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SWISSSTONE PINE (PINUSCEMBRA L.) FORESTSIN THE UKRAINIAN
CARPATHIANS CHALLENGESFOR CONSERVATION AND REGENERATION

In the upper elevations of the Ukrainian Carpa#))i&@wiss stone pine (Pinus cembra L.) exibits high
coenotic stability on relatively poor edaphic forstes, so called «Bx»or subir edatopes (see Appéndis
well as on sites that transition to the relatividia edaphic forest sites, so called «C» or subdadopes. On
these forest sites, mixed stands of Swiss storeegmd Norway spruce (Picea alba) are charactdrysedn-
siderable stratification of the stand structurepsGia the canopy occur relatively frequently aralaer clo-
sure is usually no more than 0,25 of the optinwadlghg level. This intermittent crown closure cdnites to
the regeneration and survival of the Swiss stome ggedlings and advanced regeneration.

Keywords: Carpathians, interrelation, natural regeneratidorway spruce, Swiss stone pine,
uneven-aged stands.

Introduction. Over 6300 ha of forest area with components of Swisne pine
are found in the eastern Carpathian Mountains oftéfa Ukraine (Smagluk, 1972).
The natural sites occupied by this species is aurated mostly in a small part of the
Carpathians called Horhany massif and typified brglatively high elevation, severe
climate, and large areas with extremely poor edapbnditions (steep slopes, rocky
soils, and talus slopes). The distribution of Svatsme pine occurs along an altitudinal
gradient ranging from the lowest elevation of tlaumnal growth -- approximately 800
meters above sea level (masl), to the highest -© 168sl (Milkina, 1990, Smagluk,
1969, 1972). Therefore, this species grows in ctashperately cold and boreal cold
climatic zones. The majority of forest stands avacentrated at the altitudes of 1350-
1450 masl. The majority of the forest stands haMedhwest aspect; 93 % of the Swiss
stone pine forests area is located on the Northeagiaslopes of the Ukrainian Carpa-
thians and only 7 % in the Southwest. This dematesdrthe influence of elevation, as-
pect and edaphic conditions on the distributiospEcies in this region.

In the Ukrainian Carpathians, Swiss stone pine nlbésrm pure stands or a dis-
tinct vegetation belt. Instead, it is occurs incasation with the uppermost elevational
distribution of Norway spruce (Picea abies (L.)Karforest belt and along upper tim-
berline, with bush mountain pine (Pinus mugo Tirrat the lower elevations, Norway
spruce provides the strongest competition for Swiese pine, especially on the richer
edaphic conditions, and at the higher altitudeley bush mountain pine.

For the last two centuries, Swiss stone pine hpsmenced wholesale destruction
as a result of human activities. The forest stamel® felled for their valuable wood and
intensively used as pastures, etc. (Smagluk, 18t#ko S..M., et al., 1999). At the
present time, Swiss stone pine is listed as asaeies in the Red Book of Ukraine and
has protected status. However, for its long-termseovation, the current limited distri-
bution of this species requires protection throagtive forest management practices. A
considerable area of the Ukrainian Carpathianshshiinsatisfactory natural regenera-
tion of Swiss stone pine. This has been outlinedderal literary sources (Smagluk,
1969, Stoyko S.M. et al., 1995). As mature and imaure trees fall out of the stand
through natural mortality and other disturbance, @area of the natural forests of Swiss
stone pine is constantly decreasing and is beiptaced by Norway spruce. At the
same time, insufficient study has been devotetiégorocess of natural regeneration of
Swiss stone pine in the Ukrainian Carpathians.
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Objectives and methods. The objective of the research was to determine the
growth, regeneration patterns and ecological faciffiecting the natural regeneration of
the Swiss stone in the higher altitudinal rangehef Ukrainian Carpathians. The re-
search was conducted in the forest district of ¥gfRsmolodskyy Derzhlishosp; eleva-
tional range: 1280-1400 masl) and Kedryn (Ust -@lganskyy Derzhlishosp; elevation
of 1000 masl). In the first forest district, exigyi permanent sample Plots No. 4-7, 14-
17, 20 and 30 were investigated, in the secondsfatestrict only sample Plot No. 1.
The size of the sample Plots depended on ecolofactbr gradients and ranged be-
tween 0.04-0.24 ha in size. The forest sites etialuavas done according the classifi-
cation of the P.S. Pohrebnyak (Pohrebnyak, 195%50Mav 1967; Geryshynski, 1996).

In the sample plots, the forest stands were chariaetl according to canopy
strata, species composition, growing stock, agghlediameter at breast height (of 1.3
m) and crown projection area of each tree was tesedlculate crown closure. To study
the processes of natural regeneration, 100 vegatgtiadrants X1 m were measured.
These quadrants were used to determined the numgperand height of the regenera-
tion, species composition and projected ground icovehe understory -- low brush-
herbaceous layer, and ground cover (moss and hdberach of the sample Plots. Re-
generation below two meters (2 m) in height wassifeed as understory vegetation.

The age of the young growth (seedlings and advamegeneration) was esti-
mated by whorl count. For older trees, incrememesovere extracted from healthy
trees at a height of 0.1-0.5 m above root collasak surface with corrections for the
age to reach the sample height. In the case aftrbear other defects of older
specimens, the age of trees was estimated usimgnieait borings at the same height
from the healthy part of wood. Detailed study @& tratterns of growth and regeneration
of Swiss stone pine and Norway spruce stands vealesed on the Sample Plots 14-17.
Sample Plots 14-17 were characterised by what relsex@ determined to be a «typical
form» of the stand structure and distribution ofimaxed Swiss stone pine/Norway
spruce forest stand (Table 1). The sample plotsiawated in a narrow baratross the
slope gradient with increasing soil richness atdpwltitude levels. The steepness
gradient of the slope on Sample Plots 14-16 is &4ahd 32 on sample Plot 17. The
slope exhibits a general southerly aspect. Samipke1 has different soil conditions
and was, therefore, divided into two parts: Secfida (a 5 m wide belt set aside near a
talus slope) has poorer soils and Section 14b fakle belt set aside close to the talus
slope) has a concavity with more fertile and marentd soil conditions.

The sample Plots represent the following foresésyp

* l4a - meso-hygrophilic, poor stone pine and Nors@yce bir (A);

» 14b - hygrophylic, fairly poor, stone pine and Naywspruce subir (B4);
* hygrophylic, fairly poor, stone pine and Norwayspg subir (B4);

* hygrophylic, fairly poor, stone pine and Norwaysg subir (B4);

* meso-hygrophilic, fairly rich, high elevation Noryapruce suhrud ¢

The soils on Sample Plots 14-16 consist of an acgasoddy-peat» soil type
overlaying stony parent material. Moreover, on Slanfflot 14, thissoil type is still in
early stages of soil formation. The understory @am§Ble Plots 14a and 14b is absent
while on Sample Plots areas 15-17 it is represehtedhe single specimens of the
rowan or mountain ash (Sorbus aucuparia L.) witighte up to 1,8 m, the density of
the understory canopy does not exceed 0,1.
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Sample Plot 30 (from Sections a, b, ¢, d, e) oapi level section of southern
aspect with an average slope steepness 26°. Tést feite moves towards a rich sub-
type of the Swiss stone pine-Norway spruce subgy. (Bections 30a and 30b are lo-
cated in the lower part of the plot and the renrmgrihree (Sections 30c-30e) in the up-
per portion of the plot. The overall species conitpms of the stand is 14 % Swiss stone
pine and 86% Norway spruce, with a growing stoclkur® of 392 mha‘and crown
closure of the upper canopy 0.61. The overstomgoimprised of Norway spruce with
age classes ranging from 180-260 years and 32088 and partially comprised of
Swiss stone pine, with ages in two ranges: over&@@)190-230 years. From edaphic-
orographic point of view, sections of the sampletBB0 are similar, however, in com-
position and structure of the stands, there aresiderable differences. Consequently,
on section 30c, there is a considerable part o6S®tione pine in the stand composition
while on sections 30b and 30d this species is alfsea Table 4.). The crown closure
of canopy in the various sections is unequal. featisn 30c, small gaps are typical,
while in other sections the openings are considgllailgger and more conspicuous.

Sample Plot 31 occupies a similar position appraxaty 80m east on the same
slope with a southern exposition and average sttgepness of 26°. The forest site is
classified as a hygrophyllic subir B The composition of the stand is 30% Swiss stone
pine and 70% of Norway spruce. The overstory isnkd by Norway spruce with a
range of ages between 190-340 years and Swiss giomevith range of ages between
250-350 years. In the canopy of Sample Plot Hretlare substantial openings (distrib-
uted on the slope below mature Swiss stone pies)rdhe same gaps were observed
on the Sample Plots 14b, but on the Sample Ploenii5L6 they are absent.

Sample Plots 4, 5, 6 and 7 occupy the same soutblopes below the trail that
bisects the sample area. The mean steepness slbfjes are 26°, 34°, 27° and 31°, re-
spectively. The Sample Plots represent the follgWorest sites:

* 4 — Poor subtype of hygrophillic Swiss stone pireay spruce subir
» 5— Meso-hygrophillic subtype of hygrophillic Swistone pine-Norway spruce subin)B
* 6 & 7 — Rich subtype of meso-hygrophillic Swissret@ine-Norway spruce subir4)B

The standing volume of these samples Plots was 3#8, 648 and 498 hina’,
respectively. A detailed study on Swiss stone gieed production was conducted over
a three year period on the sample Plot 1 in theorhggrophillic Swiss stone pine-
Norway spruce subir (B in the Kedryn forest massif of the Ust -Chornyans
Lishosp. Selected cone and seed characteristics i@eorded: cone size (length, width
and diameter dimensions), amount of seed, seedhtyesged dimension (length and
width) and seed viability. The stand under exammmawas uneven-aged and com-
prised of 50 % Swiss stone pine and 50% Norwaycgpriihe seed producing Swiss
stone pine trees were found in the overstory. Thges ranged from 148-169 years,
height was between 17.0-24.9 m, diameter at blesaght (1.3 m) was between 27-55
cm, and the mean volume per tree ranged betwedr2068 nf.

Results. Based on the data collected (table 1), we can lseedistribution of
species composition — Swiss stone pine was foug @m Plots 14-16 and Norway
spruce was well distributed throughout all the slengbots. In addition, on Sample Plot
14a, Norway spruce is absent in the overstory @hosy is formed solely by Swiss
stone pine). In Sample Plot 16, Swiss stone pinabsent in the understory, which
consists solely of Norway spruce. The percentag&wiss stone pine in the stand
composition decreases with the movement from tlergsd edatope to the richest (from
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Sample Plots 14a to 17) and increases the digoibutf Norway spruce until it
completely dominates the stand (Sample Plot 1@)thé overstory, the distribution of
Swiss stone pine is decreasing slowly and the Nypspauce is rapidly increasing. In
the lower strata and the understory, the processviesrsed; there is a rapid decrease of
Swiss stone pine and a gradual increase of Norwayce. On Sample Plot 15,
individual trees of silver fir (Abies alba, Millyvere found scattered throughout the
stand.

Table 1. Biometric Indicators of the Sample Plots

. . . Sample Plots
Biometric Indicators
14a 14b 15 16 17
Total stand composition 80% Pinus cembra |[66% Pinus cembra0% Pinus cembra|18% Pinus cembra100% Picea
P 20% Picea abies [34% Picea abies [60% Picea abies |82% Picea abies | abies
Overstory composition 100% Pinus cem 79% Pinus cembré&2% Pinus cembra|23% Pinus cembral00% Picea
y P 0 hﬁl% Picea abies {48% Picea abies |77% Picea abies | abies
Understory composition 66% Pinus cembra|37% Pinus cembrdl 7% Pinus cembra 100% Picea abies 100% Piceal
y P 34% Picea abies [63% Picea abies [83% Picea abies 0 abies
Stand volume (rhha?) 192 407 743 592 590
Overstory volume (rhha?) 80 277 497 459 534
Understory volume (fhha?) 112 130 246 133 56
Relation of the Picea abies over-
story and understory volume 0 0,72 118 2,65 9,52
Relation of the Pinus cembra
overstory and understory volume 1,08 4,49 5,95 ) )
Mean age of overstory (years): )
Pinus cembra / Picea abies 240/130 270/160 400/210 420/190 /110

The difference in the species composition of tygecees in the overstory and un-
derstory due to changes in edaphic conditions wammed in detail. The proportion
for the Swiss stone pine on sample Plot 14a whedaminates is close to 1, but on
sample Plots 14b and 15 where its coenotic posifomeaker, the corresponding fig.s
are 4.5 and 6.0. The proportion for Norway sprucethe Plots where it clearly
dominates Swiss stone pine was 9.5. With the thiansio the poorer edatopes and
weakening of its coenotic position, this index @ases accordingly. In general, when
comparing the Norway spruce to the Swiss stone piresach sample plot where both
species grew, the proportion is smaller for Nonspguce. The reason for this phenom-
ena is based on the shade tolerance of Norway epuhech is a much more shade-
tolerant species than Swiss stone pine.

There is a strong correlation observed betweemémsity of both overstory and
understory with changes in edaphic conditions. ®hserved minimum ratio of over-
story density to understory density (0.25) was tbumthe poorest conditions while the
maximum ratio (2,14) occurred in the best condgighable 2). During the transition
from the sample Plot 14a to 14b, the density ofSh&ss stone pine overstory increases
slightly. During the next transition to sample BId5 and 16, it decreases sharply. In
the case of the transition of Norway spruce frora sample Plot to another in the direc-
tion of increasing soll fertility, there is considble increase of the overstory density.
The following pattern is observed for age structdrthe richer the edaphic conditions, the
older the age of Swiss stone pine trees. In eattiecfample Plots, the oldest trees were repre-
sented by Swiss stone pine. The mean age of thes Stane pine trees is higher than the
Norway spruce (table 1). As the edaphic conditiom@ove the difference between the mean
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ages of Swiss stone pine and Norway spruce in@eiaseample Plot Band 14b it is about
110 years, in sample Plot 15 is approximately E3¥g; in sample Plot 16 is about 230 years.

Table 2. Crown Closure of the Canopy Strata on the Sample Plots

Storeys Species Sample Plots
14a | 14b 15 16 17
Picea abies 0 0,12 | 0,21 | 0,33 | 0,47
Overstory Pinus cembra | 0,12 | 0,14 | 0,09 | 0,03 0
Total Stand | 0,12 | 0,26 | 0,30 | 0,36 | 0,47
Piceaabies | 0,38| 0,37 | 0,41 | 0,38 | 0,22
Understory Pinus cembra | 0,10 | 0,12 | 0,03 0 0
Total Stand | 0,48 | 0,49 | 0,44 | 0,38 | 0,22
Piceaabies | 0,38| 0,49 | 0,62 | 0,71 | 0,69
Overstory and understory Pinus cembra | 0,22 | 0,25 | 0,12 | 0,03 0
Total Stand | 0,60 | 0,74 | 0,74 | 0,74 | 0,69
Ratio of overstory and understory canopy closutal Stand 025 053 068 095 214

In terms of diameter class distribution, in eacthefsample plots, the quantity of trees
of the largest diameter classes are representddmieately by Swiss stone pine tree. In the
smaller diameter classes, Norway spruce is modopi@ant as the Swiss stone pine, espe-
cially in rich soil types. With the transition fropoor to rich subtypes within the subirs (B eda-
tope), there is an observed increase in the peststiessed trees in the stand. In stands with a
high proportion of Swiss stone pine, this trenchi@e pronounced. In rich subirs, there is a
large percentage of weakened trees which alsodpedahe largest diameter classes, this does
not occur with Norway spruce. It is necessary totpaut that there are considerable differ-
ences between the species composition and thibutisin of the low shrub-herbaceous layer
and ground cover species in sample plots 14a154l6 and 17 (table 3).

Table 3. Projective ground cover of low shrub-herbaceouslayer,
moss and lichen cover on the Sample Plots (%)

: Sample Plots

Species 14 14b 15 16 17
Vaccinium myrtillus L. 23 23 25 10 15
Vaccinium vitis-idaea L. 11 8 3 <1 0
Lycopodium clavatum L. 0 0 0 5 <1
Dryopteris carthusiana ( Vill. ) H.P. Fuchs 0 0 0 1< 11
Dryopteris filix-mas (L.) Schott 0 0 0 0 1
Athyrium filix-femina (L.) Roth 0 0 0 0 1
Gymnocarpium dryopteris L. 0 0 0 0 <1
Homogyne alpina (L.) Cass. 0 0 0 0 3
Calamagrostis epigejos (L.) Roth 0 0 0 0 6
Oxalis acetosella L. 0 0 0 0 6
Carex sp. 0 0 0 0 10
Low shrub-herbaceous cover 34 31 28 16 5p
Pleurozium schreberi (Willd.) Mitt. 12 13 9 2 5
Hylocomium splendens (Hedw.) Br. eur. 10 9 5 <1 <]
Dicranum sp. 10 15 36 33 9
Polytrichum commune L. 0 0 4 14 3
Sphagnum quinquefarium (Lindb.) Warnst. 0 11 <1 <1 0
Bazzania trilobata (L.) Gray 2 7 1 1 <1
Moss cover 34 55 55 51 18
Lichen cover 2 0 0 0 0
Total ground vegetation 56 72 66 57 63

On sample Plots k4and 14b, where Swiss stone pine has a strong togrusi-
tion, the low shrub-herbaceous cover is represeatdyl by Vaccinium vitis-idaea L.
and to a lesser extent Vaccinium myrtillus L.; thess cover Polytrichum commune
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Hedw. is entirely absent. For sample Ploa {where the coenotic position of Swiss
stone pines is the strongest) the dominant growredcas the lichen Cladonia
rangiferina Webb. In sample Plot 15 (where the Swi®ne pine position is relatively
weak), the moss cover together with other mossiepas represented also by Poly-
trichum commune Hedvn sample Plot 16 (where the Swiss stone pine iposi$ very
weak with intensive displacement by Norway sprutieg,low shrub-herbaceous cover
is represented by Vaccinium muyrtillus L., Vacciniwntis-idaea (L.) Avror., and to a
lesser extent by Lycopodium clavatum L. and Dryaptearthusiana (Vill.) H.P. Fuchs.
In terms of the groundcover, the moss species Radiyim commune Hedw. occupies
the largest area, with a substantially smaller guatiaage of the cover of represented by
the moss species Hylocomium splendens (Hedw.) B. S.

On Sample Plot 17, which is outside the naturaloi@uy of the Swiss stone pine
habitat, the low shrub-herbaceous cover is mor@ddnt than on sample Plotsal46.
However, there is a conspicuous absence of Vacuintiis-idaea L. In terms of
groundcover, the share of the moss Hylocomium sigles (Hedw.) B. S. @. is very
small. Unlike Sample Plots 2416, Sample Plot 17 has a noticeably larger shrub-
herbaceous cover than moss cover. There existdenadile differences in ground vege-
tation in the sample Plots due to different edagbirditions and the ecological position
of Swiss stone pine in the forest stand. Theseewiffces could be used to identify
Swiss stone pine forest sites for artificial regatien to augment existing natural re-
generation as the primary component of the specegosition.

The coenotic interrelationship between Swiss stune and Norway spruce in
dense canopies is reflected in the natural regé@oaral his process of natural regen-
eration of Swiss stone pine in the Ukrainian Cdrjzats is dependent on the ecological
conditions and can occur both successfully and esessfully. It is important to note
that the success of regeneration of Swiss store g@pends largely on the percentage
in existing stand, crown closure and structurehef ¢anopy, including the magnitude,
form and allocation of gaps and openings.

As can be seen from table 4, among five sectiorsaonifple Plot 30, the smallest
proportion of Swiss stone pine regeneration is @vidn section 30c. Although 30c ex-
hibits a considerable proportion of Swiss stoneepim the stand composition, it is
characterised by the highest crown closure andnalesef big open places. In section
30e, there is a smaller proportion of Swiss stane m the forest stand but there is a
larger amount of young growth due to the presemgaps. A somewhat larger amount
of regeneration occurs in sectionsa3nhd 30b, which are characterised by low crown
closure with large gaps and are situated belowise@O0c, which contains a large
number of mature Swiss stone pine trees. Sectiah ®@Dich has the lowest crown
closure and the largest amount of large gaps, doéave a lot of young growth.
This is due to the absence of Swiss stone pines tieehe canopy and because the
adjoining section 30c is located to the side andb®dow the direction of the slope
and, therefore, unable to capitalize to the poa¢sted fall area. From sample Plot 30,
it is evident, that the success of Swiss stone mgeneration depends on the presence
of openings in the canopy of mixed Norway sprucegSvgtone pine stands, and from
their location in relation to seed source of Swsssne pine. These results can be
confirmed from the sample Plots 4-7, 14-16, 20Ié&at). It can also be seen that with
the same crown closure, the natural regeneratitetier in stands where the structure
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of the canopy is more heterogeneous. The incr@agpanings in the canopy from small
gaps (< 10 m diameter) to larger openings with aesponding even distribution

throughout the stand favors the regeneration o§§wione pine in quantity and growth
rate.

The canopy structure of Norway spruce/Swiss stane ptands is closely de-
pendent on availability of soil nutrients on foreges. In bir and poor subtypes of subir
forest sites, the natural regeneration of Swiseesfaine is acceptable to assure natural
propagation of the stand, however in rich subtypiesubir sites the natural regenera-
tion of Swiss stone pine is unacceptable. Frometdblit can be seen that Swiss stone
pine is much more influenced by the availability laght under the canopy than Norway
spruce. Existing advanced regeneration of Swigsespine in Norway spruce domi-
nated stands (Sample Plot No. 17) reveals theip@sible of forest dwelling birds and
wildlife in the seed dissemination of this speciasthe high elevation sites of the
Ukrainian Carpathians.

Table4. Distribution of understory regeneration in mixed Pinus cembra and Picea abies stands

Openings Regeneration
Sslrgg € f(;rrxg)sil (s)ift e Stand Composition ((::I:)OSVL\:?G near Pinus _ (specimen_s/ha) _
cembra treesPinus cembra Picea abies
4 B4 55% Pinus cembra; 45% Picea abies 0,6 + 5,90 9,930
5 Bj 29% Pinus cembra; 71% Picea abies 0,6 + 2,30 11,70
6 Bj 50% Pinus cembra; 50% Picea abies 0,8-0,9 - 0 3,90
23% Pinus cembra; 75% Picea abies
! Bs 2% Betula pendula Abies alba 0809 i 0 4,60
14a As 80% Pinus cembra; 20% Picea abies 0,5p + 2,2( 2,40
14b B4 66% Pinus cembra; 34% Picea abies 0,69 + 1,39 1,40
15 B4 40% Pinus cembra; 60% Picea abies 0,70 - 0,08 2,17
16 B4 18% Pinus cembra; 82% Picea abies 0,71 - 0,06 1,10
17 G 100% Picea abies 0.61 - 0.03 2,53
30a B; 3% Pinus cembra; 97% Picea abies 0,5b - 0,19 5 2,4
30b B3 100% Picea abies 0,56 - 0,15 2,70
30c B; 42% Pinus cembra; 58% Picea abies 0,77 - 0,04 1,Q9
30d Bs 100% Picea abies 0,47 - 0,08 1,60
30e B; 98% Picea abies; 2% Pinus cembra0,65 - 0,08 1,01
31 B4 30% Pinus cembra; 70% Picea abies 0,5¢ + 1,17 2,42

Based on ocular examination, the process of natagdneration of Swiss stone
pine is highly dependent on seed production. Owercburse of many years of observa-
tion in the Ukrainian Carpathians, it can be shdhet abundant seed harvest occurs
once every 3 to 4 years. A large quantity of tredseespecially in low seed production
years, are consumed by birds, specifically by ragker (Nucifraga caryocatactes,
and rodents [(Smagluk, 1969); (Stoyko S.M. et @5, and (Feger Y.l., 1984)]. Gen-
eralized data based on three year’s research efl g@duction in the Sample Plot 1 is
presented in the table 5. Research into the Svose $ine seed production showed that
the largest amount of seeds were produced by tigesatrees based on diameter at
breast height (1,3 m) growing in the best light aod nutrition conditions. At the same
time, distinctions in seed production between twwel different crown characteristics
(based on growth characteristics and crown clagsg wneasured. Based on the data
collected and measurements of P. cembra outplantftgr the first three years, there
was no substantial difference in height of seedhiaged on crown class of trees.

Conclusions. The research demonstrates that in the higher éetensaiof the
Ukrainian Carpathian mountains, Swiss stone piredisistently displaced by Norway
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spruce on richer sites and only retains dominamtbeospecies composition in bir sites
and in poor subtypes of subir forest sites whichdeoon talus slopes. These impover-
ished mountain soils are characterized early stafjes®il formation, with high stone
content and a mosaic pattern in soil structure ldpweent in the upper horizons. Un-
der such growing conditions, forest stands are walgven-aged with large differences
in age class distribution. These stands are clarsetd by marked difference in crown
closure, with the density in the overstory beingléss than the lower canopies. As a
rule, the overstory crown closure doesn’'t exce@®.0T he overall crown closure of the
canopies of the forest stand is 0.5-0.7, with fesguopenings. Based on regeneration
surveys, the natural regeneration of Swiss stone i acceptable in these stand open-
ings. Under these conditions, the stand vigour ofvidy spruce is diminished. In bir
sites and in poor subtypes of subir forest sitess bbserved that Swiss stone pine
dominates Norway spruce in stand composition a$ agektand vigour throughout the
range of crown and age classes.

Table 5. Indices of Swiss stone pine seed production on Sample Plot 1

Index | Interval size
Cones
Range of cones/tree (no.) 0-261
Mean cone length (cm) 4.9-6.3
Mean cone diameter (cm) 3.9-5.0
Seeds
Seed mass per tree (g) 0-1554
Mass of 1000 seeds (g) 162-299
Average seed length (mm) 9.5-11.7
Average seed width (mm) 7.0-9.1
Fullness of seeds (%) 78-100
Absolute seed viability (% germination capacity) 46-87
Sown seed viability (% germination capacity) 44-74

With the transition from poorer to richer edaphanditions, the productivity of
Swiss stone pine increases less rapidly than Nospayce. Therefore, there is greater
coenotic pressure on Swiss stone pine than on Noswaice and in suhruds, the natu-
ral growth and distribution of the Swiss stone psesstricted or non-existent.

Based on the research observation in rich and alygubirs, Norway spruce dis-
places Swiss stone pine out of the stand. Natwasds occurring on such sites are
characterised by comparatively high general crolaswe (0,7 and above) and high
crown closure in the overstory (0,3 and above) sSwtone pine is represented in these
stands by exceptionally mature and overmature spats. However, the natural regen-
eration is unacceptable to assure natural propagati the stand. To ensure the main-
tenance of Swiss stone pine in rich and typicalirsuin the higher elevations of the
Ukrainian Carpathian mountains, intermediate treatis1 are recommended. These in-
terventions will aid in the establishment of natuemgeneration through the creation of
artificial openings next to the seed trees and raaéBwiss stone pine stands.
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Appendix A. Ukrainian Classification of Site Conditions Based on Aleksyev and Pohr ebnayk

Soil humidity Soil fertility
A poor (bir) | B fairly poor (subir) C fairly rich (suhrud) D rich (hrud)
0 — xerophile Ap Bo Co Do
1 — xero-mesophile Az B Cy D,
2 — mesophile Ay B, C, D,
3 — meso-hygrophile Az Bs Cs D3
4 — hygrophile Ay B4 Cq Dy
5 — ultra hygrophile As Bs Cs Ds

Ilpodgh. I'.'T. Kpunuuvkuii 0-p 6ion. HayK, cm. HayK. cnigpod. P.@. Ky3ie; ooy.
B.B.Jlagnuii, kano. c.-2. nayk; ooy. I.I1. Conosiit, kano. c.-2. nayk — HJITY Ykpainu

Jlicu cocHu KeapoBoi eBpomneiicbkoi (pinuscembral.) B Ykpaincbkux Kapnarax:
npodemMu 30epe:KeHHs i BiATBOPeHHS

JlocmikeHo, M0 y BUCOKOTIpHIN yacTHHI YKpaiHchkux Kapmar cocHa keapoBa €Bpomenchka
(Pinus cembra L jrae BucoKy 1IeHOTHYHY CTIHKIiCTh JIMIIE Y OITHUX THUIAX JIICOPOCIMHHUX YMOB, 30K-
pema, y BOJIOTHX 1 cHpUX Oopax Ta cyOopax. Y HUX JICOPOCIMHHMX yMOBax 3MilllaHi CMEPEKOBO-
KEJPOBi JIEPEBOCTAHH XapaKTEPU3YIOThCS 3HAYHOIO MIHJIMBICTIO CTPYKTYpH. Y HaMeTi KpOH 4acTo
YTBOPIOIOTHCS BiKHA 1 3IMKHYTICTh BEPXHBOTO SIPYCY JAepeBOcTaHiB 3a3Buuail He nepesuirye 0,25.Po3-
PLDKEHICTh IepeB CIIpHs€ MOSABI Ta BUKUBAHHIO CAMOCIBY 1 MIPOCTY COCHU KeIPOBOi €Bpomenchkoi. B
Vkpaincekux Kapmarax mioma JepeBOCTaHIB 3@ y4acTIO COCHH KeIpOBOI €BPONEHCHKOI CTAHOBHUTH
6313ra [3]. Bonu 30cepemxeHi ToJIOBHUIM YUHOM Yy HeBelMKii yacTuni Kapmnat — ['opranax Ha IiisiH-
Kax 3 eKCTPEeMaJbHUMHU JIICOPOCIMHHUMHI YMOBAaMU. KPYTHUMHU CXHJIAMH, KaM’' SHUCTUMU IPYHTaMH 1 Ha
KaM’ siHuX po3cunax. Haifuacrime keaposi jicu 3ycTpidaroThes Ha BucoTi Bit 135010 1450m Hax pi-
BHeM Mopsi. CocHa keapoBa eBporneiickka B Kapnarax He (hopMye OKpEeMOro BEpTUKAIBHOTO MOSCY, a
pocrte, K TOMIIIKa, y BEPXHIA CMy31 CMEPEKOBHUX JIICIB Ta B3JJOBK BEPXHBOI MEXK1 JIICY Cepel 3apocTeit
COCHH ripcbkoi. [IpoBeneHi HaMu JOCTIKEHHS CBiq4aTh Ipo Te, U0 y BUCOKOTIp' 1 Ykpaincekux Kap-
naT BHCOKY CTIMKICTB 10 BUTICHEHHSI CMEPEKOIO COCHA KEpOoBa €BPOTIEHCHKA MPOSIBIISAE JHIIE B Oopax
1 OigHKUX miaTUNax cyOopiB, TOOTO B MICIAX, SIKI MEXYIOTh 3 KaM' STHUIMHU PO3CHUIIAMH. 3 TIEPEX0JIOM Bif
OigHImMX 10 OaraTmmx enadiyHUX YMOB pICT JEPEB COCHHU KeIPOBOI MOKPAILY€ETHCS B MEHIIIN Mipi,
HiK cMepekd. [Ipu 1boMy BOHa 3a3Ha€ Jenaii OibIIOro HEHOTUYHOTO TUCKY MOPIBHSHO 31 CMEPEKOIO
1 BXe B Cyrpy/Jax MpUpPOJIHE MOUIMPEHHS COCHU KEAPOBOI CTae HEMOXKIUBHUM. [Lyisi 30epexeHHs] COCHI
KEJPOBOI €BPOMNEHCHKOT y OaraTux i THHOBHUX CyOOpax BEPXHBOTO JIICOBOTO mosicy Ykpainchkux Kap-
nart JOIJIBHO IPOBOAMTH CIIPUSHHSA 11 MPUPOAHOMY MOHOBJICHHIO, SIKE TIOJIATAE Y CTBOPEHHI IITYYHUX
NpOTajuH 011 JOPOCIUX AEPEB COCHHU KEAPOBOI.

Karwuosi cioBa: Ykpainceki KapnaTtu, B3aeMozist AepeBHUX MOPiJ, IPUPOJHE MOHOBIICHHS,
COCHA KeJIpOBa €BPOIICHCHKA, SITIMHA €BPOIECHKA.
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