compare HEREZNIAK
1993 — two patches from the vicinity of the village of Dziadéwki near the town
of Janéw). Among those ten, only the phytocoenoses from the Kaliszak reserve
(location 1) covered a larger area. Patches of the Abietetum albae covered rather
small areas (up to a few hectares) in the majority of the identified locations. They
were most frequently neighbouring with acidic beech woods, rarely with poorer
oak-hornbeam-linden woods or acidophilous oak forests on the one hand, and,
on the other hand, with fresh coniferous pine forests of Leucobryo-Pinetum
type, which were widely characterised in this area by Wika (1983). The upland
fir coniferous forest maintained bigger patches that covered vast areas in only
four locations, and these were locations no. 5 (forests between the villages of
Jaroszowiec and Pazurek), no. 6 (the Wodaca River Valley), no. 8 (the village of
Zabagnie) and no. 10 (the village of Trzycigz).

Phytocoenoses of the Abietetum albae were best developed and represented
the full spectrum of local-habitat variability; moreover, they covered dozens of
hectares of forests in the broadly understood Wodaca River Valley (see Wika et
al. 2000). This is the valley between small localities (villages): Smolen, Strzegowa
Poduchowne, and Zlozeniec. Fir forests dominated the lower parts of the slopes
on almost all of the hills, in particular, Bisnik Rock, Goncerzyca Rock, Grodzisko
Chtopskie, and Grodzisko Panskie Rocks. The very extensive, traditional use of
fir phytocoenoses by local private agricultural users favoured a good state of
preservation of the association being discussed. This is the so-called manage-
ment with a single tree (as opposed to cutting more widely and leaving large
gaps in the tree canopy), as well as using the natural processes of spontaneous
forest dynamics.

Attention should be paid to the large multiple-hectare patches of the Abiete-
tum albae in the vicinity of Trzyciaz and Zagdérowa, which are situated mainly
within the borders of State Forests. A clump of the oldest and the biggest fir
specimens in the entire study area with dbh over 90 cm (see rel. 44 in Table 3
and Chapter 4) are located there. A nature reserve would be an appropriate
form of protection in the case of this type of forest ecosystem and would assist
in maintaining, among others, the best phytocoenoses of the Abietetum albae.
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3.3. Peculiar character of the association in the region
in the light of its variability in Poland

Forest communities of the Abietetum albae type occur in a significant part
of Poland from the colline zone in the Carpathians on the south to the Sie-
dlecka Upland (Wysoczyzna Siedlecka) on the north and from Trzebnickie Hills
on the west to Roztocze on the east, as it is in the literature on the subject:
Dziubaltowski 1928; Dziubaltowski, Kobendza 1933, 1934; Izdebski 1959, 1963;
Zarzycki 1963; Fabijanowski, Zarzycki 1965; Grodzinska, Pancer-Kotejowa 1965;
Pacyniak 1966; Zareba 1971; Fijatkowski 1973, 1993; Swiqs 1974a, b, 1982, 1983,
1985; Dzwonko 1977, 1986; Matuszkiewicz J. M. 1977, 2005; Jost-Jakubowska 1979;
Krzeminska-Freda 1979; Macicka, Wilczynska 1990; Glazek, Wolak 1991; Izdebski
et al. 1992; Herezniak 1993; Macicka-Pawlik, Wilczynska 1995; Stachurska 1998;
Brzeg, Rutkowski 2004; Marciniuk, Wierzba 2004; Kope¢ 2006; Matuszkiewicz
J. M., Kowalska 2007; Orzechowski 2007; Towpasz, Stachurska-Swakon 2010;
Bar¢ 2012, as well as in many other papers. In spite of this, problems of the
geographical differentiation of the association have not been undertaken by
many researchers (MATUSZKIEWICZ J. 1977, 2005; BRZEG, RUTKOWSKI 2004;
MatuszkiEwicz W. et al. 2012). Matuszkiewicz J. (1977) examined all of the ear-
lier and contemporary materials of that time that were related to the upland fir
coniferous forests and proposed that at “the centre of the range” of the associa-
tion (i.e. within the typical shape) three local shapes can be distinguished: sub-
-Carpathian, sub-Roztocze and sub-Holy Cross. At that time, he did not give
them the rank of regional status and all of the other documentations, among
others, from southern Wielkopolska and from southern Mazovia (Mazowsze),
he treated as representing the so-called “edge shapes,” which were more or less
poorer and distant from the types being described. On the other hand, Brzeg
and Rutkowski (2004) treated the Abietetum albae shapes from Trzebnicko-Os-
trzeszowskie Hills (Wzgdrza Trzebnicko-Ostrzeszowskie) and adjacent areas of the
Oles$nicka Plateau (Réwnina Olesnicka) as an independent Silesian-Wielkopolska
variety of this association. They also suggested the need to raise the three men-
tioned local shapes to the rank of regional varieties (sub-Carpathian, sub-Roz-
tocze and sub-Holy Cross), which were distinguished by Matuszkiewicz J. (1977).
Matuszkiewicz J. M. (2005) investigated the sub-Carpathian, sub-Roztocze and
sub-Holy Cross varieties, but still treated the fir forests from the other parts of
the country as borderland. Six separate geographic varieties of the association, in
which the status of a few needed verification, have been recently mentioned by
Matuszkiewicz W. and others (2012). Some authors have treated the fir conifer-
ous forests from the foothills of various Carpathian ranges as independent basal
syntaxa, such as Dryopterido dilatatae-Abietetum, Vaccinio myrtilli-Abietetum,
or “the community” Abies alba-Rubus hirtus p.p., or Abies alba-Oxalis acetosella
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p.p. (e.g. STASZKIEWICZ 1973; Swigs 1982, 1983, 1985; DzwoNKO 1977, 1986; STA-
CHURSKA 1998; TowPASZ, STACHURSKA-SWAKON 2010), and others, for example,
Bar¢ (2012) included them into the range of the lower montane spruce-fir forest
Abieti-Piceetum (montanum). On the other hand, Zareba (1971) proposed that
the fir forests form the Kozienicka Primaeval Forest (featured with small share
of spruce, among others) be called the Querco-Abietetum association and placed
them clearly in the Vaccinio-Piceion (=Piceion excelsae) alliance.

In the light of the above-mentioned information, the issue of how to solve the
problem of the regional status of the association in the area of the central part
of the Jurassic area, which is located in the transitive position between the areas
of the units that were proposed in the previously presented book in the rank
of geographic varieties: Silesian-Wielkopolska, Holy Cross, Subcarpathian, and
Mazovian (in the sense of “the edge shape” from Mazovia by Matuszkiewicz J.
(1977)) seems very interesting. Some exemplary materials, which document the
floristic composition and differentiation of the Abietetum albae at the rank of
subassociations, have been compiled in a shortened synthetic table (Table 5) in
order to explicate this problem. The materials came from different regions and
subregions within the entire range of the association in Poland. A set of con-
clusions, which is important for the general knowledge concerning variability
of the upland fir coniferous forests in our country, can be formulated after this
table has been analysed. These conclusions permit the peculiar character of this
association in the area of our study to be explained.

Therefore, it seems reasonable to distinguish up to six separate units of the
Abietetum albae that are regionally differentiated at the rank of geographic va-
rieties (geographic races) within the entire Polish biochore of this unit (Fig. 1).
These are the varieties: Silesian-Wielkopolska, Jurassic, Subcarpathian, Holy
Cross, Roztocze, and Mazovian (see MATUSZKIEWICZ J. M. 2005; MATUSZKIE-
wicz W. et al. 2012). All of them have well-manifested floristic characteristics
that are both positive and negative; they also have demonstrated sets of combined
distinguishing species for groups of two or more varieties.

The Silesian-Wielkopolska variety (see BRZEG, RuTkowskI 2004) occurs in
the area of Trzebnicko-Ostrzeszowskie Hills and in adjacent areas of postglacial
valley of the Barycz river and Opole Silesia within the north-western part of
the natural upland-lowland range of the fir and spruce (col. 1—6 in Table 5). It
revealed the almost exclusive presence of Chamaenerion angustifolium, Hypnum
jutlandicum, Rubus gracilis, R. plicatus, R. schleicheri, and R. sprengelii. Some
of the species mentioned before, also occurred sporadically in other varieties;
however, in the majority these are absent. Carex pilulifera and Hypnum cupres-
siforme reach the optimum of their occurrence in that variety of the association.

Species combined with the Jurassic variety, which rarely occurred in the
other areas, were Deschampsia flexuosa, Lophocolea heterophylla, Molinia cae-
rulea, Plagiothecium curvifolium, Pohlia nutans, Pseudoscleropodium purum,
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and Sciuro-hypnum oedipodium. The share of Agrostis capillaris unites the
Silesian-Wielkopolska and Jurassic varieties with the Holy Cross and Mazovian
varieties. Quercus petraea had a similar value but lacked Jurassic fir coniferous
forests. These two species were distinctly absent from the Subcarpathian variety,
in which they occurred only sporadically. The lack of: Huperzia selago, Mone-
ses uniflora, Orthilia secunda and Pyrola minor was a negative feature of the
Silesian-Wielkopolska variety. Brzeg and Rutkowski (2004) noted the subatlantic
character of that variety and its strongest (in the country scale) connections with
acidophilous oak forests from the Quercetea robori-petraeae class. These authors
simultaneously stressed the weak state of the preservation of the association in
these regions, which was caused by forest management that promoted pine at
the cost of fir and spruce. Patches of that type of association took the really
edge position within the entire range of the Abietetum albae in Poland and
their preliminary inclusion into borderland shapes by Matuszkiewicz J. (1977)
was an appropriate procedure at that time and was reasonable at that level of
the advancement of the studies.

Table 5 illustrates the significant separateness and peculiarity of the up-
land mixed fir coniferous forest in the area of the central part of the Cracow-
-Czestochowa Upland. The newly distinguished Jurassic variety (col. 7—11), as it
was mentioned, has a set of common floristic features shared with the Silesian-
-Wielkopolska variety (among others a share of Plagiothecium curvifolium, Pohlia
nutans, and Sciuro-hypnum oedipodium, as well as a grass Deschampsia flexuosa).
The specific character of the variety was underlined by species that reached
the optimum of their occurrence within the range of upland fir forests such as
Acer platanoides in the lower layers of the forest; Brachytheciastrum velutinum
and Cerasus avium, mainly in the herb layer and in up-growths and Galeopsis
pubescens and Ribes uva-crispa. Corylus avellana is a species that is common to
the Jurassic and Subcarpathian varieties; it is distinctly rarer in the varieties from
the Holy Cross Mts. region, Roztocze and Mazovia, and is practically absent from
the Silesian-Wielkopolska variety. Senecio ovatus, which was in optimum of its
occurrence in the Jurassic and Subcarpathian varieties, had only the status of
sporadic species in the Holy Cross variety and was absent from the Roztocze as
well as Mazovian varieties. Viola riviniana, which joined the Jurassic and Mazo-
vian varieties, revealed an interesting spectrum of occurrence. A negative feature
of the Jurassic variety (and also the Subcarpathian variety) is the total lack of
Dicranum polysetum, which occurred quite often in the Silesian-Wielkopolska,
Roztocze, and Mazovian varieties. This moss can also be an indicator of the
degree of transformation in patches of fir forests that have been deformed by
pine planting.

The Subcarpathian variety was specific in character (Table 5, col. 12—19). It
probably also included a separate submontane altitudinal form of the Abietetum
albae association. The species that distinguished it most reached lower degrees
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TABLE 5. Regional and ecological differentiation of Abietetum

albae Dziubaltowski 1928 in Poland

Successive no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Number of relevés 100 7 11 45 8 10 24 5 5 5 27 16 25 7 11 5 7 6 13 56 18 17 41 92 7 15 19 11 46 98 14 10 16 23
Subassociation typ typ typ typ cir cir typ typ cir cir cir typ typ typ typ typ cir cir cir typ typ cir cir typ typ typ cir cir cir typ typ typ cir typ
1. Ch., *D. Abietetum albae
Abies alba a vvVVyVIiIVV VVVvyVyyVvy VvVyvVyyvVyyvyyvyvyyv vVvvVvVyvVvy VVvVyvVyvVvyVvVvy VyvVvyvVvyv Vv
Abies alba b/c VvV vVVIVV VIVVVV VVVVVVVYV VVVYV VVVVVV VVVV V
*Sambucus racemosa blc I I m v I 1V v + 1II T II II III Iv. 111 v v III r II vV I I I + I II
Dryopteris dilatata (reg.) VVV IV VIITIIV VIIVIIIVIIIII IV + IV r 1 I 1
*Rubus hirtus VIIIVIIV IV I m I VVIVVV VYV IVVVV IIVI oI
*Atrichum undulatum I oI I + Orimr v 1 1v 11 v II II II Im I I IuriIiv iIv 1 I I Ormr I I I Iv
*Rubus pedemontanus V I I momun 1 v IvVIOInvVvV I v vV I I IV 11
Thuidium tamariscinum II mr I m 1w m I I 1 I I IV II II IIT OI 1II + I + IV 1 III II IV
*Cruciata glabra I I I v + I + |II I I I Iv] 1
II. D. reg. A.a. circaeetosum alpinae -
Carex pallescens I o+ r I I + I 1I I | r V| r r III II I (IV
Juncus effusus I I + I I| + 11 + |1 IV I I v
Viola reichenbachiana I I II IV III 1|V IO II I v I + |1 IV| III T II{IV II V| II Ijv
Gymnocarpium dryopteris r 1I I 1II IV I 1| 1o I v + I r III IV| + Iv| 1
Galeobdolon luteum (D. Suball.) + 1 r| I +| r o I r I T |V IV II| IO OI{IV II| I Ir oI I vy 1 + | +
Deschampsia caespitosa I I Iy 1 1|l 1I r Im 1 1| 1 IO +| + I m| 1I + II|IV
Festuca gigantea 1 r|II I | + TI]|II I I v I r I I + + [III
Phegopteris connectilis I + 111 I I I I I + | O + r m| + 1T |
Circaea alpina + |1 1II 1I I II Or| I I v vir I
Epilobium montanum I +| r I I| + v JI I oI+ II| I +
Eurhynchium angustirete (D. Suball.) + I v II| I I A I II|II III| II + |1 IV IV| 1 + 1
Geranium robertianum r vV 1 I I Il + I II| + 1 I Ivy| r I
Plagiomnium undulatum o + + II| I IO| r I+ + I + +
Galium odoratum 1 v I 1I ro+ I|r or I I | r
Urtica dioica + I + + I|I Iv II r ro+ r I + |1 IV II| + I
Paris quadrifolia Im| + I ro+ ror o If|r
Circaea lutetiana I 1II 1T r II OI I
III. D. regional varieties
Quercus petraea a vV I m 1w miHujpIr 1 I I r I I I r r + r (O II V I
Quercus petraea b/c V II II IOI II II 1 I I r + II 1T I + 11 r II + |III II IV IV
Hypnum cupressiforme Im I v + I I I I | I + III I II I + I + I II
Agrostis capillaris I IV + I IO _II II II 1| I 11 I IIOf r I + I III I V
Chamaenerion angustifolium Or Im I r I I| + I I T r I 1 I + + ur r I
Rubus plicatus + III I Imj I
Rubus sprengelii 1I I o I
Hypnum jutlandicum I 11 I
Rubus schleicheri I I
Rubus gracilis I I
Pohlia nutans Im v 1v I m v I I I I I 1I 1I I I m I
Plagiothecium curvifolium I IV m v Vv IV I v III I
Deschampsia flexuosa Oor mr v r I Iv Iv I I I I I
Lophocolea heterophylla I II II oI I I 11 1I + 111 II
Sciuro-hypnum oedipodium \% omiIwv v I I Il
Calamagrostis villosa I 1 + I r I 1 r
Pseudoscleropodium purum v I II I II I +
Corylus avellana b/c r I (v I 01 vyv IvIImII oo 1 11 nonmor . no+ 1 I I
Senecio ovatus + I II |II A% II 1 I I 1I I I s
Poa nemoralis + I 1I 1I + 1I I I I + + + +
Cerasus avium b/c + + | II | I I I + r I + r I +
Viola riviniana + r 1|1 oI o+ r
Brachytheciastrum velutinum oI 1 I I I I
Acer platanoides b/c I I 1III r I I r
Ribes uva-crispa c I 11 +
Anemone nemorosa I I + I+ + + I 1v I 1T 1 I I IV 11 Iv I 1II I Ir I
Ajuga reptans r I II o1 I I I 1V I + I 1 I I II I I + + +
Fragaria vesca I I + 1II + IV I \Y% 1 + IV I 1 I1m miIiv v Iv 1 T I _1
Hieracium lachenalii I r I I r I I I I I + I o I + I
Potentilla erecta I I I I I Im I oI 1 + I I I + 1II
Polytrichum juniperinum I 11 I I I I I I
Luzula luzuloides r |I r I IV I I r
Carex brizoides 111 I I
Carex pilosa I r I III I
Senecio hercynicus I I I I II
Polypodium vulgare r|III 1A% + I + ror
Prenanthes purpurea I I I
Gentiana asclepiadea I I I
Polytrichum commune + I I I I I I v I + r I + I
Rhizomnium punctatum I + I II
Polygonatum verticillatum + + I T I I r
Plagiochila asplenioides 111 I + III II 1I + IV +
Euphorbia amygdaloides I II
Daphne mezereum r + II 1I
Veronica chamaedrys r I I I I + + |1 JI V| II I
Hepatica nobilis r + r + r |II I + II II| I + +
Lycopodium annotinum + r + o+ I + 1 I 1I I + Imj|iv v Irir 1m v I 1II I 1
Calamagrostis arundinacea IrmiI1I o1 I I 1II r I I + + (I O I r I T IV II III II
Festuca ovina + I + I I r I r + o+ rua + 1 I r I I T I 1
Melica nutans I I+ + I I r III I r I + I + [II T Il II I III oI 1v. I
Convallaria majalis + r + r I 1 r r r + + I + I
Agrostis canina + I I + III
IV. D. Vaccinio-Abietenion |
Fagus sylvatica a I I I r IVII IV I m I I VV I I o omomiI 1 IV I o+ O I+ 1
Fagus sylvatica b/c I I I 1 I1mviIia v I II v iviaorim v iIivIi v i mmniumimo Iivyv 11 v v I+ II'I
Mycelis muralis I oI 1vIiIivia I 1 1v v Iv 1V Im I V + II'Inna v OririmniaIivyv o1 + VoI
Carex digitata II II II OI I r I v I I + I v vIOI v Vv 1II IV I Vv 1II
Athyrium filix-femina I I + |1 IV| V 1 I mviIivyv Ivv v vV II II I II'|IITIV| I I II I
Dryopteris filix-mas + I + I IT| I Irivvivial + I o v 11 1 I mimv vy 1 I T]|[IV
Veronica officinalis + I T + 1 \% I I + V II I IV| I I I 1II
Hieracium murorum 1I + 1 I+ m Imom 1 v Ir 1 II Iv NI III II II III III III III T I
Solidago virgaurea s.s. r + 1 I I ro+ + 1 + + + + 1 +
Galium rotundifolium I II I I I A + or r
IV. Ch., *D. Piceion excelsae | .
Picea abies a Iv.vvv.vv Vv Vv VI \Y% : I m I I I I + II 1 : Iv. v IVIVIVII I IIII I II
Picea abies b/c VVVVVV VIIVIVIIIII ] I I I 1 I I0;VVIVIVIVV II VVV IV
*Rubus idaeus miIiiIiviivyv viayv v yvVv I o nritI1imnmnimtiITV VvV vVviIiv oIV I1 + VvV VvV IIIOIVIV
Blechnum spicant r I I + 1II I I +
Sphagnum girgensohnii | - + . I r I r I +
Moneses uniflora : Lot roo+ I ror r
Huperzia selago L I I v + I + 1 I +
V. Ch. Vaccinio-Piceetea
Pinus sylvestris a Iv.v v r VIV III V II II I II T III II I + I I I I I v I + I I IV IVIV II
Pinus sylvestris b/c vV IV I Iv II I I 1II I + 1 I I I or 1mr 1 I II
Betula pubescens a + T I + + r + il
Betula pubescens b/c I I I r I I r r o r I + 1 r II II I
Juniperus communis b/c I r I + I I r r o+ I I I I II +
Vaccinium myrtillus vvvyvVvVvvVvVvyvVy VvvVvvVvIivVv vvimnmviinriogvVvIiIv Vv yvVviv vVvVvyvVvyvVvyvVvvVviv vVvVvyvVvyvVvyv Vv
Pleurozium schreberi I IV IVIIV IVI I I vV I I IV vV I IIV VVVVII VIVII IV
Trientalis europaea +mvavyv vvviom: 1 o+ ] IVIVIVV VIVII VIVIVV V
Hylocomium splendens I Iv. r T IV 1T II I I I v 1I + I 1Iv.1 v Vv I III IOI I + v
Melampyrum pratense fo. I I I I I + r II O III I + I IV I I
Dicranum scoparium fo. I orim 1 I + + v v v I 1 I m I I I 1 1I I +
Leucobryum glaucum nnoTmr i1 o r I 3 r 1 mimwv.o ] L. I + + I 1 I + r I + +
Dicranum polysetum I Im I I o r r o m v + I + I IO+ + +
Ptilium crista-castrensis I I + I I I I + II T II 1T I r 1 +
Vaccinium vitis-idaea + 1 I T IO I 1T 1 ro o+ + 1 II 1 r II II + +
Lycopodium clavatum I | S 1I + r I T + r ro 1 +
Orthilia secunda : por r 1II 11 r I I I I
Pyrola minor [ | Im I 1I r I + + o+
VI. Ch. Querco-Fagetea
Carpinus betulus a I r + r I 1 I I ro+ o+ r I I r II IV I 1II +
Carpinus betulus b/c 1T 11 I 1 1m 1 I IIHnimo I I I I + + + r 1II II I I 1 II I nariIiv II
Acer pseudoplatanus a + + I r I + r
Acer pseudoplatanus b/c + r I + 1 I v r 1 I I oI r I I + I r II + r 11
Milium effusum IIr 1 I I I I vV o+ I 1 III I + + + r I I II V. I + + 1I
Equisetum sylvaticum r I r I 1 r I I II nm + I I r + II I + +
Carex remota + r I r + II + r + 1II
Impatiens noli-tangere + 1 vV o+ 1I I 1 I r + I + + I
VII. Others
Quercus robur a + I + I II II IVIV II II II I I II II v I I I I 1II Imm I1m m I II
Quercus robur blc vV II IiI1v IvIv I IIIv IIm I I I v 1T II 1 r V. II II IV Iv 11 11 1v 1v
Betula pendula a I o I + Im 1m I I III + II 1I I I I I m 1 1 1 + r II II II I
Betula pendula b/c minr v I I 1v I 1II Im 1v 1o 1 1II m 1 oI r I I v 1I +
Populus tremula a I I I I I I I1riI r r + I I r IO I + +
Populus tremula b/c + r 1 m 1 1 I I II I JI Im 1 1II I r I I I II Im + I I
Larix decidua a Iv III I I Im + I I r I I I 1 + o+ I
Larix decidua b/c I I 1 I I + I I I I
Sorbus aucuparia a2 Im I + 1 II IOI III m v I m 1 1 I + VvV I v 1V m v 1o + I IV
Sorbus aucuparia b/c vvVvvVvVvVyVvyvVv vVvvVvyVvyvVvyvVv vVvivvIivimomiayvVv vVvIiVvvVv vV IvvIiIivyvyv IVvVv Vv Vv Vv
Frangula alnus b/c miIv v I vIv Iv VIV I III 1II IV 1II I I Iv. 11 II I 1 IIIriviv Il Vv I IIIr v v v I
Sambucus nigra b/c I 1 I v I + I I JI I + I
Oxalis acetosella vvVVIivvVvyvy VIVV VYV IVIVIVIV YV VIV VVVYV VVVVVyV VyVvVvyVv Vv
Maianthemum bifolium vviaiviviv vIivv v v vvirvianyvyvVvyvVv VVvVIiVvvVy VVVyVyVvVy VvVvVyvVv v Vv
Luzula pilosa Vv VviIivIivvVvyvVv vV VIVV YV vivimiomimyVvVIv IVV Vv v Vv Vv Vv VvV VIV vV VvV vV VvV I
Dryopteris carthusiana vivviraoyv vvIivIiyvVv vVvivIiiimnmiaIivIivi IVIVIVV v vl v Vv OoIvIivyv Vv
Polytrichastrum formosum VvV VIVVIV V VIV vV VIV Vv via vivivi v viaomamivyv IVvv Vv VvV
Plagiomnium affine IV I1IIVV IVIVIVIV I I IV L IVIIIO I VIIVIV rIVIYV
Pteridium aquilinum IV I VI I VIVV I I 1 Wil 1 +:iIT I I 1 I IVVIVV I
Moehringia trinervia IVIOIVIV YV [ O[vivoli+ I 1 1 I I I IHiIT DO T I 1 I VIO oI v I
Carex pilulifera v Vv Vv II1Iv Vv HOIII I v I 1 II I I + I I + I + r II IV II III
Dicranella heteromalla IV II 1II I v VvV II 1 vV Inumv I o I + + r + I + 1
Calamagrostis epigejos Vv v v IIIvyv mI I III II vV r r I + 1II
Plagiothecium laetum + I 1T I om 1 1 o I 1 1II r I m I 1
Rumex acetosella + I II I r + 1 I r + I +
Plagiothecium denticulatum I I + + 1II I I + o 1II I 1T 1 0 I
Anthoxanthum odoratum I T + II T I I I I r I I
Carex leporina I I I I I I + + 111
Galeopsis tetrahit + r + I v 1 + + II I
Luzula multiflora + + o+ I r r I I r I + I
Lysimachia vulgaris + I + I II + I 1 I + o+ r oI r I 1 I +
Brachythecium rutabulum + + I I+ I I I I + I II I + II

Explanations: cir — Abietetum albae circaeetosum alpinae; typ — A.a.

typicum; table shortened; col. — column




Specification of data compiled and compared in Table 5

The Silesian-Wielkopolska variety:
1. Macicka-Pawlik, Wilczynska (1995): Table 1.
2. Macicka, Wilczynska (1990): Table 15, rel. 1—3, 5, 8, 9; Table 17, rel. 28.
3. Brzeg, Rutkowski (2004): Table 1, rel. 1—11.
4. Matuszkiewicz J. (1977): Table 3, col. 12.
5. Macicka, Wilczynska (1990): Table 15, rel. 4, 6, 7, 10, 11; Table 16, rel. 5, 9; Table 17, rel. 29.
6. Brzeg, Rutkowski (2004): Table 1, rel. 12—21.

The Jurassic variety:
7. Bar¢ et al. (orig.): Table 3, rel. 1—24.
8. Herezniak (1993): Table IX, rel. 6—9; Table XV, rel. 1.
9. Herezniak (1993): Table IX, rel. 1—S5.

10. Kope¢ (2006): Table 2, col. 3.

11. Bar¢ et al. (orig.): Table 4, rel. 1—27.

The Subcarpathian variety:

12. Matuszkiewicz J. (1977): Table 3, col. 6.

13. Stachurska (1998): Table 9, rel. 1—25.

14. Bar¢ (2002): Table VIII + IX.

15. Dzwonko (1986): Table 15, col. 3.

16. Towpasz, Stachurska-Swakon (2010): Table 11, rel. 5, 8,9, 11, 12.
17. Towpasz, Stachurska-Swakon (2010): Table 11, rel. 1—4, 6, 7, 10.
18. Dzwonko (1986): Table 15, col. 2.

19. Stachurska (1998): Table 9, rel. 40—52.

The Holy Cross Mts. variety:

20. Matuszkiewicz J. (1977): Table 3, col. 8.

21. Glazek, Wolak (1991): Table 30, rel. 1, 2, 5, 7, 16—19, 21, 22, 24—28,; 30, 32, 34.
22. Gtazek, Wolak (1991): Table 30, rel. 3, 4, 6, 8—15, 20, 23, 29; 31, 33.

23. Matuszkiewicz J. (1977): Table 3, col. 10.

The Roztocze variety:

24. Matuszkiewicz J. (1977): Table 3, col. 7.

25. Izdebski et al. (1992): Table 14, rel. 115, 117—122.

28. Izdebski et al. (1992): Table 14, rel. 106—114, 116, 123.
29. Matuszkiewicz J. (1977): Table 3, col. 9.

The Mazovian variety:

30. Matuszkiewicz J. (1977): Table 3, col. 11.

31. Jost-Jakubowska (1979): Table 1, rel. 3, 5—17.
32. Krzeminska-Freda (1979): Table 1, rel. 17—26.
33. Krzeminska-Freda (1979): Table 1, rel. 1—16.
34. Marciniuk, Wierzba (2004): Table 1, col. 8 +9.
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of constancy. However, these forming a quite numerous group were practically
absent in other areas. Some of them have a montane type of range and are
transitive species, among others, the lower montane mixed fir-spruce forest
Abieti-Piceetum (montanum). This group consisted of Carex brizoides, C. pi-
losa, Gentiana asclepiadea, Luzula luzuloides, Polypodium vulgare, Prenanthes
purpurea, and Senecio hercynicus. A negative feature of this variety, which is
common with the Holy Cross variety, is the total deficit of Trientalis europaea
and a distinctly lower share of Moehringia trinervia. It should be pointed out
that the participation of lowland species, including, for example, Calamagrostis
epigejos, Carex pilulifera or Plagiomnium affine, is low there.

The range of the variety being discussed is the widest in comparison with
the other units of that rank. This is probably because it is heterogeneous, and
further studies would permit some new divisions. It occurs in all of the foothills
of all of the Carpathian ranges as far as to the Bieszczady Mts. and includes the
majority of forests in fir-type phytocoenoses, which have been described under
different names that have appeared in this book before.

The Holy Cross variety (Table 5, col. 20—23) had relatively weak positive
characteristics. This variety is distinguished by three species (Polygonatum ver-
ticillatum, Polytrichum commune, and Rhizomnium punctatum), and it is united
with the Roztocze variety by Plagiochila asplenioides. These species achieve most-
ly lower constancy degrees. It must be stressed that currently in the Holy Cross
tir forests, the decrease in specific species of the geographic race of the Abie-
tetum albae association being discussed is noticeable. This particularly relates to
the Polytrichum commune. More and more often taxa which were absent in the
past, or only sporadically present, which are transitive from other varieties, are
now occurring (MATUSZKIEWICZ ]. M. 2007; MATUSZKIEWICZ ]. M., KOwALSKA
2007), such as, for example, Calamagrostis villosa and Senecio ovatus. Agrostis
capillaris, which has made quite regular appearances was a joint feature among
the Silesian-Wielkopolska, Jurassic, and Mazovian varieties. Except for it, Quer-
cus petraea (among others) per analogiam with the Jurassic area is rarely present.
The sporadic share of Pteridium aquilinum, which was in general, frequent in
the Abietetum albae in other areas, has been one of a few negative features that
caught our attention. Likewise, in the Subcarpathian variety the spruce, Picea
abies, was not so frequent a component of the forest stand.

It must be stressed that the area of the Holy Cross Mts. is the locus classi-
cus of the Abietetum albae association (DZIUBAETOWSKI 1928; DZIUBAETOWSKI,
KoBENDzA 1933, 1934), and in the historical sense, the variety being discussed
should be regarded as the most “typical shape” of that association. This is also
reflected in its floristic features.

The Roztocze variety of the association being discussed (Table 5, col.
24—29) revealed the almost exclusive presence of Daphne mezereum, Euphorbia
amygdaloides, and Hepatica nobilis. In addition to these, Carex digitata (only

45



sporadically in the Jurassic area), Cruciata glabra, Fragaria vesca, and in par-
ticular Lycopodium annotinum, reached a distinct optimum of their occurrence
within the upland mixed fir coniferous forests. Spruce was a relatively constant
component of the stand; moreover, it regenerated well in the lower forest lay-
ers. The somewhat more thermophile and also subcontinental character of that
variety was strengthened by the frequent presence in the group of species that
were combined with the Mazovian variety, which were usually only sporadic in
the Abietetum albae phytocoenoses in the other areas of the country. This group
consisted of Calamagrostis arundinacea, Festuca ovina, and Melica nutans, and
was supported by a bit more widely spread taxa within the fir forests, that is
Ajuga reptans, Anemone nemorosa, and Hieracium lachenalii among others. In
the Roztocze region and in the adjacent areas of the Lublin region, there is prac-
tically a dearth of, among others, Deschampsia flexuosa, Dicranella heteromalla,
Plagiothecium curvifolium, or Sambucus nigra, and in addition, numerous species
that differ from the other varieties of the association as well.

In the southern area of the broadly understood Mazovia (from the Powyze
Loédzkie Upland on the west to the Siedlecka Upland on the east), and therefore
in the north-eastern part of the lowland-upland area of the association’s range,
the Abietetum albae was observed in the Mazovian variety (Southern-Mazovian,
see MaTUszkIEwICZ W. et al. 2012). Within the association’s range it occurs al-
most exclusively in the presence of Agrostis canina and Convallaria majalis, and
frequently occurs with the above-mentioned group of species in combinations
with the Roztocze variety (col. 30—34). In spite of the fact that along with the
Jurassic variety, it is frequently found in the presence of Viola riviniana, it is
worth paying attention to quite a significant role of the elements combined with
the Silesian-Wielkopolska race, that is, Agrostis capillaris, Hypnum cupressiforme,
and Quercus petraea. This allows to notice some references to the shape of the fir
forest to acidophilous grassy oak forest the Calamagrostio arundinaceae-Querce-
tum petraeae, and in particular to the lowland subcontinental mixed coniferous
oak-pine forest, Querco roboris-Pinetum (see ZAREBA 1971; MATUSZKIEWICZ J.
1977, 2005; OrRZECHOWSKI 2007; MATUSZKIEWICZ W. et al. 2012). The share of
beech, Fagus sylvatica, has diminished as a component of the forest stand within
the Mazovian variety. Moreover, for instance Calamagrostis epigejos, Cruciata
glabra, Dicranella heteromalla, and Rubus hirtus, were observed in fir forests of
that area only exceptionally as sporadic species.

Marciniuk and Wierzba (2004) documented the considerably weakened
“edge shape” of the variety described (Table 5, col. 34) from the Jata and Topor
Forestries in the Siedlce area.

In any description of the regional differentiation of the Abietetum albae as-
sociation in Poland, it is worth noting that its floristic characteristics of a more
fertile (and wetter) section, that is, documented within all of the varieties, the
A.a. circaeetosum alpinae subassociation (Table 5, col. 5 and 6, 9—11, 17—19, 22,

46



and 23, 27—29, 33) was somewhat different in its varieties. With the exception of
the species that differ from that subassociation in the supraregional scale, which
are Circaea alpina (hitherto not confirmed or only sporadic in the Subcarpathian
and Mazovian varieties), Deschampsia caespitosa, Epilobium montanum, Festuca
gigantea, Galeobdolon luteum (the last species had a weaker diagnostic value in
the Holy Cross and Roztocze varieties, where it occurred quite frequently in
a typical subassociation), Gymnocarpium dryopteris, Phegopteris connectilis, and
Viola reichenbachiana; in particular geographic races, a diagnostic role was also
played by other taxa.

In the Silesian-Wielkopolska variety (to a lesser degree also in the Roztocze
and Mazovian varieties) such a diagnostic value was also reached by Athyrium
filix-femina and Dryopteris filix-mas, which are ferns that in general distinguish
the Vaccinio-Abietenion suballiance in the entire spectrum of the association vari-
ability, and also apart from them, Galeopsis tetrahit among others (see BRZEG,
RuTkowsk1 2004).

The list of the diagnostic species of the subassociation being in the area of
our interest in the Jurassic, Subcarpathian, Holy Cross, and Roztocze varieties
is completed well by Eurhynchium angustirete, Galium odoratum, Geranium
robertianum (see MATUSZKIEWICZ J. 1977, 2005), and Plagiomnium undulatum.
Circaea lutetiana, Paris quadrifolia, and Urtica dioica (this species is in general
also absent in the Subcarpathian variety) represent a similar diagnostic value
(however, omitting A.a. circaeetosum in the Holy Cross variety).

The other two species, Carex pallescens and Juncus effusus, additionally dif-
fered from the subassociation quite well in the Subcarpathian, Holy Cross, and
Mazovian varieties, but these are practically absent in the phytocoenoses that
represent the Roztocze variety.






4. The structure and dynamics of fir renewal in
the phytocoenoses of the Abietetum albae
association on the chosen study plots

4.1. The differentiation of the vertical structure of
the upland mixed fir coniferous forest Abietetum albae

The following three main layers of the forest: tree stand (a), shrubs (b) and herb
layer (c) were distinguished in the vertical structure of the upland mixed fir
coniferous forest Abietetum albae based on the studies conducted in the central
part of the Cracow-Cz¢stochowa Upland on three localities — nearby villages:
Strzegowa Poduchowne (Goncerzyca), Hucisko Ryczowskie, and Trzycigz. The
number of specimens of fir Abies alba Mill., which played different roles, that is,
the forest stand-forming role, the up-growth and the new-growth, were analysed
in each of them (Fig. 6). General relationships of Abies alba new-growths and
the moss layer (d) were also investigated.

From 5—11 mature specimens of the silver fir (on the area of 200 m?) were
observed in the tree stand on each of the particular permanent study plots, while
from 0—8 (on the area of 200 m?) were observed in the shrub layer. From 18
to 371 specimens of fir per study unit (on the area of 4 m?) occurred in the
herb layer (new-growths including seedlings) (Table 6). It means that after the
conversion into the traditional units of acreage used in forestry fir occurred in
the forest stand with mean density of 375 specimens/ha, in the up-growths —
192 specimens/ha, and in the new-growths (with seedlings) — on average 34
specimens/m? in the forest stand of the Abietetum albae.

Each pair of the permanent study plots (Goncerzyca I and II, Hucisko Ry-
czowskie III and IV, Trzyciaz V and VI) represented a different type of the
vertical structure of the upland mixed fir coniferous forest (see Fig. 7):

Type 1 — Goncerzyca was characterised by a full vertical structure, which
is represented by the tree stand composed of Abies alba, its up-growths and
new-growths. The relatively high quantitative share of new-growths (c/a: 30 or
41, Table 6) fell to one mature specimen of fir in comparison with the other
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TABLE 6. Differentiation of the number of silver fir Abies alba specimens in particular layers of
the forest on the permanent study plots

No. of study
e plot| I o |m || v | v ITjt\jll ?i“\ff‘f Al‘fr{a,flge gti
N in a/200 m? 6 9 8 11 6 5 45* 5—11 7.5 2.3
N in b/200 m? 2 7 8 6 0 0 23* 0—8 3.83 1.8
N in ¢/4m? 180 371 18 27 86 147 | 829** |18—371| 138.2 130.8
c/a 30 41 2.25 2.4 143 | 294 — — — —
c/b 90 53 2.25 4.5 0 0 — — — —

Explanations: * — on the total area of 1200 m% ** — on the total area of 24 m* N — number of
specimens; Std. Dev. — Standard Deviation

two localities. The quantitative share of up-growths was different and the coet-
ficients of the number of new-growths that fell to the number of up-growths
(c/b) were high.

Type 2 — Hucisko Ryczowskie also was characterised by a full vertical
structure but the share of new-growths was very low there (c/a — more than
ten times lower than in Goncerzyca’s new-growths), whereas the quantitative
share of fir up-growths was equal to or less than the number of mature trees.

Type 3 — Trzyciaz had a poorer vertical structure, in which only the for-
est stand dominated by the fir, as well as the new-growths of this species were
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present. Up-growths were absent in that type of phytocoenosis. The relative
share of new-growths (c/a) from the locality in Trzycigz VI was similar to that
from Goncerzyca I.

4.2. Species diversity in particular layers of the forest

The tree layer on the delimited permanent plots of the Abietetum albae asso-
ciation was dominated by fir. With the exception of the fir, only rowan plays
a larger role as an admixture in the a, layer (lower sublayer) of the forest stand
in the sense that it occurred on half of the six of permanent study plots that were
analysed. Beech, pine, birch, and sycamore were not numerously represented. An
interesting species was a single, magnificent specimen of hawthorn Crataegus,
which grew up to the lower sublayer of the tree stand in plot IV near Hucisko
Ryczowskie village.

The forest stand in the study area of the permanent plots was composed of
45 specimens of matured firs in total, which were accompanied by 19 specimens
of the above-mentioned admixture of deciduous and coniferous species. Rowan
was represented most numerously among admixtures on all six study plots,
(12 specimens/12 ares), that is, 100 specimens/ha. Only three specimens of beech
were observed (i.e., 25 specimens/ha) and single specimens of pine, birch and
sycamore, as well as the above-mentioned shrub — hawthorn Crataegus. These
occurred in the forest stand dominated by fir (Table 7).

TABLE 7. Species and quantitative differentiation of the forest stands of the Abietetum albae as-
sociation that were studied (N/study plot)

No. of study plot I 1I 111 v \% VI
Fir 6 9 8 1 6 5
Other species 1 Be 1 Pi 1 B, 2 Be, 3 Ro 7 Ro

1 Sy, 1 Hw
2 Ro
Total species 2 2 4 3 2 2

Explanations: Be — beech, Bi — birch, Hw — hawthorn, Pi — pine, Ro — rowan, Sy — sycamore;
N — number of specimens

Both (III and IV) permanent study plots from Hucisko were most differ-
entiated in relation to the species diversity. The other four were dominated by
fir specimens — in most cases there were a higher number of the specimens.
However, in the case of the Trzyciaz VI study plot, it was not the number of
specimens but their impressive dimensions in diameter at breast height that was
interesting.
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The shrub layer on particular permanent study plots of an area 200 m* each
was built of one to six species. In total, it comprised 125 specimens of various
species of trees and shrubs. Permanent plot Goncerzyca I was the least differ-
entiated in species, where the up-growth was exclusively composed of fir, whilst
plot II on Goncerzyca and plot V nearby Trzycigz village (6 species) were most
differentiated. In Trzycigz V fir did not occur in that layer and the diversity was
the result of the presence of other species (among others: shrubs and trees that
produce light seeds like hazel or birch). Fir up-growths also did not occur on
plot VI in Trzycigz (Table 8).

TABLE 8. Species and numerical differentiation (N/study plot) of the up-growth in the shrub layer
on particular study plots (I—VI)

No. of study plot I I I v \4 VI Sum*
Fir Fr 2 7 8 6 0 0 23
Other species Ro 0 16 2 1 12 15 46
Bi 0 1 0 0 17 0 18
Ha 0 0 0 0 1 1 12
Be 0 1 6 2 2 0 11
Sy 0 1 10 0 0 0 11
As 0 0 0 0 2 0 2
Ho 0 1 0 0 0 0 1
Ab 0 0 0 0 1 0 1
Sum of specimens 2 27 26 9 45 16 125
Sum of species 1 6 4 3 6 2 —

Explanations: Ab — alder buckthorn, As — aspen, Be — beech, Bi — birch, Ha — hazel, Ho — horn-
beam, Ro — rowan, Sy — sycamore; N — number of specimens; * — on total area 1200 m?

Regarding the number of specimens, all species of the shrub layer b (except
for the fir) were distinguished on plot no. V in Trzycigz (45). There were ap-
proximately 50% fewer specimens of the up-growth, including fir, on no. II on
Goncerzyca Rock, and no. III in Hucisko Ryczowskie. Only nine specimens were
observed on plot no. IV in Hucisko. The lack of other components of the shrub
layer, with the exception of the fir, was observed on plot no. I on Goncerzyca
Rock. Rowan prevailed (46 specimens of this species) over the fir (23 speci-
mens) and birch (18 specimens), hazel (12 specimens), beech and sycamore (11
specimens in each case) in all of the study areas on permanent plots (12 ares in
total). Aspen (two specimens), as well as hornbeam and alder buckthorn (one
specimen in each case) appeared sporadically. Having investigated the units
used in the forestry, the numbers were as follows: 383 specimens of rowan/ha,
192 firs/ha, 150 birches/ha, 100 hazels/ha, 92 of both beeches and sycamores/ha,
17 aspens/ha and eight of both hornbeams and alder buckthorns/ha. It must be
stressed that these are the values of the densities for the up-growth calculated
from an area equal to the area of the data collecting that was used for the stand.
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The differentiation of the shrub layer seems to be significantly poorer if
only the results from the so-called inner subarea of the studies — “i” are
taken into consideration (see Chapter 2), which did not cover 12 ares but

2.4 ares (Table 9).

TABLE 9. Species and numerical differentiation (N/study plot) of the shrub layer in the inner
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subarea “i”* of the permanent study plots
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Explanations: Ab — alder buckthorn, As — aspen, Be — beech, Bi — birch, Ha — hazel, Ho — horn-
beam, Ro — rowan, Sy — sycamore; N — number of specimens; * — on total area of 240 m?

The reduction of the area of data collecting on permanent study plots I—VI
from a total of 12 ares to 2.4 ares caused a reduction in the number of speci-
mens in the up-growths from 125 to 28. With the exception of hornbeam and
alder buckthorn, the drop in the number of specimens applied to all of the
other species that formed the up-growths. The total number of species from
the shrub layer did not change only on plots no. I and VI (see Tables 8 and 9).
On other permanent plots not only did the total number, but also the diversity
of species dropped, respectively. Therefore, the comparisons in the further part
of this chapter will apply to the up-growths that occurred in the entire area of
the study plots, that is, on the total area of 12 ares. Such a comparison better
corresponds with the results of phytosociological studies that were done for the
purposes of the present elaboration.

The herb layer that was studied on 4 m? within each plot consisted of
a maximum 19 species of vascular plants (study plot no. V in Trzyciaz). In the
majority of cases, the herb layer consisted of more than 15 species. It gathered
only 11 components on study plot no. IV (Hucisko Ryczowskie). An identical
combination of species was always present in the herb layer on all six of the
plots in the study units: Abies alba, Athyrium filix-femina, Oxalis acetosella, and
Rubus hirtus et pedemontanus. These species occurred in various quantitative
proportions (Table 10).
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TaBLE 10. Cover and frequency of the constant components of the herb layer in the study units*
on particular plots (I—VI)

No. of study plot ! | 1 | 1 | v v | VI Frequency
Species Range of the cover [%] [%]
Abies alba 10—50| 1—-80 | 1—2 1—2 1—-7 | 5—10 100
Athyrium filix-femina 10 1—5 | 5—7 7 5—20 | 5—7 46
Oxalis acetosella 1—20 | 1—7 | 2—50 | 2—30 | 1—5 | 1—5 92
Rubus hirtus et pedemontanus | 10 2—7 | 1-20 | 5—15 | 3—10 | 5—30 62

Explanations: * — study units include four squares 1 m x 1 m, which cover four m* in total on each
of the permanent study plots

Fir was present in all 24 of squares on six of permanent study plots that were
analysed. However, its share was strongly differentiated (1—80% of cover/m?).
The other species of the herb layer were present in at least 46% of the squares
that were analysed. Oxalis acetosella occurred the most frequently and with the
highest cover in relation to the other species, with the exception of fir.

The structure of the species richness of vascular plants in the forest lay-
ers (Fig. 7) on the permanent study plots (I—VI) was, as was mentioned above,
different. A forest stand was composed of two to four species/200 m?, the shrub
layer was somewhat more diversified (one to six species/200 m?) and the herb
layer was most diversified (11—19 species/4 m?).

The quantitative structure of the species richness of vascular plants in the
forest stand (a) and shrub (b) layers on particular study plots had its own
specific features. This allowed the three types of species richness in the layers
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F1G. 7. Number of vascular plant species in particular layers of the forest (a, b, c)
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to be distinguished. The richness of the herb layer was not a criterion of this
division. In all of the types mentioned below, the herb layer (c) was always the
richest in species when compared with the higher layers of the upland mixed
tir coniferous forest:

Type 1 — a,, < biea < Cmax — in which the stand was the poorest in species,
the shrub layer was richer in species and the herb layer was the richest. It is
represented by the permanent study plots on Goncerzyca (plot no. II) and in
Trzyciaz (plot no. V);

Type 2 — a = b < ¢, — in which the richness of species in the stand and in
the shrub layer were equal and the herb layer was the richest in species. It was
represented by the permanent study plots in Hucisko Ryczowskie (plots no. III
and IV) and in Trzycigz (plot no. VI);

Type 3 — a > b < ¢, — in which the stand was insignificantly richer than
the shrub layer, the shrub layer was the poorest in species and the herb layer
was the richest. It was represented by study plot no. I on Goncerzyca.

These types did not reveal any connection with the geographic location of
the study plots.

4.3. Diameter structure of the forest stand

Fir was most numerously represented in the diameter range at the breast height
of 30—34 cm (but according to the classification of ranges every 10 cm —
30—39 cm) on the permanent plots that were analysed in the central part of the
Cracow-Czestochowa Upland. The thickest fir trees were the least represented.
Among other things, this is the result of forest management, but is also a natural
feature of forests that are more advanced in the age classes in which there is
a time and a place for dying specimens at the most advanced ages and also for
the natural development of a new generation under the canopy of the mature
forest stand (Fig. 8 and 9).

The use of the ten-centimetre ranges of diameter distribution and with the
elimination of the incomplete range (8—9 cm) (see Fig. 8 and 9) allowed for
distinguishing three equal ranges of thickness values in the range of 10—99 cm,
and therefore, three quality categories of the diameter at breast height were ob-
served: low, mean, and high diameter values (Fig. 10).

The fir trees on the permanent study plots in Goncerzyca had the lowest
mean value of diameter, while there was a somewhat higher mean diameter in
Hucisko Ryczowskie and the highest value was observed in Trzyciaz (Table 11).

The forest stand with trees with the smallest diameters from among all
of those studied (mean diameter 22.5 cm) occurred on the permanent plot
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TABLE 11. Mean values of fir tree diameters for the particular permanent study plots in the central
part of the Cracow-Czestochowa Upland

Location Goncerzyca Hucisko Trzyciaz
Permanent study plot I II I v A% VI
Mean diameter for the plot [cm] 30.1 | 225 | 29 273 | 486 | 54
Mean diameter for the locality [cm] 26.3 28.1 51.3
Mean diameter for all I—VI in the C-CzU [cm)] 35.2

Abbreviation: C-CzU — the Cracow-Cz¢stochowa Upland

Goncerzyca II. The lowest differentiation of diameter values occurred in Hucisko
(plot no. IV), because 8 of the 11 individuals in that forest stand represented
neighbouring, low diameter classes (25—29 cm and 30—34 cm). In the case of
study plot no. V from Trzyciaz, its high mean diameter was the result of the
presence of a few specimens with mean diameters that were larger than 40 cm,
as well as specimens with large (larger than 70 cm) diameter classes. The thick-
est fir stand grew on the VI permanent study plot in Trzycigz. The presence
of a single tree with a diameter at the upper edge of the diameter scale in the
highest diameter range (close to the dimensions of a natural monument) was
crucial in relation to the high value of the mean diameter on plot VI (Fig. 11).
The mean value for the forest stands on study plots I—VI amounted to approxi-
mately 35 cm and included a range of values from 22.5 to 54 cm.

Symmetry of fir tree trunks. Measurements of the diameters of fir trees were
done in two main directions — N—S and E—W. These revealed that the fir trees
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Fic. 11. Differentiation of the mean diameter (dbh) of fir trees in the forest stand layer (a) on the
study plots [—VT in the phytocoenoses of the Abietetum albae

in the analysed forest stands had irregular shapes of tree trunks in relation to
these directions in the majority of cases. The relationships between regularly (R)
and irregularly (IR) shaped tree trunks on permanent study plots [—VI were ex-
pressed by a ratio R : IR of 1 : 1.64. It must be stressed that four thicker individu-
als that were more than 50 cm in diameter had an influence on the result. These
were measured at 1.3 m but in the circumference, not in the diameter. Therefore,
in agreement with methodology applied in this elaboration, their trunks were
counted into those that had developed regularly and thus influenced the ratio.
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Admixtures in the forest stand did not have larger diameters and did not
compete with the fir stands in the majority of cases. Rowan, which occurred in
the highest numbers (i.e., 12 individuals/12 ares), was the most important admix-
ture species in the stand. Rowan dominated in the lowest diameter classes: on
plot no. III — the mean value of its diameter was 14.5 cm, on plot V. — 11 cm
and on plot VI — 9 cm (Fig. 12). Sorbus aucuparia is a tree that is not naturally
a competitor to the main forest stand (in the managed forest for the so-called
“final stand”). It fulfils a very important biocoenotic role as a succession or
regeneration starter species.
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F1G. 12. Diameter (dbh) distribution of rowan in the tree layer (a) of the Abietetum albae associa-
tion (including the incomplete range of 8—9 cm) on study plots I—VI

Beech, which occurred as three trees, also did not reach significant dimen-
sions in diameter (on plot no. I — 33.5 cm, on plot no. IV — 18.5 cm and
11 cm (mean 14.5 cm in diameter) in the Abietetum albae association. Similarly,
trees that grew singly: pine (plot II — 31.5 cm), sycamore (plot III — 16 cm) or
birch (plot III — 34 cm) also had small diameters at breast height. The earlier-
-mentioned hawthorn individual, which occurred in the a, sublayer (lower level
of the forest stand), was only insignificantly thicker than eight centimetres. Then,
all admixtures were included in both the incomplete range 8—9 cm or, at least,
in a low class of diameters (10—39 cm) and were not fir competitors.

Fir was the most important species that formed the stand on the permanent
study plots (I—VI) of the Abietetum albae association from the central part of
the Cracow-Czestochowa Upland.
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4.4. Diameter and height structure of the up-growths

Fir up-growths were specimens that reached a diameter of 0.1 to 7.99 cm and
a height of 0.5—7.99 m. These were found on four (I—IV) from the six study
plots. In total 23 young specimens of Abies alba that were included into that
category occurred on 12 ares.

The diameter structure. The highest number of fir up-growths that oc-
curred on plots I—IV had diameters of more than three up to four centimetres
(eight specimens). The highest number of up-growths with dimensions that
were included in that range grew in plot no. III in Hucisko. On the other hand,
up-growths had the largest diameters (6.1—7 cm) on two plots (Goncerzyca II
and Hucisko III); on these plots (II and III) up-growths of Abies alba reached
the widest spectra of diameters (Fig. 13).
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F1aG. 13. Differentiation of the values of fir tree diameters in the up-growths on permanent study
plots I—VI

Fir up-growths reached the highest mean value of the diameter at breast
height on study plot no. I (Goncerzyca), and the lowest value on study plot no.
IIT (Hucisko). The results of subtracting the mean values on Goncerzyca I and
IT is lower than the results of subtracting the mean values in Hucisko III and
IV (Fig. 14).

The height structure. The highest number of Abies alba individuals was
aggregated at a height of more than two up to five metres on the permanent
plots on which fir up-growths grew (I—IV). On all of these plots (I—IV) fir
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F1G. 14. Differentiation of the mean values of the fir tree diameters in the up-growths on per-
manent study plots I—VI

up-growths were represented in a height range of between 2.1—3 m. Up-growths
on study plots no. II (Goncerzyca) and III (Hucisko) reached a wide spectrum
of height. However, the highest up-growths, which reached a maximum height
of six metres were on permanent plots no. III and IV in Hucisko. The share
of Abies alba in higher height classes seems promising. The lower sublevel of
a forest stand (a,) is gradually enforced with young fir trees in this way (Fig. 15).

The mean values of the heights were quite similar to each other not only
within the pairs of plots I—II and III—IV, but also between the locations. More-
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F1aG. 15. Differentiation of the heights of the fir up-growths on study plots (I—VI) in particular
height classes

over, they had a similar range of values (Fig. 16). This might be evidence that
on all plots that were analysed (I—IV) fir up-growths are in a similar age class.
However, such a conclusion in that place would not be feasible. The significant
shadow-tolerance of fir, which allows it to live in a state of a lower growth rate for
many years and even many decades, is one of the specific characteristic features
of this species. Therefore, firs can live under a mature forest stand waiting for
a canopy opening and during that time, using even a single-tree gap, can meet
their chance for vertical growth.

Rowan up-growths form the most numerous group among the up-growths
on permanent study plots I—VI (46 specimens/12 ares). The share of rowan
up-growths in the diameter and height structure of all up-growths was dif-
ferentiated on particular study plots. The highest number of rowan up-growths
had the lowest range of diameters: from 0.1 to 1 cm (I3 specimens, somewhat
more than 28%) simultaneously. Young rowans were aggregated on plot no. II
(Goncerzyca). In addition to them, small specimens that had such small di-
ameters also occurred on plot no. V in Trzycigz. On plot V rowan up-growths
occupied almost all of the spectra of diameters with the exception of the highest
range (7.1—7.99 cm). Rowans on permanent plot no. VI were found in a some-
what narrower range of diameters (with the exception of the first and the last
range). Up-growths of that species occurred only as single individuals and did
not exceed a diameter of four centimetres in Hucisko (III and IV). Rowan up-
growths did not grow on plot no. I (Fig. 17).

Significant differentiation in relation to the mean values of the diameters
that were reached by young specimens of Sorbus aucuparia was noticeable on
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F16. 16. Differentiation of the mean heights of fir up-growths on permanent study plots I—VI

study plots II, V, and VI on which rowan up-growths occurred more abundantly.
Rowans from Goncerzyca II had lowest mean diameter and simultaneously the
lowest differentiation in relation to this feature. Rowans from study plot no. VI
in Trzycigz reached the highest mean diameter. The trunks of rowans from plot
no. V in Trzyciaz had highest differentiation in relation to the diameter at breast
height (Fig. 18).

Study plot Goncerzyca II, where the highest number of the smallest rowans
was found, as well as plots V and VI, where rowan up-growths reached the wid-
est spectrum of heights, or the highest values of height were most distinguished
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F1G. 17. Diameter differentiation of the rowan up-growths on study plots I—VI

study plots taking under consideration the differentiation the heights of rowan
up-growths. None of the study plots had young rowans within the height range
of between 1.6 and 2 m. The general conclusion is that the greatest number of
rowans had the lowest height in the zone of 0.5—1 m (28%). It is worth paying
attention to the zone from 4 to 7 m, which is on study plots I—VI composed
of approximately 46% of rowan up-growths (Fig. 19).

The height differentiation of rowan up-growths on study plots I—VI
(Fig. 20) had a similar arrangement as in the case of the mean diameters (the
lowest mean height of up-growths in Goncerzyca II, the lowest in Trzyciaz VI,
and transitive in Trzycigz V).

Spatial relationships between fir and rowan in the shrub layer. Based on
the data collected, it can be observed that rowan appeared numerously in places
where fir was absent (Fig. 16 and 20) and that these species replace one another
in space. The exception to that rule was plot no. IT on Goncerzyca Rock where
both species coexisted in the shrub layer. Therefore, the assumption must be
made that in conditions of that plot both species replace themselves in altitu-
dinal zones in the forest shrub layer. Rowan is a light-demanding species and
it belongs to a succession and regeneration starting species. It has little chance
of survival under fir up-growths, which are usually significantly taller than
rowan. The only chance for any further development of rowans are plots where
fir is absent (V and VI). Rowan occurred there in greater numbers when they
exceeded two metres in height.

Birch, hazel, beech, and sycamore up-growths did not occur on perma-
nent plot no. I (on Goncerzyca Rock). The above-mentioned up-growths did
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FiG. 18. Differentiation of the mean diameter values of rowan up-growths on study plots
I—VI

not exceed a diameter of five centimetres on any of the other permanent study
plots (II—VI). All (100%) birch up-growths and a significant majority of syca-
more up-growths (73%) were in the lowest class of diameters, which included
the values from 0.1 to 1 cm, respectively, on study plots no. V in Trzycigz and
number III in Hucisko. On the other hand, young hazels with diameters that
ranged from 3 to 4 cm dominated plot no. IV in Hucisko. Beeches that had the
widest spectrum of diameters from among the species that were analysed oc-
curred most numerously (82%) in the range of diameters from 0.1 to 1 cm. The
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F1G. 19. Height differentiation of rowan up-growths on study plots I—VI

up-growth of this species reached the highest possible range of diameters from
more than 4 to 5 cm.

None of study plots II—VTI had birch, hazel, beech, or sycamore up-growths
taller than five metres in height. Birch and hazel up-growths were numerous on
study plot no. V in Trzyciaz (there was the lack of fir up-growths, but rowan oc-
curred abundantly); however, these were aggregated in various altitudinal zones
of the forest layer. Young birches were mainly in the height range of 0.5 to 1 m
and hazels were in the height range of 4.1—5 m. Beeches and sycamores had
quite a wide height spectrum; beeches were in zones 0.5—3 m and 4.1 to 5 m,
while for sycamores the zone included all of the possible height ranges from 0.5
to 5 m. Beech was the constant component in the majority of the permanent
plots, whereas sycamore was the dominant species in the shrub layer on plot
no. IIT in Hucisko.

Other species in the shrub layer (e.g., aspen, hornbeam, and alder buck-
thorn up-growths) did not have any significant importance for the diameter-
-height structure. These occurred sporadically (one or two observations/12
ares) and did not exceed 0.5 cm in diameter and a height of one metre with
one exception.
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4.5. Fir in the new-growths

Fir new-growths in the presented studies included both the categories of seed-
lings and young specimens of fir that did not reach a height of 0.5 m. In total,
829 Abies alba individuals occurred, comprising the new-growths (on average
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there were 34 individuals/m? in an area of 24 m? that is, 24 squares distributed
regularly as four 1 m x 1 m squares (A, B, C, D) within the inner subarea “i”
of each of the six permanent study plots (I—VI). From among 829 specimens,
283 (34%) had cotyledons, and therefore those were still in the stage of seedlings
and their numbers in particular squares varied between 1 and 48 individuals/m?.
The particular study units used in the studies on the new-growths were differ-
entiated in relation to the mean density of fir seedlings from 4.5 individuals/m?
(Goncerzyca I and Hucisko III) through 4.7 individuals/m? (Trzyciaz V) and 6.2
individuals/m?* (Hucisko IV), up to 16.2 individuals/m* (Trzyciaz VI) and a maxi-
mum of 34.5 individuals/m? (Goncerzyca II); the average was 12 individuals/m?
in the seedling stage. However, the seedlings and older new-growths were not
differentiated but were regarded as one category — fir new-growths.

Height structure of fir new-growths on permanent study plots I—VI.
The greatest differentiation of the heights of fir new-growths occurred on plot
no. IT in Goncerzyca. Such a differentiation proved the potential possibilities for
the further development of new-growths and their gradual transition to higher
sublevels and levels of an upland mixed coniferous fir forest Abietetum albae.
The species on the study plot no. I had highest mean value of the height of new-
-growths (more than eight centimetres), while on plot no. III in Hucisko they had
the lowest mean value. The lowest differentiation of the height of new-growths
was recorded on study plot no. IV in Hucisko (Fig. 21).

The height structure of fir new-growths in the study units. Among 24
squares (1 m x 1 m), fir new-growths that had a mean height higher than eight cm
were only observed in four; in 13 squares the new-growths of fir had/reached from
6 to 8 cm on average, while in seven squares they ranged from 2 to 6 cm (Fig. 22).

Fir new-growths on Goncerzyca I and II had the highest mean values of
height in the 1 m x 1 m squares that were studied. The heights of fir trees from
squares 2A (the maximum differentiation of values included a range heights from
2 to 19 cm) had the highest mean values of fir heights, as did 1D and 1B in the
sequence of lowering mean values. Moreover, square 3D, which had a mean value
of approximately two centimetres, had the largest influence on a low value of
the mean height of fir new-growths on study plot no. III in Hucisko, where the
other squares had new-growths that were approximately five centimetres high.
Study plots no. IV in Hucisko, as well as numbers V and VI from Trzycigz re-
vealed quite equal values of mean heights among new-growths, despite the fact
that these values were significantly changeable in particular squares.

The heights of fir new-growths and the percentage of cover of the herb
and moss layers. On five of the six permanent study plots (Fig. 23), the fir
new-growths reached an average height of 5.9—8.3 cm in the herb layer, which
covered a percentage range of 40—50%. However, over 60% of the cover of
the herb layer was connected with the lowest mean value of heights that were
reached by fir new-growths (5.1 cm on average).

68



18

16

12

10

Height of fir tree ¢ [cm]
©
O

| Il 1 vV \ \
Plot

O Mean
[J MeantStandard Deviation
I Meanz1.96*Standard Deviation

F1G. 21. Differentiation of mean values of height of fir new-growths on study plots —VI

The correlation analysis between the height of the fir new-growths and the
covering of a particular species of vascular plants that created the herb layer
did not reveal any statistically significant relationships in the majority of cases.
In only two cases of the following species: Oxalis acetosella (r = -0.52) and Acer
pseudoplatanus (r = -0.58) did the correlation coefficients reach a statistically
significant value.

The relationships between the cover of the moss layer and the height of fir
new-growths did not reveal any clear tendency. The highest values of the per-
centage cover of the moss layer were related to tall (but not the tallest), that is,
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F1G. 22. Differentiation of the mean values of the heights of the fir new-growths in the study
units (24 x 1 m?squares in total); units: 1A—D — Goncerzyca I; 2A—D — Goncerzyca II;
3A—D — Hucisko III; 4A—D — Hucisko IV; 5A—D — Trzyciaz V; 6A—D — Trzyciaz VI

7.1 and 7.9 cm new-growths. The average value of the cover of the moss layer in
one case was connected with a minimum height of fir new-growths (the mean
was 5.1 cm) whereas in the second case — with new-growths that were somewhat
taller (the mean was 6.8 cm). An interesting fact is that the lack of a moss layer
did not promote the growth of fir new-growths (the mean amounted to only
5.9 cm), whereas a share of mosses close to 10% was connected with the tallest
new-growths (the mean value was 8.3 cm).
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the other hand, the minimum value of the fir new-growth cover was connected
with a maximum percentage cover of the herb layer in Hucisko III (Fig. 24).
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Despite a barely noticeable relationship between the density of the plants in
the herb layer, expressed as a percentage of cover, and the fir share in that layer
of the forest, the correlation analysis revealed a statistically significant, positive
but weak, correlation between these two variables at the level of r = 0.42.

Based on the relationships between the cover of young firs and the cover
of the moss layer, it was not possible to fix any regularity because the maxi-
mum percentage cover of fir trees in the new-growths was connected with both
a medium (below 40%) and a minimum (below 10%) cover of the moss layer.

Species of the herb layer which were not favourable for fir regeneration.
As was mentioned earlier, in the developmental stage of new-growths on all of
the study plots, although not in all of the squares, fir was always accompanied by
only three taxa of vascular plants that built the herb layer: Athyrium filix-femina,
Oxalis acetosella, and Rubus hirtus et pedemontanus. All of these species, on each
study plot from the three main localities (Strzegowa Poduchowne, Hucisko, and
Trzycigz) represent various types of interdependence (Fig. 25). However, the
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F1G. 25. Interdependences between the cover of fir in the new-growths and the species of vascular
plants that constantly accompanied them (Rubus agg.* — Rubus hirtus et pedemontanus)

pattern that was characteristic for the given type of the locality was maintained.
The numbers of the above-mentioned species were similar in the main locality,
but varied significantly between localities. This was particularly visible in the
case of the fir trees (Fig. 26).
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It was observed that Rubus hirtus et pedemontanus and Oxalis acetosella were
distinctly unfavourable species for fir regeneration in the herb layer (c), based
on the results of the correlation analysis. Both taxa had a significant statisti-
cally high negative correlation with the cover of the Abies alba in new-growths.
The values of the correlation coefficients in that case amounted to r = -0.9 and
r = -0.8 respectively (Fig. 26, Table 12).

TABLE 12. Correlation coefficients between Abies alba cover and constant herb layer species

. Coefficients Mean Star.lda.rd Oxalis :A.thyriu'm Rubus hirtus et Abies alba
Species Deviation |  acetosella | filix-femina | pedemontanus
Oxalis acetosella 15,85714 | 18,61387 | 1,000000 |-0,328643 | 0,689989 | -0,768778*
Athyrium filix-femina | 8,85714 | 5,39841 | -0,328643 | 1,000000 [ -0,396517 0,334972
Rubus hirtus et 5,57143 | 5,09435 | 0,689989 [-0,396517| 1,000000 | -0,900972*
pedemontanus
Abies alba 6,07143 | 3,87759 | -0,768778* | 0,334972 | -0,900972* | 1,000000

Explanations: * — statistically significant correlations

The third species that coexisted with fir that was analysed — Athyrium filix-
femina — did not have any distinct interactions with Abies alba. Both the highest
and the lowest mean values of the fir cover had average (quite equal) values of
the cover of that abundantly growing fern. Additionally, the highest cover of the
fern did not drastically reduce the cover of the fir. Therefore, as in the presented
studies, the Athyrium filix-femina cannot be acknowledged as a species that is
univocally unfavourable for the regeneration of young firs.

Ferns are acknowledged as plants that are strongly competitive to new-
-growths and up-growths of tree species. Taking this under consideration, a cor-
relation analysis was made also between the cover of fir new-growths and the
total cover of all of the fern species (Dryopteris carthusiana, D. dilatata, D. filix-
mas) that were present on particular permanent plots. The correlation coefficient
amounted to only a value of r = 0.03, and thus it was not statistically significant.
This once again indicated that there is lack of competition between other spe-
cies of ferns in relation to fir new-growths. At the same time, this confirmed
the already known data related to the distinct and strong shadow-tolerance of
Abies alba in its juvenile period of life and in its early youth.

Types of herb layer and fir new-growths. The following types of herb layer
were distinguished, based on the list and cover of all vascular species in the herb
layer that were done in 24 squares of an area 1 m?* each:

— Dom — a herb layer containing the dominant species;

— CoD — a herb layer containing two or three codominants;

— NoD — a herb layer without a distinct dominance or with equal shares of
many species.

The mean height of fir new-growths was tallest in places where the fir was

a dominant species, as was revealed by the analysis of the data gathered. This
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means that the fir competed with other species of the herb layer or grew above
their level to the point at which these species were not competitors to fir. The
differentiation of the values of fir heights was the largest in such cases. It is
understandable that inner competition between specimens of the same species
is stronger than interspecies competition. Moreover, fir can vegetate in a state
of very slow growth for a relatively long period of time because of its distinc-
tive feature of shadow tolerance. This complicated the issue of the relationships
between individuals of vascular plants in the herb layer (Fig. 27).
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F1G. 27. Height differentiation of fir new-growths in particular types of the herb layer (c)
Explanations: Dom — fir as dominant species in ¢; CoD2 — two dominants in ¢; CoD3 — three domi-
nants in ¢; NoD — none dominant in ¢

75



It can be seen that the more diversified the herb layer is in species (out of
distinctive dominants), the lower the mean height of firs is, and simultaneously
the less the fir differentiation is (this tendency is barely noticeable).

The percentage cover of fir new-growths is also highest in places where
tir fulfils the role of the dominant in the herb layer. For a healthy regeneration
of fir, the distance between a mature forest stand that produces seeds cannot
be too long because fir seeds are heavy. Years when fir is producing seeds and
just after them, the cohorts of seedlings are very abundant under the maternal
forest stand or in its nearest surrounding (Fig. 28).
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F1G. 28. Cover of fir in the herb layer differentiated into the dominance types

Explanations: Dom — fir as dominant species in cover of ¢c; CoD2 — two dominants in ¢; CoD3 — three
dominants in ¢; NoD — none dominant in ¢
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New-growths of trees and shrubs of species different from silver fir. De-
spite the lack of hazel, new-growths included a richer (one to eight) set of species
in the herb layer than occurred in the up-growths in the shrub layer. The group
of species that combined for these two neighbouring layers of the forest (among
others: rowan, sycamore, and birch) spruce, as well as cherry, maple, linden, ash,
and elder in admixtures. In total, these species built only approximately 7% of
the quantitative share of fir new-growths. Among them, only two species showed
in higher numbers, although this was only 3.1% (rowan) and 2% (spruce) of the
quantitative share of the fir. Then, it was fir new-growths up to a height of 0.5 m
that numerically dominated in the herb layer in relation to young specimens of
the other trees and shrubs (Table 13).

TABLE 13. Species and quantitative differentiation (N/4 m?) of tree and shrub new-growths that
were renewed in study units (I—VT)

No. of study plot I I I v A VI | Sum*
Fir Fr 180 371 18 27 86 147 829
Other species Ro 4 15 0 0 5 2 26
Sy 3 1 2 0 0 0 6
Bi 0 0 0 0 0 3 3
Ab 1 0 0 0 1 0 2
Be 0 0 1 0 0 0 1
Pi 0 1 0 0 0 0 1
As 1 0 0 0 0 0 1
Sp 6 4 0 0 5 1 16
Ch 0 0 0 0 2 0 2
El 1 0 0 0 0 0 1
Ma 0 1 0 0 0 0 1
Li 1 0 0 0 0 0 1
Ah 0 0 1 0 0 0 1
Sum of specimens of other species 17 22 4 0 13 6 62
Sum of specimens in total 197 393 22 27 99 153 891
Sum of species 8 6 4 1 5 4 —

Explanations: Ab — alder buckthorn, Ah — ash, As — aspen, Be — beech, Bi — birch, Ch — cherry-
tree, El — elder, Fr — fir, Li — linden, Ma — maple, Sp — spruce, Pi — pine, Ro — rowan, Sy — sycamore;
N — number of specimens; * — on total area 24 m?

The height of rowan new-growths included a range of 2—33 cm, although
the majority of specimens (73%) did not exceed a height of five centimetres, and
the next 15% — a height of ten centimetres. The height of spruce new-growths
varied within a narrower range of heights from 3 to 11 cm, but it was still not
possible for the majority (75%) of spruce individuals to reach ten centimetres of
height. Both rowan (73%), as well as spruce (62%) new-growths were aggregated
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in the highest numbers in Goncerzyca; however, there were none in Hucisko.
In the Trzyciaz locality, these two species occurred in similar numbers as in
Goncerzyca locality (27% and 37%, respectively). This arrangement was repeated
to a significant degree (see Fig. 22, 23 and 25) in the structure of dominance
which was represented by fir new-growths. Fir new-growths reached the highest
mean and maximum heights and the highest percentage of cover on Goncerzyca
Rock while they had the lowest parameters in Hucisko locality. Not only the
numbers of the species were highest in Goncerzyca, but also the species richness
among new-growths. These parameters were lowest in Hucisko (see Table 13).

It must be emphasised that the regeneration was of a natural character and
the origin of spruce seeds could be connected with the influence of the sur-
roundings, but not the maternal forest stand in which this species did not occur
in the tree layer on the permanent plots that were delimited for the presented
structural studies. Rowan instead played an important role in the species com-
position and the structure of both the higher layers of the forest, that is, in the
shrub layer (b) and in the forest stand (a,).

4.6. Dynamics of the fir regeneration
in the phytocoenoses of the Abietetum albae association

The presented studies from permanent study plots include the set of numerical
data that were gathered in the vegetation season of 2011. Field data were collected
from an area of 12 ares for the forest stand, 12 ares for the up-growths (including
2.4 ares for the inner subarea of the studies “i”) and 24 m? for new-growths.
This means that these studies belong to the so-called short-time ones, which
in practice are conducted on small areas but with the possibility of repeating
them in a short-time study series. The question formulated during the studies
conducted on the permanent study plots in the central part of the Cracow-
-Czestochowa Upland was whether the actual resources of the fir in particular
forest layers of the upland mixed coniferous fir forest are sufficient to secure
an unbroken generational succession of this forest community? Specific answers
are included in the above subchapters. However, there is a need to formulate
a few general points resulting from the presented studies regarding the dynamic
tendencies and generational continuity of Abies alba in the phytocoenoses of the
Abietetum albae association.

Actually, in the central part of the Cracow-Cze¢stochowa Upland on the three
main study localities (Goncerzyca, Hucisko Ryczowskie, and Trzyciaz), there
are multi-species and multi-generational forest stands of the Abietetum albae
association in which fir is unquestionably dominant, both in relation to their
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numbers and quality features. Among others this statement is evidenced by: the
wide range of diameters that were represented and the presence of big old firs
which, in relation to their dimensions, are very close to the natural monuments.
Rowan is the most important admixture species in the forest stand sublayer, but
it has worse parameters of diameter and has a lower position in the vertical
structure of the tree layer.

The fir resources of the up-growths seem to be insufficient. This was con-
firmed by the data gathered from 12 ares and 2.4-ares areas. Of the six study
plots (I—VT), fir only occurred in that forest layer on four (I—IV), while the
results of studies from the so-called inner subarea “i” (240 m? in total, delim-
ited within the borders of all of the study plots I—VI) indicate the presence of
fir up-growths on only one of the study plots that was analysed (I) from the
Goncerzyca locality. This statement confirms the lack of fir trees as up-growths
in the shrub layer (Table 14).

TABLE 14. Differentiation of silver fir Abies alba resources in particular layers of the forest (a, b, )
with differences resulting from the size of the data collection area in the shrub layer (b)

No. of study
Total Mean Mean Mean
Lager plotf T | I L IV Ve VI 91 | Njha N0 m? | N/m2
Nan 6 9 8 1 6 5 45* 375 — —
NbA 2 7 8 6 0 0 23% 192 — —
NbAA 1 0 0 0 0 0 > 42 — —
NcAAA 180 | 371 18 27 86 147 | 829*** |345000| 345 34

Explanations: A — on the area of 200 m? (2 ares); A — on the area of 40 m% AAA — on the area of
4 m% * — on the total area of 1200 m? (12 ares); ** — on the total area of 240 m? (2.4 ares); *** — on the
total area of 24 m% N — number of individuals

Fir did not compete with rowan in the shrub layer. These two species ex-
change with each other between plots or within the borders of the same plot
— replace themselves in altitudinal zones of the forest (see Fig. 16 and 20). In
addition, other up-growths such as birches, hazels, beeches or sycamores did not
occur in such a quantity or density that they can be acknowledged as strongly
competitive with the fir up-growths. The reasons for that state should be found
in the structure and species composition of the shrub layer.

The results of the studies showed that at younger developmental stages
(seedlings and new-growths up to a height of 0.5 m), the number of fir trees was
sufficient. The fir quantitatively dominated in the herb layer in relation to the
other trees and shrubs that formed new-growths. Part of the Abies alba individu-
als (34%) vegetated at the stage of seedlings and became a potential source of
the resources for older new-growths. Fir new-growths aggregated most numer-
ously in the mean range of the heights from 6 to 8 cm, and they rarely exceeded
a mean height of eight centimetres. Fir met competitors like rowan and spruce
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new-growths in that altitudinal zone but the multiple quantitative superiority of
fir over the other species of trees and shrubs radically eliminated effects of their
presence. On the other hand, effective fir regeneration was negatively influenced
by some vascular plants, in particular by Rubus hirtus et pedemontanus and
Oxalis acetosella, which reached a higher cover and eliminated fir new-growths
from the herb layer (see Fig. 26). The moss layer had no visible influence on
the development of fir new-growths.

Thus, in order to maintain the generational continuity in the Abietetum albae
phytocoenoses in the central part of the Cracow-Czestochowa Upland, particular
attention should be paid to the protection of the fir up-growths.



5. Importance and state of maintenance of
the fir forests in the central part of
the Cracow-Czestochowa Upland

Considering the state of the art concerning the upland mixed coniferous fir
forest in the central part of the Cracow-Czestochowa Upland, it was difficult
to predict whether its role is important in the area being discussed. Such pre-
requisites as the practical lack of any documentary materials (see MEDWECKA-
-Korna$ 1952; Wika 1983, 1986, 1989; HEREZNIAK 1993; WIKA et al. 2000; WIKa,
BARC 2011), the general assumption that only the edge shape of the Abietetum
albae association can occur in a Jurassic area (MATUSZKIEWICZ J. 1977, 2005) and
also the common opinion concerning fir regression from Polish forests or even
of fir forests decline did not facilitate the present studies. On the other hand,
the results of the studies discussed in this monograph proved that Abietetum
albae occurred in the central part of that region in at least ten new localities
(see Chapter 1.1., Fig. 2).

The importance of the association in the landscape was rather small.
Patches of the Abietetum albae association were dispersed and mainly covered
not very large areas (with a few exceptions). As a rule, these were hidden
among other forest communities and were located on the lower parts of
slopes, entire valleys, or other low placed areas. In many cases, the phyto-
coenoses of the Abietetum albae association were concealed by surrounding
beech woods or coniferous pine forests or mixed oak-pine forests. Some-
times these were oak-hornbeam-linden woods or acidophilous oak forests,
and sometimes in some localities it was difficult to identify and interpret the
secondary forest communities that had been modified by the forest manage-
ment. Secondary arrangements on the potential habitats of the upland mixed
coniferous fir forests (Table 4, rel. 28) were also hidden among the last one
mentioned. According to preliminary observations, these communities were
widespread in the central part of the Cracow-Cz¢stochowa Upland. A more
widespread potential area of the occurrence of this interesting association can
be distinguished, based on the maps of fir distribution, as well as the other
diagnostic species of the Abietetum albae association, for example, Dryopteris
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dilatata, Rubus hirtus, R. pedemontanus, and Sambucus racemosa), which were
recently presented by Urbisz (2012).

The significance of the upland mixed coniferous fir forest in the central
part of the Jurassic area is extremely important from a geobotanical point of
view. Its presence strengthened the significant role of this area in relation to the
protection of biological diversity. This type of forest is a valuable natural habitat
in the international system of Natura 2000 with the code 91PO-1 (HEREZNIAK
2004; RATYNSKA et al. 2010; MaTuszkiEwicz W. et al. 2012). It aggregates quite
a rich flora of vascular plants and mosses. Among them, 18 species are protected
by law (Regulation of the Minister of Environment — Dz.U. 2014, No. 0, pos.
1409) and 45 have been included into the regional red lists of threatened species
(PARUSEL, URBISZ [eds.] 2012; STEBEL et al. 2012).

Another fact worth mentioning is that documented phytocoenoses were well
and very well developed as regards their structure and characteristic combina-
tion of species that formed them in the great majority. It must be stressed that
these phytocoenoses represent a full, very wide differentiation that is embraced
in the form of the two subassociations and variants. This differentiation can be
interpreted as a continuous variability with not very sharp borders between the
subunits, which can be seen on both Figures 4 and 5, which illustrate the results
of the numerical analyses of the total material, as well as in the analytical tables
(Tables 3 and 4).

In order to precisely evaluate the state of maintenance of the Abietetum albae
association in the study area, the best way is to analyse particular documented
localities of that association (see Fig. 2). All of the localities were placed within
the borders of the Landscape Park of the Eagles’ Nests (Park Krajobrazowy Orlich
Gniazd), with the exception of locality no. 8, which was situated in the border
zone of the Landscape Park of the Eagles’ Nests and locality no. 10, which was
situated within the borders of the Diubnia Landscape Park (Dtubniariski Park
Krajobrazowy).

The Kaliszak reserve (locality no. 1!) was one of the two locations in the area
of the central part of the Cracow-Cz¢stochowa Upland where the upland mixed
coniferous fir forest was protected under the law in two ways; it was also a part
of the area Natura 2000, the so-called Olsztyn Refuge. Four phytosociological
relevés were made in patches of the association (Table 3, rel. 4, 21 and 22; Table 4,
rel. 27). A typical subassociation of the A. a. typicum can be found there (in the
majority of the area of the local biochore with the Milium effusum). Moreover,
in some places in the lower southern part of that locality a more fertile subas-
sociation of the A. a. circaeetosum alpinae also occurred. The phytocoenoses had
a completely developed layered structure. The upper sublayer of the forest stand
(a;) reached a mean density of 54% and the share of fir was evaluated at 2—4
degrees in the Braun-Blauquet’s scale. Fir trees reached significant dimensions
(heights of 35 m and a maximum diameter of 38—78 cm in particular patches).
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The fir (Abies alba) was mainly accompanied by the pine (Pinus sylvestris) in
that sublayer of the forest.

Fir was a dominant species and had a similar numerical share (2—4 degrees)
in the lower sublayer of the forest stand (a,) where its mean cover was 44%.
The species regenerated well in the shrub layer (b) where it formed up-growths
of a mean density at the level of 10%. It achieved 1—2 degrees in that layer, and
coexisted and codominated with Sorbus aucuparia. The fir new-growths were
numerous (abundance 1—2) in a mosaic that developed in the herb layer with
a mean cover of 44%. It must be emphasised that, in general, the moss layer was
also well developed in that reserve’s upland mixed coniferous fir forest, which
reached a mean cover at the level of 16%. The total number of species in patches
varied within the range of 30—55 (45 on average). The state of maintenance
and future conservation plans concerning the association, with maintaining
phytocoenoses using the contemporary forms of passive protection without any
cultivation activities should be evaluated as positively distinguishing one of the
local patterns.

Locality no. 2 was situated to the west of Kolonia nad Dotami in the village
of Stare Kietkowice. As regards the problem being discussed here, it is a con-
trasting example of the development of phytocoenoses. One phytosociological
relevé (Table 3, rel. 15) documented the Abietetum albae typicum phytocoenose
that was distorted to a significant degree. That was revealed by the composition
of both the stand and the herb layer species. A distinct dominance of planted
spruce was noticeable in the stand, while many sporadic taxa which usually did
not occur with upland fir forests, appeared in the herb layer. Their contribution
distinctly enriched the total floristic richness of the forest. The state of main-
tenance of the association and its further preservation should be evaluated as
critical. The influence of strong anthropopressure (cultivation activities, sheep
grazing, the vicinity of secondary forest communities, increasing tourist move-
ment) was crucial for its bad state.

Patches of the Abietetum albae circaeetosum alpinae, which were docu-
mented from the so-called Black Forest (Czarny Las) near the Wola Kocikowa
village (locality no. 3*, Table 4, rel. 25—26) had a somewhat similar character.
The spruce Picea abies that had been planted together with the admixture
of pine dominated the forest stand there. Fir occurred mainly in the lower
sublayer of the forest (a,) but not numerously and weakly regenerated. One
possible cause of that situation was the dense cover of the herb layer formed
by vascular plants (80—90% of the layer cover) and mosses (50—60% of
cover). These two dense layers made it difficult for fir new-growths to de-
velop (see Chapter 4.5). On the other hand, within these phytocoenoses, very
rich in relation to the number of taxa (61—63), valuable elements of the
flora, which are characteristic for the Piceion excelsae alliance — Lycopodium
annotinum and Moneses uniflora occurred. The developmental tendencies of
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these phytocoenoses are difficult to predict and are probably dependent on
the forest management to a significant degree.

A. a. circaeetosum alpinae was documented as an exclusively fertile subasso-
ciation of the upland mixed coniferous fir forest on the locality 4 near the village
of Hucisko Ryczowskie (Table 4, rel. 9—12). Soil studies were also conducted
in the patches of this subassociation (Table 2) and two permanent plots were
delimited in order to take measurements for the structure and dynamics of the
forest stand (Chapter 4). Patches of the Abietetum albae circaeetosum alpinae
were maintained in a very good state in the private forests that were extensively
used by agricultural owners. In general, the management, which included the
sporadic cutting of single trees, is quite similar to the passive reserve protection.
Fir (with small admixtures of birch, beech, larch, pine, and spruce) undoubtedly
dominated in the upper sublayer of the forest stand (a;) with density of 60—70%
(63% on average). Fir reached heights of 33—35 m and the maximum diameters
were within the range of 53—62 cm.

Fir also dominated the lower sublayer (a,) with a density of 15—40% (29%
on average). Fir reached abundance degrees of 2—3 and was accompanied by
beech, rowan, spruce, and sporadically sycamore in that sublayer. The shrub layer
achieved a mean density of approximately 13% and was grown most numerously
with the Abies alba up-growths (2nd degree) with an admixture of mainly Fagus
sylvatica, Sorbus aucuparia, Sambucus racemosa, and locally with Picea abies of
low vitality. Fir regenerated very abundantly in the new-growths. The herb layer
(c) covered 40—65% (51% on average), while the moss layer (d) covered 5—25%
(approximately 14% on average) of the soil surface in the phytocoenoses. This
was favourable for fir regeneration (see Chapter 4.5). The floristic richness was
quite stable (44—53, on average 49 taxa of plants in one relevé).

Locality 5, which is situated between the villages of Jaroszowiec, Pazurek,
and Podlesice is quite vast and includes both forests that are protected within
the borders of the Pazurek reserve on the southern side of Cisowa Rock (Cisowa
Skata) and forests growing beyond the borders of the reserve on the SE side of
the Pazurek—Rabsztyn road. Seven phytosociological relevés were made there
in total. The association of the upland mixed coniferous fir forest Abietetum
albae developed there as a typical subassociation and a typical variant (Table 3,
rel. 1, 6, 7, 12, 13) and quite rarely as a subassociation A. a. circaeetosum (Table
4, rel. 19 and 21). The higher sublayer of the forest stand (a,) reached a den-
sity of 40—80% (approx. 70% on average) there and fir reached an abundance
degree that ranged from 2 (exceptionally) to 4 on the Braun-Blanquet’s scale,
maximum heights were 29—31 m and diameters (dbh) were 45—60 cm, which
is an evidence of good conditions. Fir was accompanied by beech and spruce
(locally even numerously) in the majority of the patches, and rarely by aspen
and sporadically by birch and pine. The lower sublayer (a,) was not very strongly
developed. It reached a density that ranged from 10 to 50% (24% on average).

84



With the exception of fir, which reached abundance degrees of 1—2, beech and
spruce were also quite dispersed. The shrub layer (b) was barely developed in
comparison with the other localities. It had an average density of approximately
5% (from insignificant to 15%). Fir was not always present and its abundance
ranged from + to 2. Sorbus aucuparia was the most frequent species in that
layer, beech up-growths occurred more abundantly locally, whereas young spruce
specimens revealed a distinct lack of vitality. The herb layer covered 15—25%
(21% on average) of the soil surface and the moss layer ranged from insignificant
to 35% (approximately 10% on average), which should be favourable for fir re-
generation. Unfortunately, fir occurred only in average numbers in new-growths.
In each case, it had a low numerical force — one (i.e. the cover up to 5%). The
patches studied were floristically stable, but not very rich in species (30—40, on
average 36 taxa in the relevé).

The state of preservation of the Abietetum albae phytocoenoses on locality 5
should be assessed as quite differentiated — from medium to good (in general
acceptable). However, it must be stressed that patches that were beyond the
reserve borders were much better preserved than those within the reserve. The
Pazurek reserve was established mainly for protection of beech woods (Wika et
al. 1984; WikaA 1986; Rakowskr 2007). Perhaps the area of the reserve should be
expanded to the forests that are situated on the SE part of the Pazurek—Rabsztyn
road for the protection of the upland mixed coniferous fir forest association.

Locality 6! — which is quite vast in area (see Fig. 2) — included the forests of
the Wodaca Valley (Dolina Wodgca) (Wika et al. 2000; Wika, BARC 2011; WIKA
2012). These were protected within the Eagles’ Nests Landscape Park. The idea
of the establishment of one large reserve (over 50 ha) that included a significant
part of the Wodaca Valley was discussed. The reserve would be organised for the
protection of Phyllitis scolopendrium (Wika 2012). Parts of the fir forests would
also be within the borders of that reserve.

Phytocoenoses of the upland mixed coniferous fir forest covered quite a sig-
nificant area there, almost exclusively in forests used by private agriculturalists.
Sixteen phytosociological relevés were made — 15 in A. a. circaeetosum alpinae
(Table 4, rel. 1—8, 13—18 and 20) and one in A. a. typicum in a typical vari-
ant (Table 3, rel. 14). Soil studies (Table 2) and two permanent plots for stud-
ies on the structure and dynamics of the stand regeneration (Chapter 4) were
conducted there. All of these phytocoenoses of the association had a classical
layered structure. Fir distinctly dominated in the upper sublayer (a,) with an
average density of 60% (50—75%). Fir reached high numerical degrees (3—4),
and had significant dimensions of the trunks regarding their heights (25—36 m;
32 m on average) and diameters (dbh), which in particular patches varied within
a range of 31 cm and 58 cm. Fir was almost always accompanied by Picea abies;
Betula pendula, Fagus sylvatica, Pinus sylvestris, and Populus tremula were also
frequent; Acer pseudoplatanus and Quercus robur rarely appeared. Fir was also
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well regenerated in a, layer. Sorbus aucuparia was an accompanying species to fir
in almost 70% of phytocoenoses studied. The numbers of rowan ranged between
+ to 2 on the Braun-Blanquet’s scale. In addition to fir and rowan, such species
as: Acer pseudoplatanus, Betula pubescens, Corylus avellana, Fagus sylvatica, Picea
abies, Quercus robur, and Salix caprea were also noted in the lower sublayer of
the tree stand (a,). Particular attention should be paid to Corylus avellana, which
occurred numerously as up-growths in the shrub layer (layer b) in the Vth con-
stancy class and with a significant abundance that ranged from 1 to 2. The mean
density of that layer amounted to 18% and in particular phytocoenoses varied
between 5 and 20%. The layer was built by both well-regenerating up-growths of
Abies alba and by such species as Acer pseudoplatanus, Fagus sylvatica, Populus
tremula, and rarely by Picea abies. Sambucus nigra and S. racemosa, and also
Frangula alnus, were among the typical shrubs but rarely noted.

Fir new-growths were numerous (numerical force 1—2) in the herb layer
(c) with an average cover of 42%. Luzula pilosa, Maianthemum bifolium, Oxa-
lis acetosella, Vaccinium myrtillus, and ferns, especially: Athyrium filix-femina,
Dryopteris carthusiana, D. dilatata, and Gymnocarpium dryopteris reached the
highest constancy classes (V—IV). With the exception of Vaccinium myrtillus,
their cover was not high; they usually numbered + to 1; rarely were they higher
than a value of 5%.

The moss layer was always present and amounted to 18% of cover on average
(but with high variations of this parameter from 5 to 50%). The layer was formed
primarily by seven moss species, namely, Atrichum undulatum, Brachythecias-
trum velutinum, Dicranella heteromalla, Hypnum cupressiforme, Plagiothecium
curvifolium, Pohlia nutans, and Polytrichastrum formosum. The number of spe-
cies in patches varied within the range of 36—56 (on average it amounted to
46). The state of maintenance and future preservation plans of the association
in the Wodaca Valley should be acknowledged as very good. These were one of
the local patterns in management of fir resources.

On locality 7, that is, in the Lysa Forest (Las Lysa), (Fig. 2), only two phy-
tosociological relevés were made, both in the subassociation A. a. circaeetosum
alpinae (Table 4, rel. 22—23). The Lysa Forest joins the Kleszczowski Forest
(Kleszczowski Las) making one large forest complex that is situated in an open ag-
ricultural landscape between two localities — Kleszczowa—Udo6rz on the north
and Kapiele Wielkie—Poreba Dzierzna on the south. The two phytosociological
relevés included the two small phytocoenoses that had developed on the slopes
on the northern and the north-eastern exposures of Bald Mountain. The forest
stand (especially in the upper sublayer a;) was distinctly loose because a few
larger firs had been cut, however, despite that the structure of patches of the
association studied was complete. Fir occurred only under the canopy of spruce
in one of the patches. Fir was present in the shrub layer as up-growths; however,
it very weakly regenerated in the herb layer in contrast to the spruce Picea abies,

86



which was abundantly represented in the shrub and herb layers and dominated
in the upper sublayer of the stand (a,). It was accompanied quite numerously by
Quercus robur there, while Fagus sylvatica and Sorbus aucuparia were in a good
condition (bonitation) in the sublayer a,. Attention should be paid to the other
species that are present in these phytocoenoses, namely, Eurhynchium angustirete,
Gymnocarpium dryopteris, Herzogiella seligeri, Impatiens parviflora, Lophocolea
heterophylla, Phegopteris connectilis, and Sambucus racemosa. Impatiens parvi-
flora, which appeared in the herb layer and as an alien species to the country
flora, indicated an ongoing process of degeneration. The process was caused by
the promotion of spruce by the forest management service, and therefore the
state of maintenance of the association and its further persistence should be
assessed as critical there.

Locality 8 was situated on both sides of the forest road that links Zabagnie
and Domiarki, which are small village communes. The forest complex called
The Zabagnie is situated NW from the town of Wolbrom and the village ad-
ministrative unit of Dtuzec (Fig. 2). Patches of Abietetum albae typicum (Table 3,
rel. 8—11), which covered among other forest communities and were dominated
by Picea abies, developed on the flat areas, and only in some places that were
a bit uneven. The phytocoenoses had a fully developed layered structure. The
upper sublayer of the forest stand (a,) reached a mean density of 66% and the
maximum diameters of firs (dbh) ranged from 36 to 44 cm. The heights of
the trees in the stand reached 33 m. Picea abies, with abundance degrees on
the Braun-Blanquet’s scale of 2—3 dominated in the forest stand, whereas fir
achieved degrees only of one to two. Both of the species mentioned were ac-
companied by Betula pendula (with degree of two) and Pinus sylvestris occurred
less numerously. Populus tremula and Quercus robur rarely occurred. In the lower
sublayer of the forest stand (a,), both fir and spruce were codominant species
with a mean density of 31%. Padus avium, Quercus robur, and Sorbus aucuparia
were not a numerous admixture.

The shrub layer (b) reached a mean density of approximately 15%. Abies
alba was always present with abundance degrees from 1 to 2. Picea abies and
Populus tremula showed a distinct lack of vitality. Corylus avellana, Sambucus
racemosa and Sorbus acuparia were observed in each patch of the shrub layer.
Fir new-growths were numerous (abundance degrees from 1 to 2) in the mosaic
developed herb layer with a mean cover of 53%. Pteridum aquilinum occurred
quite abundantly in the half of phytocoenoses that was studied. Lycopodium an-
notinum and Pyrola minor were noted in the herb layer sporadically. The moss
layer (d), which reached a mean cover of 8%, was composed of 16 moss species,
including a few that were rare for the Cracow-Cz¢stochowa Upland (Fojcik
2011), for example, Hylocomium splendens, Kindbergia praelonga, Ptilium crista-
castrensis, and Thuidium tamariscinum. The number of species in particular
phytocoenoses ranged from 36 to 44 (37 on average). The state of maintenance
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and the perspectives of further persistence should be assessed positively as ac-
ceptable. Actually, the forest service pays a lot of attention to the preservation of
the upland fir forests in that area, where it has good conditions for development.
Spruce (Picea abies) has actually been eliminated in many places where it was
strongly promoted for many years in the past. The regeneration of fir in “nests”
was undertaken in order to promote succession in the direction of a “target forest
stand,” taking into consideration the rules of multi-functional forest management
and for the purposes of the restoration and protection of an adequate association.
This was the only case of such activity that was recorded during these studies.
Locality 9 for Abietetum albae (small in area) was situated in the Michaléwka
village, to the east of the Michaléwka—Cieplice local route, to be more precise on
slopes of Mt. Lysica (Géra Lysica) (444 m a.s.l.) and on a nameless hill (454 m
a.s.l.). These two hills are situated in the vicinity of the Michalowiec reserve,
which is located a few kilometres in a straight line from locality 9. In total, four
phytosociological relevés were made on locality 9; two relevés were made in the
A. a. typicum in a variant with Milium effusum (Table 3, rel. 23 and 24), and two
in the A. a. circaeetosum alpinae (Table 4, rel. 24 and 28). However, the second
relevé represents the poorer shape of the association and demands a separate
description. All phytocoenoses that were studied were situated on the lower parts
of the hills mentioned above, whereas the tops were covered by beech woods,
namely, orchidaceous Cruciato glabrae-Fagetum (MiCHALIK 1972) Ratynska et
al. 2010 pro ass. [=Carici-Fagetum convallarietosum MICHALIK 1972, community
Fagus sylvatica-Cruciata glabra auct.] and an acidophilous lowland beech wood
Deschampsio  flexuosae-Fagetum [=Luzulo pilosae-Fagetum]. The four-layered
structure and very high forest stand of the upland mixed coniferous fir forest
(mean height 30 m) is comprised mainly of spruce with a lower share of the fir.
Fir is not numerous in layer b as up-growths, and moreover, its new-growths
were weakened in the herb layer (abundance degrees r-+). The maximum di-
ameter of firs varied with a range of 30—31 cm. The moss layer did not exceed
10% of the cover and the floristic richness was unstable (29 to 49 species).
Relevé number 28 in Table 4 differs quite distinctly from the others that rep-
resent the phytocoenoses discussed above. Athyrium filix-femina (3.3), Impatiens
parviflora (2.1), and Rubus hirtus (3.4) achieved a total cover of 70% in the herb
layer, which are high numerical degrees. Pinus sylvestris (3.4) dominated in the
forest stand with an admixture of Picea abies (2.1), Quercus robur (2.3), Betula
pendula (1.1), and Fagus sylvatica in a, (2.3). Fir was only represented there in the
sublayer a, (1.1) and in the shrub layer (b) but with a low abundance degree (+).
The state of maintenance of Abietetum albae and further persistence of this
association on the locality being discussed should be assessed as critical. The
reasons are the especially strong anthropopressure (forest management, visible
cattle grazing, locality in the neighbourhood of secondary forest communities,
and most of all, isolation of that rather small locality). It must be added that both
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of the hills where the four phytosociological relevés were made, were surrounded
on three sides by agricultural lands and only on one side (the north-eastern)
there was a narrow strip of forest from the side of the village of Cieplice where
it joined the locality being discussed.

The last locality (no. 10*) — the largest in relation to area and the local-
ity of the Abietetum albae association on the area studied was situated within
the Dtubnia Landscape Park. It is a forest complex that stretches between the
villages of Trzyciaz, Zagérowa, and Glanéw. These are mainly State Forests
that are under the administration of the Trzycigz Inspectorate. In total, eight
phytosociological relevés were made on both sides of the Trzyciagz—Zagérowa
road. These represent a typical subassociation that is differentiated into two
variants — a typical variant (Table 3, rel. 2—3 and 5) and a variant with Milium
effusum (Table 3, rel. 16—20). Soil studies were also conducted (Table 2) and two
permanent plots were delimited in order to take measurements on the structure
and dynamics of the fir stand (Chapter 4). As was said earlier (Chapter 3.2),
the fir reached significant dimensions there, which were similar in values to
those from the Kaliszak reserve. The maximum height of its trunks amounted
in that case up to 36 metres and the maximum diameter was sometimes up
to 90 cm (59 cm on average). In the majority of cases, the phytocoenoses had
a completely developed layered structure. Abies alba dominated in the upper
sublayer of the forest stand (a,), while in the lower sublayer (a,) only in two
cases of the phytocoenoses studied was its abundance assessed as one; in other
cases it ranged from two to four. In the two other layers, that is, in the shrub
layer (b) and in the herb layer (c), fir regenerated extremely well in contrast
to Picea abies. Spruce revealed a lack of vitality, which was particularly visible
in the shrub layer (b). Fir was almost always represented in layer b despite the
fact that the density of the species in that layer was changeable from 1 to 20%
(11% on average). However, fir took first place in respect to its quantity. Sorbus
aucuparia, Sambucus racemosa, Corylus avellana, and Frangula alnus had lower
numbers in that layer.

The presence of Galeopsis pubescens, Impatiens parviflora, Ranunculus repens,
or Urtica dioica in the herb layer indicate the degeneration of the phytocoenoses.
This was also confirmed by the unstable percentage values of the density and
cover of plants in particular vegetation layers, for example, in the a, values, which
ranged between 40—85%, whilst in a,, — they ranged from 10 to 60%, in b from
1 to 20%, in ¢ from 30 to 75% and in d from 5 to 40%. During the field studies
traces of intensive forest management were noticeable in many places.

To date the state of maintenance of the upland mixed coniferous fir forests on
the localities being discussed should be acknowledged as good. The developmen-
tal tendencies of these phytocoenoses are difficult to predict and are dependent
on the sylvicultural activities that are conducted there to a significant degree.
A loose forest stand creates unfavourable conditions for fir regeneration because
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it is connected with the rapid appearance of nitrophilous species, especially
Impatiens parviflora, which are alien to the flora of the country.

To summarise this chapter, it must be ascertained that the state of mainte-
nance and further perspectives for the persistence the upland mixed coniferous
fir forest in the area of the central part of the Cracow-Czestochowa Upland
are quite differentiated. The Kaliszak reserve (1!) should be acknowledged as
of a very good or even distinguished maintenance status of fir forests, as well
as in the case of localities 4 and 6!. Only locality no. 10* has good status of fir
forests. Satisfactory status have localities 3%, 5, and 8; while bad — 2, 7, and 9.
The further persistence of this association should be assessed as critical on the
other two localities. Localities 3* and 10* have an asterisk, which means that the
developmental tendencies of the Abietetum albae are difficult to predict today
and are dependent on forest management, to be more precise — on the direc-
tion it takes in the nearest future. Localities 1! and 6! should be distinguished
because of the positive local patterns of use and the management of upland
mixed coniferous fir forest.



6. Discussion

In earlier studies that have been conducted in the central part of the Cracow-
-Czgstochowa Upland, fir has been noted as a rare component of various types
of beech woods, but was also found sporadically in oak-linden-hornbeam woods
and acidophilous oak woods, mainly in up-growths and new-growths (MicHA-
LIK 1972; CELINSKI, WIKA 1975, 1978; Wika 1983, 1989, 2012; WIKkA et al. 1984,
2000). Fir forests were not distinguished in the Cracow-Czestochowa Upland,
with the exception of the imprecise information given by Medwecka-Kornad
(1952) from the southern part of that region and the materials collected by
Herezniak (1993) from the northern part. The few phytocoenoses with a high
share of Abies alba that were observed during the studies mentioned above
have been consciously omitted and therefore treated as difficult to interpret the
phytosociological degeneration shapes of beech woods (Wika, personal informa-
tion). The species has been acknowledged there and at that time (Wika 1986) as
a regressive species, which was the result of air pollution, cutting and the trans-
formation of forest stands. A similar trend was observed by Medwecka-Kornas
and Gawronski (1990, 1993) in the widely treated mixed coniferous forests of
the Ojcow National Park.

For some period of time the statement (see MATUSZKIEWICZ J. M. 1977,
2005; MaTuszkiEwicz W., MATUSZKIEWICZ J. M. 1996) that the only edge shape
of the Abietetum albae Dziubaltowski 1928, which is slightly different from the
type, which for a few decades (in some elaborations up to contemporary times)
was known under the improper name the Abietetum polonicum (Dziub. 1928)
Br.-Bl. et Vlieg. 1939, can occur in the Jurassic area (see ICPN, WEBER et al.
2000). In the meantime, the studies and research presented in this monograph
proved that the association is present within the area of the central part of the
Cracow-Cze¢stochowa Upland on at least ten localities (including some that are
quite large). The association was well developed in the majority of localities
and had an acceptable condition and in many places revealed a high capability
for spontaneous regeneration (improvement of its actual state) in cases of de-
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formation. Moreover, the association presented the full spectrum of the known
local-habitat variabilities that are realised in the rank of the two subassociations
(Abietetum albae typicum ]. M. Matuszkiewicz 1977 and A. a. circaeetosum al-
pinae J. M. Matuszkiewicz 1977) and also in the two variants within the typical
subassociation.

The carried out comparative studies (Table 5) prove the distinguishing of
the shapes of the upland mixed coniferous fir forest in the rank of new, Jurassic
geographical variety of that association, but not its edge shape, which was
documented in the research area. This should also be done with all of the other
regional shapes of Abietetum albae, which developed in areas that are distant
from the Holy Cross Mountains — the locus classicus of the association, where
it theoretically occurred in its most typical form. However, the data included
in the original Table 5, as well as the contemporary studies of Matuszkie-
wicz J. M. and Kowalska (2007) indicate that even there the association is
slowly losing its regional specificity. On the one hand, it is becoming poorer in
some important components, while on the other hand, it is incorporating new
elements that partly come from other varieties, for example, Corylus avellana.
In fact, the shape of the fir phytocoenose that occurs in the Siedlecka Upland
can be acknowledged as an edge shape that is significantly poorer in important
elements of the characteristic combination of species (MARCINIUK, WIERZBA
2004). However, it has the specific features of the Mazovian variety, which is
also discussed in that book.

The Subcarpathian variety is controversial and demands further studies. This
variety was distinguished by Matuszkiewicz J. (1977) and is very widely under-
stood. It is probably a heterogenous unit that is differentiated into altitudinal
zones. Moreover, it reveals features thanks to which it can be treated as “edge
shape” according to Matuszkiewicz J. (1977) in order to recall the significant
poorness of the group of diagnostic species for the association. More details
and explanations are needed in relation to the problem of the identification of
the phytocoenoses of that variety in the context of their separateness from the
lower montane mixed coniferous fir-spruce forest, which is traditionally named
the Abieti-Picetum (montanum) W. Mat. 1967, or the even lower montane fir
wood Galio rotundifolii-Abietetum Wraber 1955, which have been characterised
in more detail in Poland by Celinski and Wojterski (1978), as well as by Kas-
prowicz (1996a).

It seems probable that at least part of materials that have been interpreted
within the variability of Abieti-Piceetum (montanum), which come from the
lower Carpathian ranges, represent the upland coniferous mixed fir forest Abie-
tetum albae (e.g. BARC 2012).

The problem of the relationship of the upland mixed coniferous fir forests of
Poland to similar communities from the other countries of the Central Europe
is beyond the scope of this book and requires separate studies.
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The aspects discussed above, in general, good state of maintenance of the
Abietetum albae association, its regeneration tendencies, and its specific features
in the central part of the Cracow-Czestochowa Upland, which are characterised
based upon phytosociological studies and comparative syntaxonomic studies
within a certain range, have been confirmed by some exemplary soil studies.
These studies revealed a strong relationship of the association with grey Luvisols.
In general, good condition of the association with fir as one of the base species
(and sometimes the most important) that builds the phytocoenoses in a particu-
lar way are illustrated during the studies on the structure and dynamics of the
chosen species, which are presented in Chapter 4. A few questions discussed in
that chapter require some additional comments.

The forest stand. Fir occurs in the stand with a mean density of 375 indi-
viduals/ha on permanent plots in the central part of the Cracow-Czgstochowa
Upland. As an example, in the strictly protected beech-fir forest in Kamien (the
Magura National Park, the Beskid Niski Mts.) (Magurski Park Narodowy, Beskid
Niski) in which fir amounted to 44.9% of the number of trees (PRZYBYLSKA
2003), a number of 693 individuals of the total number per one hectare has
been acknowledged as high. Fir coexists there, among others, with beech (47.5%
of the number of trees) and sycamore (1%). A recalculation of the number of
individuals for the share of the fir only, gives the number of 311 individuals/ha,
thus 64 firs/ha less than the density that was indicated in the present studies
for the Jurassic area.

In addition to fir, the structure of the forest stand of the Abietetum albae
on permanent study plots I—VT in the central part of the Cracow-Czestochowa
Upland is built by a few other species of trees. In the lower sublayer (a,) of the
upland mixed coniferous fir forest, a significant share of rowan was observed
(100 individuals/ha) and a distinctly lower share of beech (25 individuals/ha).
Other species comprising the stand on the permanent plots, that is, pine, birch,
sycamore, and big hawthorn did not exceed ten individuals per hectare. The
share of rowan, which significantly exceeded the number of other species, indi-
cates a possible episode that was connected with the rapid cuttings of the tree
stand in the past.

Up-growths and shrubs. Plot V in Trzyciaz is distinguished with regard to
the number of individuals of all species in the shrub layer (b). Trzyciaz V is also
one of the two plots where fir does not create layer b with other species. On the
other hand, on Goncerzyca (plot I) the layer b consists exclusively of Abies alba.
These examples give evidence of how different the possibilities for the develop-
ment of that layer can be, depending on the history of the given phytocoenose
or local-habitat conditions (see Tables 3 and 4).

The presence of 192 fir individuals/ha of fir up-growths in the central part
of the Jurassic area was observed in the studies. This is a low number in com-
parison, for example, with fir up-growths in the Jata reserve on the Siedlecka
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Upland, which developed under a dense and monospecies canopy of fir that
grows there on the edge of the range of Abies alba. The layer is differentiated
by the youngest up-growths from 0.5 to 1.3 m in height (246 individuals/ha),
up-growths with diameters up to two centimetres (185 individuals/ha), as well
as older up-growths with diameters of 2—7 cm (546 individuals/ha) (DoBRro-
WOLSKA 1998).

These relationships become clearer in a situation in which certain methodical
solutions are used. In many space-wide field studies, in order to equalize the
proportions between the area of sampling in the forest stand and in the shrub
layer, an internal area a few times smaller than the area of the entire study plot
is used. Such a solution was also used in these studies. On each of study plots
(I—VI) with an area of 200 m? and internal subarea “i” that included 40 m?
designated for studies on the up-growths was delimited; moreover, units of an
area of 4 m* were used for the studies on new-growths. In this way the studies
became more comparable with the results of the studies that had been done by
other researchers. On the other hand, the methodical compactness between the
phytosociological studies, soil profiles, and studies on permanent plots required
data collection from all of the permanent plots (I—VI), that is, from 200 m? of
each area. An expected and interesting difference between the numbers and the
species richness of components of the shrub layer (b) which was obtained, was
caused only by the size of the area of sampling.

Tables 15 and 16 were created in order to compare the numbers and species
richness of all of the up-growths that were growing exclusively in the internal
subarea “i” of study plots I—VTI (of a 2.4-ares area) and the numbers and species
richness of all of the up-growths that occurred on the area of 12 ares.

TABLE 15. Numerical differentiation (N/study plot) of the shrub layer with multi-species up-
-growths depending on the area of sampling

Number of study plot I II I v A VI %
Sum of individuals b* 2 27 26 9 45* 16* 125
Sum of individuals b** 1 5% 8* 5* 3% 6* 28

Explanations: N — number of individuals; * — lack of fir in the shrub layer; * — on total area 1200 m?
(12 ares); ** — on total area of 240 m? (2.4 ares)

TABLE 16. The comparison of species differentiation (N/study plot) of the shrub layer depending
on the area of sampling

Number of study plot I I 11 v \ VI
Sum of species b* 1 6 4 3 6 2¢
Sum of species b** 1 2f 2f 2° 3 2°

Explanations: N — number of individuals; * — lack of fir in the shrub layer; * — on total area 1200 m?
(12 ares); ** — on total area of 240 m? (2.4 ares)
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As was expected, lessening the area of the sampling caused a reduction in
the numbers and the species richness of up-growths, especially fir, in the shrub
layer. However, this did not change the general rules that were indicated on the
broader study material. All of the types of structure of fir phytocoenoses (Types
1—3, cf. Chapter 4.1) that had been distinguished earlier, based on forest stands
and up-growths are still represented. Particular permanent plots represented by
the described structural types proved to be changeable.

In the present studies, the highest number of fir up-growths that occurred
on the study plots I—IV had diameters that ranged from 3.1 to 4 centimetres. Fir
up-growths achieved the highest mean value of the diameter on study plot no. I
(Goncerzyca), while the lowest was achieved on study plot no. III (Hucisko). The
greatest number of Abies alba individuals in the up-growths were concentrated
in a vertical range of 2.1 to 5 metres of height.

The highest number of rowan up-growths had the lowest range of diam-
eters that ranged from 0.1 to 1 cm; these were aggregated on permanent plot
IT in Goncerzyca, as well as on plots no. V and VI in Trzyciaz that had no fir
up-growths. Rowan up-growths were not competitors with fir in relation to the
space; rowan appeared in up-growths in larger numbers in places where fir was
absent and to a certain degree was a promoter species for the fir. Birch, hazel,
beech and sycamore up-growths and shrubs did not occur on permanent plot
I; and on the others these species did not exceed a diameter of five centimetres
and did not grow taller than five metres.

Fir new-growths (with seedlings). On average, there were 34 fir new-growth
individuals/m?. Seedlings comprised 34% of all of the individuals in the category
of new-growths up to 0.5 m in height. On average this applied to 12 individu-
als/m?, but the numerical values were different depending on the plot and ranged
from 4.5 seedlings/m* (Goncerzyca I and Hucisko III) up to 34.5 seedlings/m?
(Goncerzyca II). These values ensure the sufficient restoration of the Abies alba
new-growths within the permanent study plots in the central part of the Cracow-
-Czgstochowa Upland. For comparison, it must be added that fir new-growths,
which formed herb layer under the canopy of the mother stand in the the Holy
Cross National Park (Swigtokrzyski Park Narodowy) (GranNiczNy and UKLEJA-
-DoBrowoLska 1990), have been acknowledged as abundant, when these reach
from 2 to 73 individuals/m?

Favourable and unfavourable species for fir. In the central part of the
Cracow-Czestochowa Upland fir is accompanied by forest stand forming species
or admixture species, their up-growths and sometimes shrubs in each of forest
layers: the stand, the shrub layer, and the herb layer of the phytocoenoses of the
Abietetum albae association.

According to Jaworski and Zarzycki (1983), the stand species composition
is important for the natural restoration of fir. Trees can be differentiated into
favourable, unfavourable, and neutral species regarding their effect on fir resto-
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ration. Monospecies fir stands have been acknowledged as the most favourable
to the abundant natural regeneration of fir in the Jata reserve (DOBROWOLSKA
1998). In the studies mentioned above, the positive influence of pine and birch
to initiation and development of fir new-growths and up-growths has also been
confirmed. Hornbeam, which is not represented in the stands of permanent
plots I—VI in the central part of Cracow-Cz¢stochowa Upland, has been ac-
knowledged as a species that is unfavourable to fir regeneration. Dobrowolska
(1998) did not indicate the presence of beech (this is understandable, because
of the permanent lack of this species in the said area because the area is out of
its natural range) and rowan in the lower sublayers of the stand in the Jata fir
reserve. Such components of the stand as ash, black alder, durmast, maple, elm,
and spruce are regarded as neutral for fir regeneration (JAWORSKI, ZARZYCKI
1983; DOBROWOLSKA 1998). None of them is present in the forest stand of the
patches of the Abietetum albae from plots I—VI that are being discussed.

The stands of the phytocoenoses of the Abietetum albae being discussed are
multi-species but they are dominated by fir. In addition, the range of diameters
that they represent is very wide. Nevertheless, the problem of fir regeneration
under its own canopy is interesting and controversial (S1MAK 1951; MAYER 1960;
GURTH 1988; AMMER 1996). The idea that young firs have better conditions for
regeneration under a canopy of mixed forest stands than those under their own
mother fir stands, that is, with a fir share of more than 90%, is more popular.
However, Giirth (1988) states that in such a case, natural even-aged fir stands
would not occur (very equalized stand according to the diameters occurred in
Hucisko IV). This argumentation is also questioned by the thesis concerning
the replacement of species in a mixed forest stand. At that time an argument
concerning the anthropogenic origin of even-aged (even those at an extremely
advanced age) fir forests is given (SzZAFER 1932; NoZiCka 1957; MICHALIK S.,
MicHALIK R. 1997; HOFMEISTER et al. 2008).

Even-aged and monospecies forest stands can also be created as a result of
mass phenomena that sometimes have catastrophic results.

Fir as a species that is strongly rooted in the soil and that develops the so-
-called medium or cordial root system is resistant to wind throws, and rarely
undergoes windbreaks, because it usually has desirable proportions of the diam-
eter to the height of the trunk. However, the species is not resistant to freezing
to death, air pollution, a mass invasion (gradation) of insects, and the pressure
of ungulates. In the past, the area of the central part of the Cracow-Czg¢stochowa
Upland (Jurassic area) was not immune from any of the above-mentioned mass
phenomena (Paczoskr 1929; MEDWECKA-KORNAS 1952; MEDWECKA-KORNAS,
GAWRONSKI 1993).

In reality, it seems (the problem needs further studies) that animals and
in particular the deer family (Cervidae), may be responsible for the low share
of fir in the up-growths on the area of the studies being discussed. Only these
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fir individuals that were taller than two metres persisted in the shrub layer on
study plots I—VI, whereas only 9% of fir up-growths occurred in the range
of 0.5—2 m. There is also a lack of fir new-growths in the height range of
0.2—0.5 m and rowan new-growths from 0.35 to 0.5 m. Sycamore at the stage
of new-growths, which is acknowledged as a dainty for cervoids, did not grow
higher than 0.36 m, and in up-growths occurred more numerously in the range
of 1.6—2 metres.

A reduction in fir regeneration can also have other sources. Athyrium filix-
femina, Oxalis acetosella, and Rubus hirtus et pedemontanus are accompanying
species that occurred with Abies alba in the new-growths on all of the study plots
I—VI. Rubus hirtus et pedemontanus and Oxalis acetosella (see Chapter 4.5) are
distinctly unfavourable species for Abies alba in the new-growths within the phy-
tocoenoses of the Abietetum albae in the central part of the Cracow-Cze¢stochowa
Upland. The values of correlation coefficients in both cases amounted r = -0.9
and r = -0.8, respectively, and such a correlation is highly statistically significant.
Rubus hirtus sensu stricto is dangerous for fir regeneration because — as has
been indicated in quantitative studies (PANCER-KOTEJA et al. 1995) — it has no
mechanisms that can prevent the excessive density of its population, it has low
mortality of sprouts in successive years and it has a domination of vegetative
over generative reproduction. All of these features raise the competitive abilities
of that species in relation to other components of the herb layer.

The phytosociological descriptions of the community of the type Abies alba
— Rubus hirtus, which usually represents the Fagetalia sylvaticae order, have
been presented from various parts of Poland for many years (among others,
from the Beskid Niski Mts. and the Beskid Maty Mts.). These communities were
often accompanied by the comment that the interpretation of their status within
a hierarchical set of units is difficult and requires verification (STAszKIEwICZ
1973; SWIES 1974a, b; MEDWECKA-KORNAS 1976; MICHALIK S., MICHALIK R. 1997;
MicHALIK 2003; BARC 2012). The attention of researchers is paid to the share
of anthropopressure in the transformation of the species combination of the
stands and on the removal or promotion of fir, depending on the actual needs
(DzruBarTowskl, KoBENDzA 1933; GEAZEK, WOLAK 1991). On the one hand,
Rubus hirtus in relation to the Abietetum albae association, is mentioned as fir
accompanying species, but not as the identifying species for the phytosociologi-
cal unit (GLAZEK, WoLAK 1991). On the other hand — more frequently — it is
noted as the species that regionally and in the altitudinal zone differs this as-
sociation within the alliance and suballiance (MATUSzZKIEWICZ J. M. 1977, 2005;
BrzEG, RuTKOWSKI 2004; MATUSZKIEWICZ ]. M., KowALskA 2007; RATYNSKA
et al. 2010; MATUSZKIEWICZ W. et al. 2012).

Athyrium filix-femina did not show any distinct relationships with fir in the
new-growths on study plots I—VI, which can be described as certain regularity.
In addition, the total cover of Dryopteris carthusiana, D. dilatata, and D. filix-mas
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indicated a very low correlation r = 0.03 with the cover of fir new-growths. This
is probably because of the distinct shadow-tolerance of Abies alba in the juvenile
and mature stages of development; other species like Athyrium filix-femina and
other ferns are not as dangerous for its regeneration as, for example, Athyrium
distentifolium is for the regeneration of spruce, which is a light-demanding spe-
cies in the upper montane spruce forest on Mt. Babia (Babia Géra) (HOLEKSA
1998). Glazek and Wolak (1991) researched the community with Dryopteris di-
latata (=D. austriaca) with the share of the Abies alba forming the tall herbs in
the subtopic parts of the quartzite stony slopes in the Holy Cross Mts., which
occurred in mosaic with the Abietetum albae (=A. polonicum typicum in the
variant with Dryopteris austriaca). Oxalis acetosella, Athyrium filix-femina, and
Rubus hirtus sensu stricto, which were discussed above, were mentioned as being
among the main components of the herb layer of that community. The density of
fir trees in the forest stand at the level of 10—20%, the concave forms of the ter-
rain, which is frequently wet and favours the accumulation of vegetable mould,
make favourable conditions for the mass occurrence of Dryopteris austriaca and
in some patches also Athyrium filix-femina, which are not shadowed by the fir
from the canopy (KoBENDZzA 1939; GLAZEK, WoLAK 1991). However, this situa-
tion is opposite to the one that has been discussed in this book.

An interesting thing was that the lack of a moss layer did not make the
growth of fir new-growths any easier (their mean height was only 5.9 cm),
whereas close to a 10% share of mosses is connected with the achievement of the
highest dimensions by the fir new-growths (on average 8.3 cm in height). It is
possible that the small share of mosses raises the microretention of water in the
soil and simultaneously does not restrict the access of seedlings to soil resources,
which at this stage of development are forming the root. The presented studies
prove that there is no definite relationship: the lower the moss cover, the higher
tir new-growths. Rather, it should be acknowledged that the share of mosses in
the lowest layer of the forest has no influence on the height of fir new-growths.

Hundreds and even thousands of years are included in the time scale of for-
est dynamics, because of the longevity of trees and the duration of a full cycle
of life processes that take part in a forest. The spatial scale, in which particular
processes are realised, is still being discussed. It is possible to observe many
phenomena in the scale of a few or over a dozen ares, while others occur on
an area of hundreds or even thousands of hectares (WIENS 1989; BOTKIN 1993;
SzZwAGRzYK 1995; HOLEKSA 1998). Some phenomena of dynamics (competition)
are studied on small areas and in short study series in practice; others (like the
dispersion of diaspores, insects’ gradation, the influence of global changes on
vegetation, etc.), demand mathematical modelling (SzwaGRrzYK 1995).

The present studies cover a short period of observations and a small area,
however, their results are comparable with studies done by other researchers
who work on larger areas and conduct their observations over a longer period
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of time. The results of these studies give a positive answer to the question con-
nected with the persistence of the phytocoenoses of the Abietetum albae associa-
tion in the central part of the Cracow-Czestochowa Upland. This is confirmed
by the structure and dynamics of the regeneration of that association (despite the
small number of up-growths), as well as by the biological features of fir, which is
distinctly shadow-tolerant, and therefore the future regeneration potential of the
entire phytocoenose can be hidden in the herb layer of the forest as new-growths.

In a similar context, the question under consideration can reveal the state
of maintenance and the development tendencies of the upland mixed conifer-
ous fir forest on the entire range of its occurrence in Poland. When consider-
ing the data from recent literature (Swigs 1985; Macicka, WILCZYNSKA 1990;
GrAZEK, WOLAK 1991; IZDEBSKI et al. 1992; FIJALKOWSKI 1993; MACICKA-PAWLIK,
WILCZYNSKA 1995; STACHURSKA 1998; MARCINIUK, WIERZBA 2004; RUTKOWSKI
2004; MATUSZKIEWICZ J. M., KowaLskA 2007; ORzZECHOWSKI 2007), at least two
opposite trends in the dynamics of the Abietetum albae can be noticed. On the
one hand, some researchers write about the regression of the association from
localities and habitats taken, losing its characteristic features and variability,
multidirectional degeneration changes or the critical state of maintenance in
some regions (their effect is, among others, a description of new syntaxa that
have an incomplete structure and composition). On the other hand, other re-
searchers write about their good and even very good condition or very strong
regeneration processes. Both of these trends are visible in various localities of the
association in the central part of the Cracow-Cz¢stochowa Upland (see Chap-
ter 5). The rule is that the best maintained or at least well maintained (also in
the sense of dynamics) phytocoenoses of the upland mixed coniferous fir forests
or communities, which are described as evident regeneration shapes — that is,
after the previous transformation by a pine monoculture, are mainly in nature
reserves, national parks and forests that include old mother forest stands and
also in very extensively used forests that are owned by private agriculturalists. It
must be stressed that Abietetum albae is practically and successively eliminated
in places where there is intensive forest management, in particular, in the areas
that are located at heights lower than 300 m a.s.l., where the so-called “upland
site types” are not taken into consideration, and within their habitats from the
group of habitats from mixed coniferous forests or mixed woods clear-cuttings
are widely employed and then artificial regeneration, mainly by pine, is used,
e.g., Trzebnicko-Ostrzeszowskie Hills region (see BRzEG, RUTKOWSKI 2004).
Observations made in the Jurassic area, as well as results presented by many
other authors, show that the persistence and regeneration of the components of
the type of ecosystem being discussed, which is valuable and protected by the
habitat law of the Natura 2000, may be protected exclusively in the conditions
of the permanent existence of multi-generation forest stands with a domination
of fir. Only single trees may be eliminated (cut) from such a stand, and if neces-
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sary, small “fir regeneration nests” can be established in the gaps. Using larger

areas of clear-cuts is forbidden.

Fir highlights the significant dynamics of natural regeneration in the lower
layers of the forest under the conditions of sufficient shadow of forest interior
under a forest stand with its share. There is no need to artificially plant it. This
phenomenon is strongly visible even on the edges of the range of the Abietetum
albae (see DOBROWOLSKA 1998; MARCINIUK, WIERZBA 2004 — the Siedlecka
Upland; Macicka-PawLik, WILCZYNSKA 1995; BrzEG, RUTKOwskl 2004 —
Ostrzeszowskie Hills). The significant dynamics of this tree in the phytocoenoses
of the fir forest, as well as its strong regeneration tendencies in patches that were
strongly transformed in the area of Kozienice Primaeval Forest were relatively
recently described by Orzechowski (2007).

Contemporary visible transformations of the floristic composition in the
upland mixed coniferous fir forests in relation to its historical documentations
have been discussed recently. Matuszkiewicz J. M. and Kowalska (2007), as well
as Matuszkiewicz J. M. (2007) paid attention to the following phenomena and
problems:

1. The total richness of species in patches of the phytocoenoses is getting poorer
from more than 40 taxa on average to approximately 25 taxa.

2. The diversity of the forest stands is getting richer, which is manifested by the
appearance of such species as beech, birch, durmast, aspen, and rowan in pure
tir forests, which is described as “politypisation,” as opposed to “monotypisa-
tion” in the understanding of Olaczek (1974).

3. A decrease in the share of distinguishing species for the association and a rare
characteristic for the Vaccinio-Piceetea class and also some accompanying
species.

4. The loss of characteristic features of the Abietetum albae association and the
possible need to describe a new syntaxon of the basal rank for the phyto-
coenotic arrangements that actually exist.

Regarding the above-mentioned issues based on the analysis of materials
collected in the central part of the Cracow-Czestochowa Upland, the following
should be understood:

1. The phytocoenoses of the upland mixed coniferous fir forest in the study
area are rich in relation to the total floristic composition (the mean number
of taxa in one relevé amounts to 38 in a typical subassociation and 48 in
A. a. circaeetosum alpinae); this situation is rather comparable with historical
documentations from other regions of the country than the above-mentioned
contemporary trends.

2. The stands of the Jurassic fir forests that were studied are usually multi-
species, mostly with a significant domination of fir, but with a frequent
natural share of birch, beech, pine, and spruce, and rarely with an admixture
of durmast or aspen. On the study area there was no patch in the case of
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which the stand could be monotypised by the fir as the result of forest man-
agement. Instead, there was the only one patch (Table 3 rel. 18) in the case of
which the stand was build exclusively by the fir in upper and lower sublayers
and its quite high share in a herb layer provided the evidence of its natural,
self-seeding origin. The local populations of fir are always of different ages
and are differentiated according to the vertical and horizontal structure. The
probable monotypisation of a single phytocoenoses (in the deeper or closer
past) took place only in the case of the stands that were dominated by the
spruce Picea abies in the upper sublayer. Supposedly, this type of patches or
ones similar to them can be wrongly interpreted in the upland area of Poland
as the edge shapes of subboreal Querco-Piceetum W. Mat. et Polakowska 1955.
. In the case of the fir forests of the study area, it is difficult to discuss the
poorness of the group of diagnostic species of the association because of
the lack of comparable historical materials and a large enough share of this
group of species. The fact that a small (with exception of the most common)
share of species from coniferous forests that are characteristic for the Piceion
excelsae alliance and Vaccinio-Piceetea class, in particular from the Pyrolaceae
family seems to be in agreement with the opinion of Matuszkiewicz J. M.
(2007). This all-country tendency can be interpreted both as the effect of the
euthrophisation of the habitats or the withdrawal of pasturage from forests,
but also (as it seems to be) of the climatic changes that are connected with
global warming.

. It is not possible to agree with the suggestion that the characteristic features
and peculiarity of the Abietetum albae (=A. polonicum) are being lost in light
of the studies on the upland mixed coniferous fir forest that was conducted
in the central part of the Cracow-Czestochowa Upland, as well as based on
the comparison studies of the entire range of the association in Poland (see
Chapter 3.3, Table 5). Despite the changes in various regions that occurred in
the aforementioned ecosystem, it is still easy to identify it in the field (even in
cases of strong deformations differing it from the type that is caused mainly
by forest management), thanks to the floristic combination and accidental fea-
tures, such as the structure and dynamics of the stands or habitats taken into
account. From practical, substantial, and also formal (ICPN rules) reasons, the
authors of the present elaboration do not see any justification for any descrip-
tion other than the Abietetum albae Dziubaltowski 1928 syntaxonomic unit
in the association rank for submontane-upland mixed coniferous forests that
are fresh or moderately wet on mineral sites with a domination (significant
share) of fir. Undoubtedly, further studies require that such questions as the
status of the so-called boggy shapes (not present in the Jurassic area) that
are given in the literature as “Abietetum albae uliginosum,” the real range of
the association in Poland and also its full local-habitat, regional and zonal
(altitudinal) differentiation be answered.






/. Summary of results and conclusions

The aim of the present monograph was to describe the geobotanical character-
istics of the Abietetum albae association Dziubaltowski 1928 (= A. polonicum
(Dziub. 1928) Br.-Bl. et Vlieg 1939 nom. illeg.) that occurs in the area of the
central part of the Cracow-Czestochowa Upland. Particular attention was paid to:
— the differentiation and the regional specificity of the association,

— its distribution and spread in this area,

— the conditions of its occurrence,

— the state of maintenance, dynamic tendencies, and structure,

— the existing and potential threats and forms of protection.

The studies were conducted in the years 2009—2011. In total, 52 phytosocio-
logical relevés were made using the Braun-Blanquet method. After the numerical
analysis (Fig. 4 and 5), these relevés were included into two traditional analytic
tables (Tables 3 and 4). The result was the differentiation of the Abietetum albae
association in the region into two subassociations — typical (poorer) A. a. typi-
cum J. Matuszkiewicz 1977 and richer (more fertile and wet) A. a. circaeetosum
alpinae J. Matuszkiewicz 1977. The two new variants — typical and with Milium
effusum were distinguished within the typical subassociation.

There is a comparison of the collected materials with those that came from
various regions of Poland in a general table (Table 5). Therefore, in order to
find the peculiarity of the association in the Jurassic area all country mate-
rial was studied. This table compares a total of 733 phytosociological relevés
of many authors in 34 columns. Based on its content a new Jurassic regional
variety of Abietetum albae was distinguished. Its diagnostic features, as well as
any similarities and differences in relation to the other varieties such as: the
Silesian-Wielkopolska, the Subcarpathian, the Holy Cross, the Roztocze, and
the Mazovian ones have been indicated. Lists of distinguishing taxa were made
for the said varieties.

Patches of the upland mixed coniferous fir forest were hitherto identified
and documented in the central part of the Cracow-Czestochowa Upland on 11
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localities including two relevés that were made by Herezniak (1993). Ten locali-
ties are new and are spread in the majority to the south of the Pilica river. Some
of them are localities that are relatively large, namely, in the Wodaca Valley or
in the Trzyciaz Forestry. In comparison with some of the other forest associa-
tions that have been recognized in this area to date, for example, the Phyllitido-
-Aceretum Moor 1952, the Potentillo albae-Quercetum Libbert 1933 nom. invers.,
the Calamagrostio-Quercetum petraeae (Hartm. 1934) Scam. et Passarge 1959 em.
Brzeg et al. 1989 and the Calamagrostio villosae-Pinetum Staszkiewicz 1958 em.
Cabata 1989, the Abietetum albae should be acknowledged as quite recent in the
region that was studied.

The research shows the patches of the association that were studied indicate
a particular relationship with deficient weakly developed grey Luvisols that are
moderately acid, made of sandy loams or clays from various depths, which have
been deposited on deep-lying Jurassic limestones. These patches were mostly
located in the lower parts of slopes or at the bases of hills, in local valleys,
and very rarely on flat places. The phytocoenoses were documented in nature
reserves, landscape parks and in areas of Natura 2000, as well as in managed
forests and the private forests of agricultural owners.

The state of maintenance and the perspectives of the further persistence of
the Abietetum albae in the area of the central part of the Cracow-Czestochowa
Upland are quite differentiated and range from very good, through acceptable to
bad, or even critical in some localities of a small area. Tendencies of the regen-
eration of the phytocoenoses after a previous degeneration can be observed in
many places. The problem of the layered structure of fir forest patches and the
dynamics of their regeneration with a fir share were studied in detail on perma-
nent study plots [—VI, located in three main study localities — Goncerzyca in
the Wodaca Valley, Hucisko Ryczowskie, and Trzycigz. The forest stand, shrub
layer, and herb layer, were analysed with particular attention being paid to new-
-growths. The most important results are presented below.

The forest stand. Fir is the most important and most numerous species
that forms the stand on the study plots (I—VI) in the patches of the upland
mixed coniferous fir forest Abietetum albae from the central part of the Cracow-
-Czgstochowa Upland. The mean density of fir was described at a level of 375
individuals/ha, which is a high result on a supraregional scale. Abies alba reached
a mean diameter of 35 cm, which ranges from a mean 26 cm on Goncerzyca
to a mean 51 cm in Trzyciaz, depending on the locality. There is also a low and
medium class of diameters. During the phytosociological studies in other locali-
ties of the association significantly higher values of diameters were also noted.

All admixture species of the forest stand (rowan, beech, pine, birch, and
sycamore) that were found in the permanent study plots had diameters in an
incomplete range (8—9 cm) or at least in a low class of diameters (10—39 cm)
and are not competitive to the dominating fir. The exception from the state that
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was documented in the permanent study plots are the phytocoenoses that are
present in other places where the upper sublayer of the stand is dominated by
Picea abies, which is the effect of monotypisation. Moreover, in such patches the
fir reveals good dynamics in lower layers of the forest in general.

Up-growths. Twenty-three young specimens (192 individuals/ha) of fir oc-
curred in the up-growths on the area of 12 studied ares. The share of Abies alba
up-growths in the medium and higher classes of the height of the discussed layer
is a good prognostic indicator for the future, regarding the gradual reinforcement
of fir in the higher layers of the forest. However, the general numbers of fir in
the shrub layer (b) is too small to support natural regeneration in that layer.

New-growths. Eight hundred and twenty-nine individuals (34 individuals
per 1 m?on average) of Abies alba creating new-growths occurred on the area
of 24 m? (i.e. 24 squares on six study plots). This is the value that prevents the
effective regeneration of fir in that layer. The shadow tolerance of fir and its
abilities for long-term standing in a state of waiting for favourable conditions
for growth and development may become a durable protection of its resources.

The highest diversity of the height of fir new-growths occurred on perma-
nent plot II in Goncerzyca, and the lowest on permanent plot IV in Hucisko.
Fir reached the highest mean value of the height of new-growths in Goncerzy-
ca I and the lowest value in Hucisko III. The maximum differentiation of the
values the heights of the fir new-growths ranged from 2 to 19 cm. In the majority
of cases, there is lack of a statistically significant correlation between the height
of the fir new-growth and the cover of particular species of vascular plants in
the herb layer. Moreover, the cover of the moss layer has no specific influence
on the height of fir new-growths.

The maximum values of fir cover in study plots I and II in Goncerzyca
correspond to the cover of herb layer lower than 45%, while in Hucisko III, the
minimum value of the cover of fir new-growth corresponds to maximum (higher
than 60%) percentage cover of the herb layer. Between the cover of youngest
firs and the cover of the moss layer it is not possible to settle any regularity in
their relationships.

Athyrium filix-femina, Oxalis acetosella, and Rubus hirtus et pedemontanus
are accompanying species for the fir regeneration stages in new-growths on all
of the study plots. The last two species reveal a statistically important negative
correlation with the cover of Abies alba in new-growths and are not favourable
for its regeneration.

Schematic forest management is the most significant threat to the state of
maintenance and persistence of the Abietetum albae association as it was deter-
mined, based on the conducted observations and the literature data. This fact
not only reveals the area of studies, but the entire range of the Abietetum albae
association. The peculiarity of upland’s types of habitats in the schematic forest
management, especially on the upland mixed coniferous site (BMwyz) and the
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upland mixed forest site (LMwyz) was not taken into the account. Moreover,
large areas of clear-cuttings and then ploughing during the preparation of soil
planting by monocultures mainly by pine and rarely spruce (or other species like
e.g. birch, larch, or, locally, aspen) on habitats unified to mixed forest and treated
as a lowland type of site were observed. Among the relatively less important
dangers that appear only locally or for only a short period of time or to a lesser
degree, are sheep pasturage, the isolation of small patches of fir forests among
secondary forest communities, increasing touristic pressure, air pollution or
weather anomalies, as well as the grazing of ungulates. Matuszkiewicz J. M. and
Kowalska (2007) discussed the expansion of alien species (especially Impatiens
parviflora) or invasive native species, such as Calamagrostis villosa, C. epigejos,
Rubus sp. div., or Pteridium aquilinum, which usually expand after the increase
of amount of light reaching the floor in the fir forests. Their abundant growth
can significantly change the character of phytocoenoses and the conditions of
a habitat, which makes the proper regeneration of fir impossible, as well as it
can change the reduction of share of the important and valuable components
in the herb layer.

The upland mixed coniferous fir forest Abietetum albae represents a type of
habitat that is mentioned in the Natura 2000 program, and therefore its phy-
tocoenoses should be protected by law and their state of maintenance should
be improved or at least sustained at the present level. In particular, it includes
the areas taken by such forms of protection as national parks, nature reserves,
landscape parks or the Natura 2000 areas, which undoubtedly need plans of
protection. Based on the conducted studies and the observations, the following
facts and suggestions should be taken into consideration during the creation
and realisation of such plans:

1. The best maintained phytocoenoses of upland mixed coniferous fir forests,
in which the only spontaneous processes of internal dynamics happen for
a longer period of time and fir is present in all of the layers of the forest need
only passive protection (the best solution is strict protection).

2. It is best to leave the phytocoenoses in the advanced stages of regeneration out
of ingerention in order to make the natural processes of regeneration possible.

3. Patches that are somewhat strongly transformed need a directional but slow
rebuilding of the forest stands. This process consists of gradual leaving out
unwelcome species, e.g., larch, red oak, and pine that originated from mono-
cultures and the restriction of the role of admixture species such as spruce,
beech, birch, aspen or pine which originated from after-cutting seedlings,
thus providing conditions for a stronger, natural regeneration of the fir or
for partial planting of more fir specimens in each case within fenced areas.

4. Phytocoenoses that are very strongly transformed, as well as secondary forest
communities on the potential habitats of the Abietetum albae, which should
always reveal (despite the elevation a.s.l. of the given area) the upland types of
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forest sites, require significant reconstruction. The speed, range and forms of
this reconstruction should be dependent on local or regional conditions. The
process itself should include a gradual reduction (up to the final elimination)
of unwelcome species and prefer the fir (with a share of welcome admixture
species) in artificial reconstruction groups under the canopy, which will have
the character of a successively widening and/or multiplied “fir nests” that are
fenced each time.

. The so-called “management of a single tree” can be prescribed, in case of the
need to use small and dispersed cuttings in a “nest shape” to create favour-
able conditions for the first of all natural regeneration of the fir in typical
managed forests in the phytocoenoses of fir forests.

. Multi-variant managed types of the forest stands that are dependent on local
conditions, which can be included into the following scheme: Abies alba ]Jd
(1)5—8, Picea abies Sw 1—2(3), Fagus sylvatica Bk 0—1(2), Betula pendula
Brzb 0—1(2), Pinus sylvestris So 0—1(2), Quercus robur Dbs 0—1, Quercus
petraea Dbb 0—1, Populus tremula Os 0—1, where the abbreviations mean
traditional Polish abbreviations of names of species used in forestry, and
where the numbers in brackets are given for temporal regeneration stages,
not for the final stands, can be recommended.






Appendix 1

List of endangered (EN), vulnerable (VU), nearly threatened (NT) and lowest care
(LC) species found in patches of Abietetum albae in the central part of the Cracow-
-Czestochowa Upland (according to PARUSEL, URBISZ [eds.] 2012; STEBEL et al. 2012)

Actaea spicata (LC),
Amblystegium serpens (LC),
Atrichum undulatum (LC),

Brachytheciastrum velutinum (LC),

Brachythecium rutabulum (LC),
Carex pilulifera (LC),
Chamaecytisus ruthenicus (EN),
Chimaphila umbellata (NT),
Circaea alpina (VU),
Climacium dendroides (LC),
Dentaria bulbifera (LC),
Dicranella heteromalla (LC),
Dicranum scoparium (LC),
Eurhynchium angustirete (LC),
Hepatica nobilis (NT),
Herzogiella seligeri (LC),
Hylocomium splendens (LC),
Hypnum cupressiforme (LC),
Kindbergia praelonga (LC),
Leucobryum glaucum (NT),
Lophocolea heterophylla (LC),
Lycopodium annotinum (LC),
Malaxis monophyllos (VU),
Mnium hornum (LC),

Moneses uniflora (NT),
Orthilia secunda (LC),
Orthodicranum montanum (LC),
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Oxyrrhynchium hians (LC),
Plagiomnium affine (LC),
Plagiomnium undulatum (LC),
Plagiothecium curvifolium (LC),
Plagiothecium denticulatum (LC),
Plagiothecium laetum (LC),
Pleurozium schreberi (LC),
Pohlia nutans ssp. nutans (LC),
Polygonatum verticillatum (LC),
Polypodium vulgare (LC),
Polytrichiastrum formosum (LC),
Polytrichum commune (LC),
Pseudoscleropodium purum (LC),
Ptilium crista-castrensis (EN),
Rubus nessensis (NT),

Rubus pedemontanus (VU),
Sciuro-hypnum oedipodium (LC),
Thuidium tamariscinum (LC).



Appendix 2

List of geographical and proper names used in the monograph

Apennines (Apeniny),

Apolonka village (wies Apolonka),

Aspromonte Mts. (Géry Aspromonte),
Austro-Hungaria (Austro-Wegry),

Bald Mountain (£ysa Géra),

Bald Mountain Forest (Las £ysa Géra) syn. Lysa Forest (Las Lysa),
Bardzkie Mts. (Géry Bardzkie),

Barycz river (rzeka Barycz),

Beech Mount reserve (rezerwat Bukowa Géra),
Belarus (Biaforus),

Beskid Maly Mts. (Beskid Maty),

Beskid Niski Mts. (Beskid Niski),

Beskid Sadecki Mts. (Beskid Sgdecksi),

Beskid Slaski Mts. (Beskid Slgski),

Beskids (Beskidy),

Biata Przemsza river (rzeka Biala Przemsza),

Biala, town section of Bielsko (Biata, dzielnica Bielska),
Biatowieza Primaeval Forest (Puszcza Biatowieska),
Bialy Kamien Hill (wzgdrze Biaty Kamien),
Biatystok,

Bielinskie Range (Pasmo Bieliniskie),

Bielsko town (obecnie miasto Bielsko-Biata),
Bieszczady Mts. (Bieszczady),

Bisnik Rock (Skata Bisnik),

Black Forest (Czarny Las),

Bulgaria (Bulgaria),

Bystrzyckie Mts. (Gdry Bystrzyckie),

Calabria (Kalabria),

Carpathian Foothills (Pogérze Karpackie),
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Carpathian Primaeval Forest (Puszcza Karpacka),

Carpathian ranges (karpackie pasma gorskie),

Carpathians (Karpaty),

Castle Mount (Géra Zamkowa) syn. Mt. Janowski (Géra Janowskiego),

Central Europe (Europa Srodkowa),

Cieplice village (wies Cieplice),

Cieszynskie Foothills (Pogorze Cieszytiskie),

Cisowa Rock (Cisowa Skata),

Cracow (Krakéw),

Cracow Jura (Jura Krakowska),

Cracow Upland (Wyzyna Krakowska),

Cracow-Czestochowa Jura (Jura Krakowsko-Czestochowska),

Cracow-Czestochowa Upland (Wyzyna Krakowsko-Czestochowska),

Cracow-Silesian Upland (Wyzyna Slgsko-Krakowska),

Cracow-Wielun Upland (Wyzyna Krakowsko-Wielutiska),

Czestochowa,

Czestochowa-Kielce climatic district (czestochowsko-kielecki okreg klimatyczny),

Dark Cave (Grota Ciemna),

Debcezyna village (wies Debczyna),

Dlubnia Landscape Park (Diubniatiski Park Krajobrazowy),

Dtuzec village (wies Dhuzec),

Domiarki village (wies Domiarki),

Dziadéwki Forestry (Lesnictwo Dziadéwki),

Dziadéwki village (wies Dziadowki),

Eagles’ Nests Landscape Park (Park Krajobrazowy Orlich Gniazd),

Fir Primaeval Forest (Puszcza Jodltowa),

Foxy Mountain (Lisia Géra),

Galicia (Galicja),

Gdansk,

Giebto Settlement (Kolonia Gieblo),

Glanow village (wies Glanéw),

Goncerzyca Rock (Skata Goncerzyca),

Goncerzyca Rock, Strzegowa Poduchowne village (Skata Goncerzyca, wies Strzegowa
Poduchowne),

Gorce Mts. (Gorce),

Grey Oak Wood (Las Siwa Dgbréwka),

Grodzisko Chtopskie Hill (wzgdrze ostaricowe Grodzisko Chiopskie),

Grodzisko Panskie Hill (wzgdrze ostaricowe Grodzisko Pariskie),

High Bieszczady Mts. (Bieszczady Wysokie),

Holy Cross Mts. (Géry Swigtokrzyskie),

Holy Cross National Park (Swigtokrzyski Park Narodowy),

Holy Cross region (region Swigtokrzyski),

Holy Cross variety (odmiana $wietokrzyska),

Hucisko Ryczowskie village (wies Hucisko Ryczowskie),

Italian Alps (Alpy Wioskie),
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Italy (Wtochy),

Jangrot village (wies Jangrot),

Janow town (miasto Janéw),

Januszkowa Mountain (Januszkowa Géra),

Jaroszowiec village (wies Jaroszowiec),

Jata Forestry (Lesnictwo Jata),

Jata reserve (rezerwat Jata),

Jeleniowskie Range (Pasmo Jeleniowskie),

Jurassic area (Jura),

Jurassic geographic varieties (jurajskie odmiany geograficzne),
Jurassic limestones (wapienie jurajskie),

Jurassic region (region Jurajski),

Jurrasic variety (odmiana jurajska),

Kaliszak reserve (rezerwat Kaliszak),

Kamien reserve (rezerwat Kamiert),

Karlin village (wies Karlin),

Katowice,

Kapiele Wielkie village (wies Kgpiele Wielkie),

Kielce,

Kietkowice nad Dotami village (wies Kietkowice nad Dotami),
Kleszczowa village (wies Kleszczowa),

Kleszczowski Forest (Kleszczowski Las),

Klonowskie Range (Pasmo Klonowskie),

Klucze town (miasto Klucze),

Kocikowa village (wies Kocikowa),

Kolonia nad Dotami, Zawiercie quarter (Kolonia nad Dotami, dzielnica Zawiercia),
Kotomyja town (miasto Kofomyja),

Kosmotéw village (wies Kosmotow),

Kozienice Primaeval Forest (Puszcza Kozienicka),

Krakéw,

Kroczyce town (miasto Kroczyce),

Kusieta village near Olsztyn (wies Kusigta koto Olsztyna),
Kwaéniow Gorny village (wies Kwasniéw Gorny),

Landscape Park of the Eagles’ Nests (Park Krajobrazowy Orlich Gniazd),
Low Bieszczady Mts. (Bieszczady Niskie),

Lublin region (Lubelszczyzna),

Lublin,

Luminous Mountain (Jasna Géra),

Lédzkie Upland (Powyze Lodzkie),

Lédz,

Lysa Forest (Las Lysa) syn. Bald Mountain Forest (Las Lysa Géra),
Lysica Hill (wzgdrze Lysica),

Lysogory Range (Pasmo Lysogor),

Magura National Park (Magurski Park Narodowy),
Malopolska Upland (Wyzyna Matopolska),
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Matopolska,

Mazovia (Mazowsze),

Mazovian variety (odmiana mazowiecka),

Michatowiec Forest (Las Michatowiec),

Michalowiec reserve (rezerwat Michatowiec),

Michaléwka village (wies Michatéwka),

Miechéw Upland (Wyzyna Miechowska),

Morusy village (wies Morusy),

Mstéw town (miasto Mstéw),

Mt. Babia (Babia Géra),

Mt. Janowski (Gdra Janowskiego) syn. Castle Mount (Géra Zamkowa),

Mt. Lysica (Géra Lysica),

Mt. Pilsko (Pilsko),

Mt. Rzgsowy (Géra Rzasowy) syn. Rzasowy Rock (Skala Rzgsowy),

Nida Basin (Niecka Nidziariska),

Ogrodzieniec town (miasto Ogrodzieniec),

Ojcow National Park (Ojcowski Park Narodowy),

Ojcow Valley (Dolina Ojcowska),

Oles$nicka Plateau (Réwnina Olesnicka),

Olkusz town (miasto Olkusz),

Olsztyn near Czestochowa (Olsztyn kofo Czestochowy) syn. Olsztyn town (miasto Ol-
sztyn),

Olsztyn Refuge (Ostoja Olsztyriska),

Olsztyn town (miasto Olsztyn) syn. Olsztyn near Czgstochowa (Olsztyn koto Czestochowy),

Opole Silesia (Slgsk Opolski),

Ostrzeszowskie Hills (Wzgérza Ostrzeszowskie),

Parkowe (rezerwat Parkowe),

Pazurek reserve (rezerwat Pazurek),

Pazurek village (wies Pazurek),

Pieniny Mts. (Pieniny),

Pilica river (rzeka Pilica),

Pilica town (miasto Pilica),

Podduchowne Settlement (osada Podduchowne),

Podhale,

Podlesice village (wies Podlesice),

Podlesie village (wies Podlesie),

Pokucie,

Poland (Polska),

Polica Range (Pasmo Policy),

Polish Carpathians (Karpaty Polskie),

Polish Jura (Jura Polska),

Poreba Dzierzna village (wies Poreba Dzierzna),

Poreba Forestry (Lesnictwo Poreba),

Poznan,

Prussia (Prusy),
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Przemyskie Foothills (Pogdrze Przemyskie),

Przemysd],

Pyrenees (Pireneje),

Rabsztyn village (wies Rabsztyn),

Redziny village (wies Redziny),

Roztocze,

Roztocze National Park (Roztoczatiski Park Narodowy),

Roztocze variety (odmiana roztoczariska),

Ryczéw Settlement (Kolonia Ryczéw),

Ryczéw village (wies Ryczéw),

Ryczowek village (wies Ryczéwek),

Rzasowy Rock (Skata Rzgsowy) Mt. Rzasowy (Gora Rzasowy),

San river (rzeka San),

Settlement over the Holes (Kolonia nad Dotami),

Siedlce area (Siedlecczyzna),

Siedlecka Upland (Wysoczyzna Siedlecka),

Silesia (Slgsk),

Silesian Upland (Wyzyna Slgska),

Silesian-Wielkopolska variety (odmiana slgsko-wielkopolska),

Smolen Forestry (Lesnictwo Smoler),

Smolen village (wies Smoleit),

Sokole Mts. reserve (rezerwat Sokole Gory),

Sota river (rzeka Sofa),

Stara Planina (pasmo gorskie Stara Planina),

Stare Kietkowice village (wies Stare Kietkowice),

State Forests (Lasy Paristwowe),

Strzegowa Poduchowne village (wie$ Strzegowa Poduchowne),

Strzegowa Poduchowne village, Goncerzyca Rock, (wies Strzegowa Poduchowne, Skata
Goncerzyca),

Strzegowa village (wies Strzegowa),

Strzyzowskie Foothills (Pogorze Strzyzowskie),

sub-Carpathian local shape (podkarpacka postac lokalna),

Subcarpathian variety (odmiana podkarpacka),

sub-Holy Cross local shape (swigtokrzyska postaé lokalna),

sub-Roztocze local shape (roztoczatiska postaé lokalna),

Sudetes (Sudety),

Suloszowa village (wies Sutoszowa),

Szczecin,

Table Mts. (Géry Stotowe),

Tatras (Tatry),

Tisovik reserve (rezerwat Cisownik),

Topor Forestry (Lesnictwo Topor),

Towarne Mts. (Géry Towarne),

Troks village (wies Troks),

Trzebnickie Hills (Wzgdrza Trzebnickie),
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Trzebnicko-Ostrzeszowskie Hills (Wzgdrza Trzebnicko-Ostrzeszowskie),
Trzyciaz Forestry (Lesnictwo Trzycigz),

Trzyciaz Inspectorate (Nadlesnictwo Trzycigz),
Trzyciaz village (wies Trzycigz),

Udorz village (wies Udérz),

Ukraine (Ukraina),

Upper Jurassic quest (kuesta gornojurajska),

Upper Silesian Industrial District (Gornoslgski Okreg Przemystowy),
Warszawa,

Warta river (rzeka Warta),

Western Bieszczady Mts. (Bieszczady Zachodnie),
Western Carpathians (Karpaty Zachodnie),
Western Galicia (Galicja Zachodnia),

White Stone Settlement (Kolonia Biaty Kamier),
Wielickie Foothills (Pogdrze Wielickie),
Wielkopolska,

Wielun Upland (Wyzyna Wieluriska),

Wiercica River Valley (Dolina Wiercicy),
Wilkowska Valley (Dolina Wilkowska),

Wodaca River Valley (Dolina Wodgca),

Wodaca Valley (Dolina Wodgca),

Wola Kocikowa village (wies Wola Kocikowa),
Wolbrom town (miasto Wolbrom),

Wroclaw,

Zabagnie forest complex (kompleks lesny Zabagnie),
Zabagnie village (wies Zabagnie),

Zagorowa village (wies Zagorowa),

Zawiercie town (miasto Zawiercie),

Zoty Potok Inspectorate (Nadlesnictwo Ztoty Potok),
ZYoty Potok town (miasto Ztoty Potok),

Zlozeniec village (wies Zlozeniec),

Zubowa Rock (Zubowa Skata),

Zarki town (miasto Zarki),

Zelazko village (wies Zelazko),

Zywiec region (region Zywiecki).
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8—9 cm)

. The diameter distribution of fir trees in the forest stands of the Abietetum albae

in the ten-centimetre ranges (including the incomplete range of 8—9 cm)

. Number of fir trees in the forest stands of the Abietetum albae association in
the three categories of diameters (low, mean and high)

Differentiation of the mean diameter (dbh) of fir trees in the forest stand layer
(a) on the study plots [—VT in the phytocoenoses of the Abietetum albae
Diameter (dbh) distribution of rowan in the tree layer (a) of the Abietetum albae
association (including the incomplete range of 8—9 c¢cm) on study plots I—VI
Differentiation of the values of fir tree diameters in the up-growths on perma-
nent study plots [—VI

Differentiation of the mean values of the fir tree diameters in the up-growths
on permanent study plots I—VI

Differentiation of the heights of the fir up-growths on study plots (I—VI) in
particular height classes
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Differentiation of the mean heights of fir up-growths on permanent study
plots I—VI

Diameter differentiation of the rowan up-growths on study plots I—VI
Differentiation of the mean diameter values of rowan up-growths on study
plots I—VI

Height differentiation of rowan up-growths on study plots I—VI
Differentiation of the mean values of rowan height in the up-growths on per-
manent study plots I—VI

Differentiation of mean values of height of fir new-growths on study plots I—VI
Differentiation of the mean values of the heights of the fir new-growths in the
study units (24 x 1 m?squares in total)

Cover of the herb (c) and the moss (d) layers versus height of fir new-growths
on study plots I—VI

Cover of fir trees in new-growth (c) versus herb (c) and moss (d) layers
Interdependences between the cover of fir in the new-growths and the species
of vascular plants that constantly accompanied them (Rubus agg* — Rubus
hirtus et pedemontanus)

Differentiation of the mean cover of fir Abies alba and individuals of Rubus
hirtus et pedemontanus, Oxalis acetosella and Athyrium filix-femina on study
plots I—VI

Height differentiation of fir new-growths in particular types of the herb layer (c)
Cover of fir in the herb layer differentiated into the dominance types
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“A” square with the new-growth of fir in the Abietetum albae typicum —
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Tall and slim fir stand in Trzycigz (26.05.2011, phot. A. Bar¢)

Rowan up-growth in the upland mixed fir coniferous forest in Trzyciaz
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Cleared and thinned forest stand of the upland coniferous mixed fir forest in
Trzyciaz with broad-leaved species forming the shrub layer (26.05.2011, phot.
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Alicja Bar¢, Andrzej Brzeg, Aldona K. Uzigblo, Stanistaw Wika

Wyzynny jodtowy bér mieszany Abietetum albae Dziubattowski 1928
w $rodkowej czesci Wyzyny Krakowsko-Czestochowskiej

Zrdznicowanie, specyfika regionalna, struktura, dynamika i stan zachowania
Streszczenie

Celem niniejszej monografii jest geobotaniczna charakterystyka zespolu Abietetum albae Dziu-
battowski 1928 (= A. polonicum (Dziub. 1928) Br.-Bl. et Vlieg 1939 nom. illeg.), wystepujacego na
obszarze $rodkowej czgéci Wyzyny Krakowsko-Czestochowskiej. Szczegélng uwage zwrdécono na:
— zréznicowanie i specyfike regionalng zespotu,

— jego rozmieszczenie i rozpowszechnienie na tym terenie,

— warunki jego wystepowania,

— stan zachowania, tendencje dynamiczne i strukture,

— istniejace i potencjalne zagrozenia oraz formy ochrony.

Badania prowadzono w latach 2009—2011. Uzyskano obraz zréznicowania zespotu Abietetum
albae w regionie na dwa podzespoly: typowy (ubozszy) A. a. typicum J. Matuszkiewicz 1977 oraz
bogatszy (zyzniejszy i wilgotniejszy) A. a. circaeetosum alpinae J. Matuszkiewicz 1977. W ramach
podzespolu typowego wydzielono dwa nowe dla wiedzy warianty: typowy i z Milium effusum.

W celu ustalenia specyfiki badanego zespolu na Jurze poréwnano jego platy z fitocenozami
z réznych regionéw Polski, co pozwolito wyrdzni¢ nowa, jurajska odmiane regionalng Abietetum
albae. Wskazano jej cechy diagnostyczne oraz podobienstwa i réznice w stosunku do innych
odmian: §lasko-wielkopolskiej, podkarpackiej, $wietokrzyskiej, roztoczanskiej i mazowieckiej, dla
ktorych sprecyzowano listy taksondw wyrézniajacych.

Na obszarze srodkowej czesci Wyzyny Krakowsko-Czestochowskiej, uwzgledniajac dwa zdje-
cia Herezniaka (1993), platy wyzynnej jedliny zidentyfikowano i udokumentowano dotychczas
na 11 stanowiskach (w tym 10 nowych), rozmieszczonych w wigkszosci na potudnie od rzeki
Pilicy. W poréwnaniu z niektérymi innymi zespotami lesnymi dotychczas rozpoznanymi na tym
obszarze zespot ten nalezy uzna¢ za dos$¢ rozpowszechniony w badanym regionie.

Stwierdzono, ze badane platy asocjacji wykazuja szczegolne powinowactwo do gleb ptowych
wlasciwych stabo wyksztatconych niecatkowitych, umiarkowanie kwasnych, wytworzonych z glin
piaszczystych lub iléw réznej miazszosci, zdeponowanych na gleboko zalegajacych wapieniach ju-
rajskich. Platy te ulokowane byly przewaznie w nizszych partiach stokéw lub u podnézy wzgodrz,
w lokalnych dolinach, rzadziej na miejscach ptaskich. Dokumentowano je zaréwno w rezerwa-
tach przyrody, parkach krajobrazowych i obszarach Natura 2000, jak i w lasach gospodarczych
zaréwno panstwowych, jak tez prywatnych (chtopskich).

Stan zachowania i perspektywy dalszego trwania Abietetum albae na obszarze srodkowej
cze$ci Wyzyny Krakowsko-Czestochowskiej sa do§¢ zrdznicowane: od bardzo dobrego, poprzez
zadawalajacy, po zly, czy nawet krytyczny na niektérych malopowierzchniowych stanowiskach.
W wielu miejscach mozna zaobserwowa¢ tendencje do regeneracji fitocenoz po wczesniejszym
znieksztalceniu. Zagadnienie struktury warstwowej platow jedliny i dynamiki odnawiania sie
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w nich jodly szczegélowo badano na 6 powierzchniach statych (I—VI), zlokalizowanych na
trzech stanowiskach badawczych (Goncerzyca w Dolinie Wodacej, Hucisko Ryczowskie i Trzy-
cigz). Analizowano tam zaréwno drzewostan, jak i podszyt oraz runo ze szczegélnym uwzgled-
nieniem nalotéw.

Drzewostan. Na powierzchniach badawczych (I—VI) jodla jest najwazniejszym i najlicz-
niejszym gatunkiem tworzacym warstwe drzewostanu. Srednie zageszczenie jodly okreslono na
poziomie 375 osobnikéw/ha, co jest wynikiem wysokim w skali ponadregionalnej. Abies alba
osigga $rednig pier$nice 35 cm, ktora to $rednia, w zaleznoéci od stanowiska badawczego, mie-
$ci si¢ od 26 cm na Goncerzycy do 51 cm w Trzyciazu, czyli miesci sie miedzy niska a $rednia
klasg pier$nic, przy maksimum zamykajacym przedzial wartosci wysokich na poziomie 99 cm.

Wszystkie stwierdzone na stalych powierzchniach domieszkowe gatunki drzewostanu (ja-
rzab, buk, sosna, brzoza i jawor) mieszczg si¢ w niepelnym przedziale piersnic (8—9 cm) lub,
co najwyzej, w niskiej klasie pier$nic (10—39 cm) i nie stanowig konkurencji dla dominujacej
jodty. Jodta na ogél wykazuje dobra dynamike w nizszych warstwach lasu.

Podrosty. Na zbadanej powierzchni 12 aréw wystapily 23 mlode osobniki (192 osobniki/ha)
jodly w podrostach. Udzial podrostow Abies alba w srednich i wyzszych klasach wysokosci jest
dobrym prognostykiem na przyszto$¢, jesli chodzi o stopniowe zasilanie w jodle warstwy podo-
kapowej drzewostanu. Jednak ogolna ilosciowos¢ jodly w warstwie podszytu jest niewystarczajaca
dla podtrzymania naturalnego odnowienia.

Naloty. Na powierzchni 24 m? czyli 24 kwadratéw na szesciu powierzchniach badawczych
wystepuje 829 osobnikéw ($rednio 34 osobniki na 1 m?) Abies alba tworzacych naloty. Jest to
warto$¢ zapewniajaca skuteczne jej odnowienie w tej warstwie, a dzigki cieniozno$nosci jodly
i jej zdolnosci do diugotrwalego przebywania w stanie oczekiwania na sprzyjajace warunki
wzrostu i rozwoju moze stanowié trwale zabezpieczenie jej zasobow.

W wiekszoéci przypadkéw brak istotnej statystycznie korelacji pomiedzy wysokoscia i po-
kryciem nalotu jodfowego a pokryciem poszczegélnych gatunkéw roslin naczyniowych runa.
Rowniez pokrycie warstwy mszystej nie ma okreslonego wplywu na wysoko$¢ nalotu jodtowe-
go. Athyrium filix-femina, Oxalis acetosella i Rubus hirtus et pedemontanus to gatunki, ktére na
wszystkich powierzchniach badawczych towarzysza odnowieniom jodly w nalotach. Dwa ostat-
nie z nich wykazujg statystycznie istotna, ujemng korelacje z pokryciem Abies alba w nalotach
i ewidentnie nie sprzyjaja jej odnowieniu.

Na podstawie przeprowadzonych obserwacji, jak i danych literaturowych mozna stwierdzi¢,
ze najpowazniejszym zagrozeniem dla stanu, jak i samego istnienia zespolu Abietetum albae nie
tylko na obszarze badan, ale na jego calym obszarze zasieggowym, jest schematyczna gospodarka
lesna, nieuwzgledniajaca specyfiki wyzynnych typéw siedliskowych lasu, a polegajaca na stoso-
waniu wielkopowierzchniowych zreboéw zupelnych i po przygotowaniu gleby (orce) zakladaniu
monokultur gléwnie sosnowych, rzadziej $wierkowych (albo tez innych, np. brzozowych, mo-
drzewiowych czy lokalnie topolowych) na siedliskach klasyfikowanych do boru/lasu mieszanego,
traktowanego jako typ nizinny. Do zdecydowanie mniej istotnych zagrozen, pojawiajacych si¢
tylko lokalnie, krétkotrwale badz w malym natezeniach, zaliczy¢ mozna m.in.: wypas owiec, izo-
lacje malopowierzchniowych platéw jedliny wsrdéd lesnych zbiorowisk zastepczych, zwigkszajacy
sie ruch turystyczny, skazenie atmosfery czy anomalie pogodowe, a takze zerowanie zwierzyny
plowej. Zwraca si¢ tez uwage (MATUSZKIEWICZ J. M., KowaLska 2007) na rozprzestrzenienie si¢
w jedlinach gatunkéw obcych (w szczegdlnosci Impatiens parviflora), badz inwazyjnych gatun-
kéw rodzimych, np. Calamagrostis villosa, C. epigejos, Rubus sp. div. czy Pteridium aquilinum,
nastepujace zwykle w efekcie prze$wietlenia drzewostanu. Ich rozrost moze znaczaco zmienia¢
charakter fitocenoz i warunki siedliskowe, uniemozliwiajagc m.in. odnawianie si¢ jodly i powo-
dowa¢ redukcje udzialu waznych oraz cennych komponentéw runa lesnego.
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Wyzynny jodlowy bor mieszany Abietetum albae jest typem siedliska przyrodniczego w pro-
gramie Natura 2000 i z tego tytulu jego fitocenozy powinny podlega¢ prawnej ochronie, a ich
stan zachowania nalezy badz poprawiaé, badz tez przynajmniej utrzymywaé. W szczegoélnosci
dotyczy to terenéw objetych takimi formami ochrony, jak: park narodowy, rezerwat przyrody,
park krajobrazowy czy obszar Natura 2000, dla ktorych konieczne jest okresowe opracowywanie
planéw ochrony. Na podstawie przeprowadzonych badan i obserwacji mozna stwierdzi¢ naste-
pujace fakty i przestanki, ktére powinny by¢ brane pod uwage podczas tworzenia i realizacji
takich planéw:

— najlepiej zachowane fitocenozy jedliny wyzynnej, w ktorych od dluzszego czasu zachodza
jedynie spontaniczne procesy wewnetrznej dynamiki, a jodfa jest obecna we wszystkich war-
stwach lasu, wymagaja jedynie biernej ochrony zachowawczej (najlepiej $cislej);

— fitocenozy znajdujace si¢ w zaawansowanych stadiach regeneracji takze najlepiej pozostawia¢
bez ingerencji, umozliwiajac dalsza realizacje zachodzacych w nich naturalnych proceséw;

— platy silniej znieksztalcone wymagaja kierunkowej, ale powolnej przebudowy drzewostanéw,
polegajacej na stopniowym usuwaniu gatunkéw niepozadanych (np. modrzewia, debu czer-
wonego, sosny pochodzacej z monokultur) oraz ograniczaniu roli gatunkéw domieszkowych
(Swierka, buka, brzozy brodawkowatej, osiki czy tez sosny wywodzacej si¢ z pozrebowych
samosiewdw), tworzac warunki do silniejszego naturalnego odnawiania si¢ jodly albo tez jej
cze$ciowego dosadzania, w kazdym przypadku na powierzchniach grodzonych;

— fitocenozy skrajnie silnie przeksztalcane oraz lesne zbiorowiska zastgpcze na siedliskach Abie-
tetum albae, ktére powinny odpowiadaé zawsze (bez wzgledu na wyniesienie danego terenu
nad poziom morza) wyzynnym typom siedliskowym lasu, wymagaja znaczacej przebudowy,
ktérej tempo, zakres i formy uzaleznione powinny by¢ od warunkéw lokalnych badz re-
gionalnych, a ktéra powinna polega¢ na stopniowej redukcji (az do ostatecznej eliminacji)
gatunkow niepozadanych, a preferowaniu jodly (z udzialem pozadanych gatunkéw domiesz-
kowych) w sztucznych odnowieniach podokapowych o charakterze sukcesywnie poszerzanych
i/lub pomnazanych gniazd, kazdorazowo grodzonych;

— w typowych lasach gospodarczych w fitocenozach jedlin zaleci¢ mozna tzw. gospodarke po-
jedynczym drzewem, ewentualnie stosowanie drobnych i rozproszonych rebni gniazdowych,
przy stwarzaniu warunkéw do przede wszystkim naturalnego odnawiania jodly;

— proponowa¢ mozna wielowariantowe, uzaleznione od lokalnych warunkéw, gospodarcze typy
drzewostanéw mieszczace sie w nastepujagcym schemacie: Jd (1)5—8, Sw 1—2(3), Bk 0—1(2),
Brzb 0—1(2), So 0—I1(2), Dbs 0—1, Dbb 0—1, Os 0—1, gdzie cyfry w nawiasach podane s3
dla czasowych stadidw regeneracyjnych, a nie drzewostanéw docelowych.






Amust Bapy, Aumxkeit bker, Anpgona K. Y3em6r10, Cranncinas Buka

BbICOTHbIN MUXTOBBLIN CMeLLaHHbIN Bop Abietetum albae [306antoBckuii 1928
B LeHTpanbHon Yactn KpakoBCKO-YeHCTOXOBCKOW BO3BbILLIEHHOCTH
OnddepeHumaums, permoHansHasa cneunduka, CTpPyKTypa, AnHamuka

N CTeneHb COXPaHHOCTU

PesomMme

Ilenp HacTosAlelt MOHOrpaduyu — TreobOTaHMYECKas XapaKTepucTyka accoumanuu Abietetum
albae Jzo6antoBckuit 1928 (= A. polonicum (Dziub. 1928) Br.-Bl. et Vlieg 1939 nom. illeg.),
BBICTYIAIOLIEl B LIEHTPaIbHON dacTy KpakoBcko-UeHCTOXOBCKOII BO3BBIEHHOCTH. OcOo6eHHO
HOAPOOHO M3yYa/InCh:

— nuddepeHnnanya U pernoHaabHasA ClerpyKa accolyauu,

— e€ pasMellleHNe U PaclpOCTPaHeHNe Ha JAHHON TePPUTOPUM,

— ycnoBus €€ CylleCTBOBaHMUs,

— CTeleHb COXPAHHOCTM, JUHAMMKA M CTPYKTypa,

— peasIbHbIe ) IOTEHIMAIbHbIe YTPO3bl, @ TakKe HOPMbI 3aINUTHL.

ViccnenoBanust Bemch B 2009—2011 rr. Bputa monydeHa kaptuHa panddepeHumanmnm
accormanuu Abietetum albae B permone Ha fBe cybaccorpanuu: tumudHoi (6omee 6emHOI)
A. a. typicum SI. Matyuikesud 1977 t., a Taxxe 6oee 6oratoit (6omee IIOJOPOTHON U BIaXKHOI!)
A. a. circaeetosum alpinae §I. Maryumkesud 1977 1. B pamkax TummyHoi cybaccoryaruu 6bUin
BBIfje/IeHbl IBA HOBBIX [L1 HAyKM BapMaHTa: THUNNYHBIL u ¢ Milium effusum.

JIia Toro 4TOOBI OIpenenMTDb CrerpuKy McCIenyeMoit acconuaruu Ha Kpakoscko-YeHcro-
XOBCKOJ1 BO3BBIIICHHOCTY, aBTOPbl CPAaBHVBAMM €€ YJacTKM C (UTOLCHO3aMM U3 PasTNIHBIX
peryoHoB Ilomplim, YTO MO3BOMMIO BBILEMTL HOBBIN, IOPCKMIL, PETMOHAJIbHBII copT Abietetum
albae. Bputn yKasaHBI €rO AMATHOCTIYECKVE XapAKTEPUCTUKIL, a TaKKe CXONCTBA M PAs/IMYNs 110
CPaBHEHMIO C JIPYTMMU COPTaMM: CUJIE3CKO-BENMKOIOAbCKIM, MOAKAPIATCKUM, CBEHTOKIUVCKNM,
PO3TOYAHCKMM M MA30BELKUM, /I KOTOPBIX OBUIM YTOUHEHBI CHVMCKU OTIMYMTETHBIX TAKCOHOB.

Ha rteppurtopun nentpanpHoil 9acTu KpakoBcko-YeHCTOXOBCKOI BO3BBIIIEHHOCTH, C y4é-
TOM JIBYX CHMMKOB XepesbHsAKa (1993), y4acTKy BO3BBILICHHOI NMXTHI 10 CUX IOP ObUIM V[EH-
TUGVUIVMPOBAHbI U JOKYMEHTUpPOBaHEI B 11 mMyHKTax (B TOM unmcie 10 HOBBIX), PasMeIEHHBIX 1O
6ompureit yacTu K ory oT peku ITmmna. ITo cpaBHEHMIO ¢ HEKOTOPBIMM JPYTMMM M3BECTHBIMU
B HACTOsAIee BpeMs JTeCHBIMMU acCOIMALMAMMY, JAHHYIO aCCOIMAIIUI0 CIeflyeT CYMTATh JJOBOTbHO
PacIpOCTpaHEHHOI B JAHHOM peTMOHE.

BBIIO YCTAaHOB/IEHO, UTO VICCHIEyeMble IUTACThI aCCOIMALVIL IPOABIIAIOT 0COOGHHOE POICTBO
C COOCTBEHHO OypbIMIM CTabOPasBUTHIMI YMEPEHHO KMCIBIMU HMOYBaMM, 0Opa3soBaBIIMMMUCA U3
IeCYaHbIX IIMH (CYIIMHKOB) JWIM WIOB PA3IMYHON TOJIIIM, PACIIONOXKEHHBIX Ha ITYOMHHBIX
IOPCKIX M3BECTKOBBIX 3ajexax. [laHHbIe IUIACTBI Pa3MELAINCh 110 OOJIbIIell YacT! B HYDKHMX
YaCTAX CK/IOHOB WM Y MOJHOXbS BO3BBINIEHHOCTEN, B JIOKA/TbHBIX JIO/IMHAX, PeXe B IIOCKUX
MecTHOCTsAX. OHM ObUIM 3aJOKYMEHTUPOBAHBI KaK B IMIPUPOFHBIX 3aIOBEIHNKAX, HAI[IOHAIbHBIX
napkax u reppuropusax «Hatypa 2000», Tak U B JIECHBIX XO34JICTBaX — KaK IOCY[JapCTBEHHBDIX,
TaK M YacTHBIX.
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CoOXpaHHOCTb U IEPCIEKTUBBI JajIbHEIero cyuectsosanus Abietetum albae B 1eHTpab-
Hoit vactu KpakoBcko-UeHCTOXOBCKOI BO3BBIMIEHHOCTH [OBOJIBHO CUMIBHO Aud¢epeHnnposa-
HBI: OT OYeHb XOpOIIeil [0 yHOBIETBOPUTENbHON U IIIOXOM MIM HaXke KPUTMYECKON Ha HeKo-
TOPBIX HEOONBIINX OTpe3Kax. Ha MHOIMX TeppUTOPUAX OTMEYAETCs TEHJEHLMA K pereHepanymn
buTOLEeHO30B IIOC/Ie MPOM3OLIEAIINX paHee AedopMarii. Bompoc MOCIONHOM CTPYKTYpbI
MUXTOBBIX IIACTOB ¥ AMHAMUKIU pereHepariuy MOfpPOOHO MCCIefoBaH Ha LIECTV MOCTOSHHBIX
nosepxHocTAX (I—VI), oKamM30BaHHBIX Ha TPEX mccaenoBarenpckux 6asax (Tonuexnna B Jo-
nvHe Boponueit, Xyuncko PeraoBcke n Tumuénx). Bpin npoaHanusmpoBaH Kak JpeBOCTON, TaK
U HOJJIECOK, @ TAK>Ke PACTUTETIbHBI [IOKPOB jIeCa ¢ OCOOBIM YIETOM CESHI[EB U MOJOABIX IHUXT,
JocTUrammux He 6omee yem 49.9 cm.

I pesocroit. Ha nccienyemsix moBepxHocTsax (I—VI) muxra sABIsSeTCS BaXKHEIILIeH M caMoit
PacnpoCTpaHEHHOI TOPOMION, COCTaBJIAOIIel ApeBOCcTO. CpelHIOn IIOTHOCTb IMUXTBI aBTOPBI
OLIEHN/IV Ha YPOBHe 375 eAMHNII/Ta, YTO MOXKHO CUMTATh BHICOKMM Pe3yIbTaTOM II0 PErMOHANTbHOM
wikane. Abies alba pocturaer cpenHero muamerpa 35 CM, KOTOPBIiT, B 3aBUCUMOCTH OT PACIIONOXKe-
HIA VICC/IENOBATENbCKOI 6asbl, MOXKeT KonebaTbcst oT 26 ¢cM Ha [oHnexunue 1o 51 cMm B Tmmuénxke,
T. €. HaXOIUTCA MEXKAY HU3KUM M CPEHMM KIacCOM [MaMeTPOB IPM MakcuMmyMme 99 cM.

JTnameTp Bcex 0OHApY>KeHHBIX Ha MCCIEAYeMbIX IIOBEPXHOCTAX IIpUMeceil IPYTUX Mopox (pA-
6uHa, OyK, cocHa, 6epésa u sBOp) Konebnercss B MHTEpBaae 8—9 cM WM Kak MaKCUMYM B HU3KOM
Kmacce anaMeTpoB 10—39 cM, YTO He IpefcTaB/sAeT KOHKYPEHLMM I JOMUHMPYIOIEN MUXTHI.
[InxTa B LI€/IOM AE€MOHCTPUPYET NONOKUTENbHYI0 NMHAMUKY B HIDKHUX fApycax jeca.

Cnoit nopgpocroB. Ha nccnenyemort moBepxXHOCTM 12 COTOK 3aMKCHPOBAHO 23 MOJOJBIX
akseMiurapa (192 sksemiisipa/ra) nuxTel B nogpocrax (0.5 M u Bblie, HO He 6ortee 4eM 7.99 M).
JHons noppocros Abies alba B cpemHeit 1 BBICOKOM KIaccax BBICOTBI MMO3BOJISET [€IaTh IIOJIO-
JKUTeNbHbIe IPOTHO3bI Ha OyAyllee, ecy pedb MAET O MOCTEIIEHHOM PaclpOCTPAHEHUM MUXTBI
B IIOAKPOHHOM spyce ApeBocTos. OnHako oflee KOMMYECTBO MMXTHI B CI0€ ITIOAJIECKA HENO-
CTATOYHO M/IsI MOAfIEPXKaHNUA eCTeCTBEHHOTO BO30OHOB/IEHNIS.

Ci10i11 CesTHIIEB M CaMbIX MOTOABIX MNXT (He Bbire ueM 49.9 cm). Ha nmoBepxuoctu 24 M?, T.e.
24 KBafipaTOB Ha IIECTH MCCIIEYEMbIX TIOBEPXHOCTSX, OTMeYaeTcsi 829 9K3eMIULIPOB (B CpefHeM
34 sxsemmsipa Ha 1 M%) Abies alba, co3paromux JaHHbI CI0/. DTO KOMMYECTBO obecriednBaer
a¢ddexTuBHOE BO30OHOB/IEHNUE, a O/MarofapsA TEHEYCTONYMBOCTM IMXTHI M CIIOCOOHOCTHM IIpe-
ObIBaTh IPOZO/DKMUTENIBHOE BpeMs B COCTOSHUU OXKUJAHUS MOAXOAAIINX YCTIOBUII pOCTa U pas-
BUTUSL MOXKET CIY)XUTh TapaHTHell BO3OOHOB/IEHNsI €€ 3aIacoB.

B 60/MBIIMHCTBE CTydYaeB OTMEYAeTCsl OTCYTCTBME CTATUCTUYECKI CYIECTBEHHO KOPpess-
LMM MEXJY BBICOTOI M NOKPBITMEM IMXTOBBIX CEAHIIEB ¥ CaMBIX MOJIOAbIX NMUXT (BBICOTON He
npocruraroiux 0.5 M) 1 TIOKPBITHEM OT/EIbHBIX BUIOB PACTEHMII, COCTAB/LIOLNX PACTUTENbHbII
nokpoB ieca. C/10il MXa TakKe He OKa3bIBaeT ONPENEEHHOTO BIMAHMA Ha BBICOTY IUXTO-
BBIX CesHIIEB U CaMBIX MOJNOABIX HUXT. Athyrium filix-femina, Oxalis acetosella w Rubus hirtus
et pedemontanus — 3TO BUJBI, KOTOpPble Ha BCEX MCCIENYEMbBIX IOBEPXHOCTAX COIYTCTBYIOT
pereHepaumy MUXTHI B C/I0Oe CeSAHILIEB M CaMbIX MOJIOfBIX NMXT. JIBa IOC/IEIHUX AEMOHCTpPU-
PYIOT CTaTHCTMYECKM CYLIECTBEHHYIO OTPHUIATENbHYIO KOppe/Liuuio ¢ ImokpoiteM Abies alba
B BBIIIEHA3BAaHHOM CJIO€ 1, YTO OYEBUJIHO, HE CIIOCOOCTBYIOT pereHepariy IMXTHL.

Ha ocHoBaHuM IpOBeNEHHBIX HAOMIONEHMI, a TAaK)XXe AaHHBIX CIeLMaIbHON JIUTEpPaTypHl,
MOXXHO YTBEpPXK/JaTh, YTO CaMOJl CepPbE3HON ONACHOCTBIO /I COCTOSHNSA, a TAaKKe /IS CaMOTro
cymiecTBoBaHMs accounmarjuu Abietetum albae He TONBKO Ha MCCIERYEMOIl YaCTH TEPPUTOPUN, HO
” Ha Bcell e€ MPOTHKEHHOCTH, ABAETCA CXeMaTMJIecKoe JTeCHOe XO03AMCTBOBaHIE, He YIMThIBA-
folee crennyUKy BHICOTHBIX TUIOB 6MOTONA M IpMMEHsoIee MacuITabHble BEIPYOKM C IIOCTIe-
IylolLell TTOATOTOBKOII OYBBHI (BCIAIIKe) K BHICAXKMBAHMIO MOHOKY/IBTYD, [TTAaBHBIM 00pa3oM, Co-
CHOBBIX, pe)ke eJIOBBIX (VI TaKKe LPYTUX, HarmpumMep 6epésoBblX, IMCTBEHHBIX M1M60, TOKATbHO,
TOIIOJIEBBIX) B 6MOTONAX, KMaccuUUMpPyeMbIX KaK 60p/CMeILIaHHbI /leC ¥ OTHOCAIIMXCA K HU-
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3MHHOMY TuIly 6yortoma. K ropasmo MeHee CYIIeCTBEHHBIM YIpO3aM, HOSBJIAIOMINMCA TOTBKO

JIOKa/IbPHO, KPAaTKOBPEMEHHO MU C HeOOJBIION CU/ION BO3JEICTBISI, MOXKHO IPUYNCIATD: BHITOH

OBell, M30/IALMI0 HeOGOIbUINX YYaCTKOB HMXTOBBIX (PMTOLIEHO30B CPeV 3aMeIJaolIMX JIECHBIX

bNUTOLIEHO30B, YBETNUMBAIONIMIICA TYPUCTUYECKNUIT OTOK, 3arpsA3HeHMe aTMocdephl, aHOMaIUu

HOTOfBL, a TaKKe OOINafbIBaHMe fepeBa XXMBOTHbIMIU. Ob6palnaeTcs Taioke BHuMaHMe (MATYII-

KEBMY SI.M., KoBa/bcKAs 2007) Ha pacnpocCTpaHeHNe B NMXTOBBIX HACAKAEHUAX UyXKEPOTHBIX

BUOB (ocobeHHo Impatiens parviflora) vnm arpecCUBHBIX OTeYeCTBEHHBIX BUJOB, HaIpuMep

Calamagrostis villosa, C. epigejos, Rubus sp. div. wiu Pteridium aquilinum, KoTopsle, KaK Ipa-

BIJIO, TIOABJIAIOTCA B pe3y/braTe IPOPEXeHMA APeBOCTOoA. VIX paspacTaHyue MOXKET 3Ha4MTe/Ib-

HO M3MEHUTb XapakTep (UTOLIEHO30B U YC/IOBMA OMOTOIOB, NPEIATCTBYIOIIEE, B YaCTHOCTH,

pereHepauuy IMXTbI ¥ NPUBOAALIee K PENYKIUM yYaCTUSA Ba)KHBIX M LIEHHBIX KOMIIOHEHTOB

PacTUTEIBHOTO TIOKPOBaA JIeca.

BbICOTHBII IMXTOBBII CMeIlaHHbIT 60p Abietetum albae — Ttum npupomHoro 6Gmororna

B mporpamme «Harypa 2000», moaToMy ero (UTOLCHO3BI FO/DKHBI IMOJJIEXKATb IOPYUANIECKO

3allUTe, a CTeNleHb MX COXPAHHOCTY C/IeflyeT YIy4llaTb MIM IO KpailHell Mepe IOJIepXXMBATh

ero akTyampHOe cocTosiHme. OCOGEHHO 3TO KAacaeTCs TAKMX OXPAHHBIX TEPPUTOPMIL, KaK Ha-

LIVIOHA/IbHBII TapK, IPUPOJHBII 3aloBegHUK, Tepputopus «Harypa 2000», 11d KOTOPLIX He06-

XOZIIMO pa3paboTaTh BpeMeHHbIe IUTaHbI 3alMThl. Ha OCHOBaHMM IPOBENEHHBIX UCCTETOBAHMUI

U HaOMIOeHNIT MOXKHO BBICMUTH CIefyiomue (GakThl M HPefIOCHUIKM, KOTOpPble HeOOXORUMO

IPUMHUMATb BO BHUMaHME BO BpeMdA pa3paboTKM HMOJOOHBIX IIaHOB:

— JIydllle BCETO COXPAHMBIIMECSH YYaCTKM BBICOTHOJ IVXTBI, B KOTOPBIX Ha IPOTSDKEHUM MHO-
IMX JIeT IPOUCXONAT JMIIb CIOHTaHHbIE IIPOIECCHI BHYTPEHHEN AMHAMMKM, a IUXTa IpU-
CYTCTBYeT BO BCeX ApYycax Jieca, HYX/JAIOTCA JMIIb B ITACCHBHOI 3alluTe;

— (uTOLEHO3bI, HAXOANIMECAd Ha BBICOKON CTEIEHM pereHepalyu, TAaKKe JIydllle OCTAaBUTDb
6e3 BMeNIATe/NbCTB, fleflass BO3MOKHBIM [IA/IbHEIINYIO PeaqM3alyio NPOMCXOAAIMX B HUX
€CTEeCTBEHHBIX IIPOIIECCOB;

— YYacTKM, CU/IbHEE 3aTPOHYTble M3MEHEHVAMN, HYXX[JAIOTCA B HAIIPABJICHHON, HO IIOCTEIeH-
HOJI IIepeCcTpONiKe PeBOCTOA, 3aK/IIOYAIOLIENicd B IOCTENEHHOI SNIMMUHALMY HeXelaTeNlb-
HBIX IIOpOf (HampuMep NUCTBEHHUIBI, KPACHOTO Ay6a, MOHOKY/IBTYPHOII COCHBI), a TaKKe
OTpaHMYEeHUN PO/ TIPUMECH APYTUX MOpPoX (enn, 6yka, 6epésbl MOBUCION, OCHHBI U COCHBI,
BBIpAcTaolIell KaK caMOCeB IOC/Ie BBIPYOKH), UYTO B KOHEYHOM UTOTE CO3LACT YCIOBMSA LS
6071ee TITIONOTBOPHOTO €CTECTBEHHOTO BO30OHOB/IEHMA NMUXTHL. BOSMOXKHO TaKoke JIOIOTHU-
Te/IbHOE INOJCaKMBAHNUE, HO MCKIIOYNTENILHO HAa OTOPOXKEHHBIX y4acTKax;

— KpaifHe CIIbHO feOpMUPOBAaHHBIE (DUTOLIEHO3DI, @ TaKKe 3aMelialoliye TeCHble (GpUTOLeHO-
3bI B MecTax pacupoctpanenns Abietetum albae, koTopble Bcerga (B HE3aBUCUMOCTI OT BBI-
COTBI IAaHHOJI TEPPUTOPMU HaJ] YPOBHEM MODs) JJODKHBI COOTBETCTBOBATh BBICOTHBIM THUIIAM
6UOTOIIOB, TPeOYIOT 3HAUMTEIBHON HEePeCcTPONKM, TeMII, GOPMBI 1 06bEM KOTOPOII HO/KHBI
3aBJCETb OT JIOKAJIbHBIX MM PerMOHAIbHBIX ycoBuil. IlepecTpoiika JO/DKHA OCHOBBIBATHCA
Ha TIOCTEIEHHOI pefyKuyun (BIVIOTb O OKOHYATEIbHOM 9MMMMHALVIN) HEXeTaTebHBIX IO-
PO ¥ IIPeANOYTeHNM NUXTHI (IIPU YYaCTUM >KeaTeIbHbIX IpUMecell APYIuX IIOPOf) B MC-
KYCCTBEHHO BO300OHOB/IEHHBIX MOAKPOHHBIX APYCaX, MMEMOLINX XapaKTep MOC/Ie[OBATEIbHO
paclMpAeMbIX /WM YMHOXAeMBIX THE3J], KaXJ0e U3 KOTOPBIX JO/DKHO OBITb OTOPOXEHO;

— B THUINYHBIX XO3AJCTBEHHBIX /€CaX B (UTOIEHO3aX IVMXTHI MOXXHO PEKOMEHJIOBATh TaK Has.
XO3AIICTBO eIVIHIYHBIM [IePEBOM JIM BO3MOXKHOE JCIIONb30BaHME HEOOJIBIINX pPacCesHHbIX
THe3[0BBIX BBIPYOOK, IPEXK/e BCETO C Le/IbI0 CO3TAHNS €CTeCTBEHHOTO BO30OHOB/ICHIS IINXTHI;

— MOXXHO IIpeJIaraTb MHOTOBAapMaHTHBIE, 3aBUCALIME OT JIOKAJIbHBIX YCIOBMII XO3AJCTBEHHbIE
TUIIbI JIPEBOCTOEB, HAXOMAIIMXCA B pamKax cnemyromeir cxembr: Jd (1)5—8, Sw 1—2(3), Bk
0—1(2), Brzb 0—1(2), So 0—1(2), Dbs 0—1, Dbb 0—1, Os 0—1, re umdpsl B CKOOKAX TaHbI
11 BPEMEHHBIX PEreHepalVIOHHBIX CTaIMil, a He KOHEYHBIX [PeBOCTOEB.






PHOT. 1. “A” square with the new-growth of fir in the Abietetum albae typicum — Goncerzyca
(11.06.2011, phot. S. Wika)

PHOT. 2. New-growth study unit in the inner subarea of the study plot Goncerzyca (11.
phot. A. Bar¢)




Age differentiation of the upland
phot. S. Wika)

PHOT. 4. Interior of the upland mixed fir coniferous forest in Goncerzyca (11.06.2011, phot. S. Wika)
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PHOT. 6. The Abietetum albae circaecetosum alpinae — Goncerzyca (rel. 3, 08.09.2009, phot. S. Wika)




PHOT. 8. Fir new-growth and the 06.2011, phot. S. Wika)
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PHOT. 9. Fragment of the herb layer in the Abietetum albae typicum — Goncerzyca (11.06.2011,
phot. S. Wika)

PHoT. 10. Heterogenous herb layer with uneven-aged fir new-growths in Goncerzyca (11.06.2011,
phot. S. Wika)




PHor. 11. Tall and slim fir stand in Trzycigz (26.05.2011, phot. A. Bar¢)



PHOT. 12. Rowan up-growth in the upland mixed fir coniferous forest in Trzyciaz (26.05.2011,
phot. A. Bar¢)



PHoT. 13. Cleared and thinned forest stand of the upland coniferous mixed fir forest in Trzyciaz
with broad-leaved species forming the shrub layer (26.05.2011, phot. A. Bar¢)
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