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Abstract: The silver fir (Abies alba Mill.) in the area of Watl Trzebnicki is at the northern limit of its distribu-
tion in western Poland. This study was performed in three nature reserves with protected silver fir popula-
tions. The stands in these reserves were mixed, with complex spatial structure and abundant tree regenera-
tion. The proportion of fir in stands was around 16% of DBHS, the age of trees reached around 130 years. The
silver fir occurs mainly in the sapling stage, whereas the number of seedlings was very low. The results of this
study show the influence of forest floor vegetation as well as litter type on the emergence of fir seedlings. The
seedlings density was compared with the results of other studies from different geographical areas and stands
type in Poland.
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Introduction

The silver fir is a component of mixed forests with
complex spatial and age structure (Falinski i Pawla-
czyk 1993). The silver fir is known as a species which
increases the stability and resilience of forests (Brang
2001) and which is suitable for multifunctional forest
management (Shiitz 2001). On the other hand, it is a
species vulnerable to an improper forest management
and air pollution. Since the 1960’s there has been ob-
served the phenomenon of “fir decline” over the
whole area of its distribution (Boratynski i Filipiak
1997, Thomas et al. 2002, Bigler et al. 2004). The
present proportion of silver fir in the forests of Lower
Silesia (Poland) is very low, in the area administered
by Wroctaw Regional Directorate of State Forests the
stands with silver fir cover 0.15% of total forest area,
mainly in the forests of the Sudety mountains (Barz-
dajn et al. 1999).

A campaign to increase the silver fir share in forest
has recently been started , especially in the Sudety Mts.
(Barzdajn et al. 1999, Barzdajn and Raj 2002). One of
the key problem in this enterprise is to recognise the
mechanism of natural fir regeneration (e.g. Dobrowol-
ska 2000, Filipiak 2002, Robakowski 2004).

The northern limit of silver fir distribution range in
western Poland was found in the area of the Wat
Trzebnicki foothills (Pacyniak 1966). It is associated
with more abundant precipitation than in areas of
lowlands, situated on the north (Szafer 1972). To
protect the marginal populations a system of reserves
was created in the 1950’s. However, the number of
populations as well as the number of fir individuals
within populations - even the protected ones - still
decreased. Also, disadvantageous changes in vitality
of firs and composition of forest floor vegetations
were observed (Szymura 2006). Similar changes were
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found in silver fir populations in the Eastern part of
Germany (Zigenhagen 1997).

The aim of this study was a) to document the
structure of forest with silver fir on margin of its
range b) to describe the structure of fir populations,
c) to evaluate the natural regeneration of silver fir
with respect to forest floor vegetation and the litter

type.

Materials and methods

Study area

The study site is situated in Wal Trzebnicki (West-
ern Poland) with a mean elevation of 100-150 m a.s.l.
The average annual temperature is 7.7°C. (January
1.7°C, July 17.4°C), the average annual precipitation
is 550-560 mm, 60% of precipitation takes place dur-
ing the growth season (Walczak, 1970, Kondracki
1994). The dominant stand type is pine or less fre-
quently spruce monocultures (Macicka i Wilczynska
1990).

In the Wat Trzebnicki silver fir occurs in detached
groups among other species (Macicka i Wilczynska
1990). As in the whole northern margin of fir in
Western Poland it is the most abundant in plant asso-
ciation Abietetum polonicum (Dziub. 1928) Br.-Bl. &
Vlieg. 1939. (Pacyniak 1966).

The research was done in three nature reserves es-
tablished in the1950s:

1. “Jodtowice” — location: N 51°17’, E 16°48’, 137 m.
a.s.l., area 9.36 ha. The majority of the protected
area is fenced and the silver fir grows on whole ter-
ritory of the reserve. The Abietetum polonicum covers
most of the area, while the Galio sylvatici-Carpinetum
occurred on the remaining area of reserve (Ma-
cicka-Pawlik i Wiczyniska 1995). The soil was clas-
sified as Dystric Cambisol and Cambic Arenosol
(Wilczyniska Macicka-Pawlik 1998).

2. “Gola” —location: N 51°21°, E 17°33’, 235 m. a.s.l,,
area 12.05 ha. This reserve is also fenced, the fir oc-
curs on the whole territory of the reserve. The
Abietetum polonicum covers most of the area with
patches of Querco-Piceetum and Leucobryo-Pinetum
(Macicka i Wilczynskal990). The soil was Dystric
Cambisol, Cambic Arenosol and Stagnin Eutric
Gleysol (Komendarczyk 1990).

3. “Jodly Ostrzeszowskie” — location: N 51°25’, E
17°59’, 188 m. a.s.l., area 8.96 ha. The silver fir oc-
curs on the whole area of the reserve and sur-
roundings forests, however the population was
small and sparse. Forest management was applied
in most of the area. The study was performed only
at the eastern part of the protected area, which
was less damaged by management practices. On
the examined area the soil was Haplic Luvisol
(Szymura 2003), the plant community was

Abietetum polonicum (Macicka i Wilczyniska 1990,

Szymura 2003).

According to Pacyniak (1966) the fir populations
in the investigated reserves was of natural origin.
There was an unsuccessful attempt at planting firs in
the recent years. Individuals which survived are easily
distinguishable and scarce. They were not included in
this study.

Methods

The stand structure was measured on circular sam-
pling plots with area 250 m? (radius 8.92 m). These
plots was placed in nodes of regular grid 100x 100 m.
In the “Jodiowice” reserve there were 9 plots, in
“Gola” 12 and “Jodly Ostrzeszowskie” 2 plots. In each
sampling plots the diameter of trees at breast height
and the height of saplings was measured. The number
of seedlings and saplings was counted. As a tree clas-
sified was individuals with diameter at breast height 7
cm or higher were classified as trees; individuals with
height of 50 cm or less were treated as seedlings. Indi-
viduals higher than 50 cm and with diameter at breast
height lower than 7 cm were considered as saplings.
The basal area (DBHS) of a tree was calculated as the
area of a circle with diameter equal to the diameter of
given tree at breast height. The cores from each adult
silver fir growing in the additional concentric plot of
radius12.6 m was taken. It was one core per tree at
breast height taken by an increment borer. The num-
ber of annual increment rings was counted in order to
assess trees age.

The spatial structure of fir populations was as-
sessed using the nearest neighbour method (Clark
and Evans 1954). In this method compared was ratio
between two statistics: average distance to nearest
neighbor and expected nearest neighbor distance ba-
sed on a random distribution. The significance of dif-
ferences from expected value was tested Z-test which
can reveal: cluster, random or regular spatial distribu-
tion (Clark and Evans 1954).

In each sampling plot the cover of forest floor veg-
etation was visually assessed, with distinguished
area of patches of dominant species. Similarly as-
sessed was the area covered by coniferous or broad-
leaved litter.

The preference of silver fir seedlings to occur on
different kind of litter type or patches of forest floor
vegetation were taken into account. It was done by di-
viding the percentage share of fir seedlings occurring
on a given unit (vegetation patches or litter type) by
percentage area covered by this unit. A value above 1
showed more abundant seedlings presence than ex-
pected from the relative area of given unit, whereas a
value below 1 showed lower seedlings density than
expected. The statistical significance of this dispro-
portion was checked by y? test, with Yates’ corrections
applied in cases of low frequency observations.
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The light environment of each sample plot was
measured at 1 m above the ground, using hemispheri-
cal photographs. The photographs were taken in the
centre of each plot, and next analysed using Win-
Scanopy 2003b software by Regent Instruments Inc.
Results were expressed as a percentage of photosyn-
thetic photon flux density under canopies (% PPFD).

Results

The stands structure

In each stand the spruce Picea abies (L.) H. Karst., sil-
ver fir Abies alba Mill., beech Fagus sylvatica L. and birch
Betula pendula Roth were common. In “Jodlowice”
oaks: Quercus petraea (Matt.) Liebl. and Q. robur L., pine
(Pinus sylvestris L.), and larch (Larix decidua Mill.), were
also found. The hornbeam (Carpinus betulus L.) in can-
opy layer was present in “Jodlowice” and “Gola”
whereas rowan (Sorbus aucuparia L. em. Hedl.) only in
,Jodly Ostrzeszowskie”. Additionally in the “Jodlo-
wice” reserve single individuals of Tilia cordata Mill.
and Ulmus glabra Huds. were found (Table 1). On each
plot usually 2—4 trees species per plot were present.

These stands were dominated by spruce with a
35% share in DBHS. The share of silver fir was 16%
and beech 9%.

The diameter distribution of all trees in the “Jodto-
wice” and “Gola” reserves was inverse “j” shaped
(Fig. 1c). The silver fir diameter distribution showed
shape with the medium class most abundant (Fig. 1a,
b). Pines and larches in “Jodiowice” were represented
mainly by large individuals. Due to the relatively
small area of forest analysed in reserve “Jodly Ostrze-

szowskie”, the plots of diameter structure were not
presented.

The vertical structure on each plot was multi- or
two-layered. The upper layer with height 30-38 m
was created by spruces, larches, pines, beeches and
firs. The trees with height 30 m or highest comprised
70% of DBHS. The frequency of trees in the 5 meters
height class was shown in Fig. 2.

In all analysed sites, the amount of standing decay-
ing trees or logs was very small due to management
practices.

In the undergrowth, the spruce was also a domi-
nant species — 29% share in sum of saplings height
(Table 1). exceptionally high - in relation to share in
trees layer — was the share of rowan saplings (27%).
The share of fir saplings was 15%, birch 9% and horn-
beam 5,5%. The presence of saplings of all species
emergent the tree layer was found. Additionally, sap-
lings of Acer pseudoplatanus L., Sambucus nigra L. and
Frangula alnus Mill. were found. The saplings occurred
on 95% of all sampling plots. Its density changed
from 0 up to 6640 N/ha, mean 2314 N/ha, with stan-
dard deviation 1984. The silver fir saplings occurred
in 83% of all sampling plots. Its density varied from 0
to 2840 N/ha, average 402 N/ha with standard devia-
tion 657.

Seedlings occurred on all sampling plots. Their
density varied from 120 up to 11840 N/ha, average
2333 N/ha., among them spruce seedlings were the
most common (Table 1).The share of silver fir seed-
lings was 12%, they occurred on 71% of sampling
plots. The density of fir seedlings changed from 0 to
12000 N/ha, mean 232 with standard deviation 315.

Table 1. Stand characteristics in the studied reserves. Species code: FS — Fagus sylvatica, BP — Betula pendula, CB — Carpinus
betulus, QPR - Quercus petraea and Q. robur, AA — Abies alba, SA — Sorbus aucuparia, LD — Larix decidua, PS — Pinus sylvestris, PA

— Picea abies, FA — Frangula alnus

Reserve Measured traits Species” Sum
FS BP QPR CB AA SA LD PS PA FA

Jodlowice trees basal area [m?/ha] 1.2 1 6.8 0.1 4.3 - 5.4 5.3 4.1 - 28.7
trees density [N/ha] 22 36 124 4 58 - 22 22 111 - 413

sum of height of saplings [m/ha] 138 635 233 13 1431 1621 390 36 184 16 4776

saplings density [N/ha] 27 213 209 4 547 618 129 36 62 9 1871

seedlings density [N/ha] - 156 387 - 147 218 - 9 53 18 987

Gola trees basal area [m?/ha] 2.7 0.2 - 0.1 3.9 - - 5 14.1 - 25.9
trees density [N/ha] 10 10 - 13 33 - - 30 377 - 473

sum of height of saplings [m/ha] 264 302 304 599 359 1793 - - 2973 27 6679

saplings density [N/ha] 130 130 113 130 253 747 - - 1177 27 2710

seedlings density [N/ha] 100 90 177 167 240 200 17 223 1103 23 2340

Jodly trees basal area [m?/ha] 5 2.7 - - 5.3 0.6 - - 0.7 - 14.4
Ostrzeszowskie (05 density [N/ha] 20 8 - - 380 8 - - 60 - 620
sum of height of saplings [m/ha] - 1420 - - 1602 - - - 870 1740 5632

saplings density [N/ha] - 380 - - 640 - - - 360 560 1940

seedlings density [N/ha] 440 400 140 - 340 320 - 700 440 3240 6020
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Fig. 1. The diameter distribution of tree species in the re-
serves Jodtowice (a), Gola (b) and all species together in
reserves (c)

The seedlings were damaged by deers and
roe-deers browsing only in the “Gola” reserve, where
25% of seedlings were browsed.

Structure of the silver fir population

The saplings stage was the most abundant and rep-
resented 67% of all fir individuals. The share of seed-
lings was 27% including 3% of one-year seedlings.

The trees showed random distribution in “Jodlo-
wice” and “Gola” whereas in “Jodly Ostrzeszowskie”
their distribution was clumped. The saplings and
seedlings in all reserves showed clumping distribu-
tion. The age of fir trees, varied from 16 to 132 years
(Fig. 3). The fit second order polynomial function ex-
plains 67% of fir trees height variation, as a function
of their age.

The ratio of trees number/seedlings number was
the highest in “Gola”, where it reached 18.5 and
much smaller in “Jodly Ostrzeszowskie”and “Jodlo-
wice”, 1.9 and 4.8 respectively. The average value was
8.4.
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Fig. 2. The height distribution of trees in the “Gola” and
“Jodlowice” reserves
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Fig. 3. Tree height as a function of silver fir (Abies alba Mill)
age

There were not statistically significant differences
between sum of height of saplings, as well as saplings
and seedlings density in the analysed sites (Krus-
kal-Wallis Anova test: saplings density — H=2.38,
p=0.30, sum of height of saplings - H=3.59, p=0.17,
seedlings density H=2.57, p=0.28).

Forest floor vegetation and light
conditions

The forest floor vegetation covered from 5 up to
95% of ground, in average 39%. The dominant spe-
cies was: Rubus sp., Vaccinium myrtillus L., Athyrium
filix—femina (L.) Roth and Dicranum polysetum Sw.

The ratio of photosynthetically photon flux density
(PPFD) at height 1m above ground layer to PPFD
above canopy layer was 5.3% to 43.8%. The mean
percentage of PPFD was 17.8%. There was no statisti-
cally significant relationship between silver fir seed-
lings density and light conditions or forest floor vege-
tation cover.

The silver fir seedlings occurred often in patches of
seedlings of other species (established usually on
bare ground) and patches of mosses, Oxalis acetosella,
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Vaccinium myrtillus or on broadleaved litter. In patches
of Rubus sp. or coniferous litter the fir seedlings oc-
curred less frequent. In patches of ferns (Athyrium
filix-femina,  Pteridium aquilinum and  Dryopteris
carthusiana grouped in one category) and Calamagrostis
arundinacea the seedlings was absent (Fig. 4). These
disproportions was statistifically significant in cases
of mosses (x> =9.07, p=0.003), broadleaved litter (3>
= 8.86, p=0.003), Rubus sp (x> = 6.79, p=0.009), co-
niferous litter (x> = 18.28, p=0.000) and ferns (y* =
4.08, p=0.043)

Discussion

In comparison to the commercial forest which do-
minated the area of Wal Trzebnicki the investigated
stands were more diverse both in the species and spa-
tial structure aspects. The share of large trees in these
stands is higher than in the surrounding plantations.
The multi-layered vertical stand structure and pres-
ence of variously-aged trees is considered as a prefer-
ential form of Abietetum polonicum habitats (Mréz and
Labaj 2004). However the results of long-term com-

parison showed a decrease in the number of large
trees as well as silver fir individuals in the “Gola” and
“Jodlowice” reserves (Szymura 2006). The sum of
basal area (DBHS) in “Jodlowice” and “Gola” corre-
sponds to basal area of mixed forest with silver fir on
the northern margin of distribution in Poland in “Ja-
ta” reserve where DBHS was 29,3 m?/ha in optimal
phase of stand development (Dobrowolska 1998 a).

The relationship between silver fir height and age
(Fig. 2) shows that in these sites, in range of its distri-
bution, silver fir was in second class of stand quality
(according to the tables of Szymkiewicz 2001). How-
ever, it should be pointed out that “breast height age”
presented there can be much more lower than real
trees age, due to potential long persistence at saplings
stage. In the analysed stands the age of fir saplings
varied form 11 up to 101 years (Szymura 2005).

The silver fir is a species with life strategy fit to
both stress and competition (Brzezicki and Kienast
1994). Its stable presence in mixed forest is related to
the production of a durable “saplings bank” (Falinski
i Pawlaczyk 1993). Actually, the saplings form the
most abundant developmental stage of silver fir in all
the investigated reserves. The share of seedlings, es-
pecially one-year old, is small. In the “Jodlowice” the
amount of seedlings could be affected by regular col-
lection of fir cones as a requirement of local forest ad-
ministration. In other reserves this procedure was not
applied.

Generally, the density of fir seedlings (average 232
N/ha) in the Wat Trzebnicki region (Table 2) is ex-
ceptionally low. In the centre of fir distribution in Po-
land, in the forest of the Karpaty Mts., the seedlings
density was highest in pure fir stands in the lower
mountain zone (Paluch 2005). The density in the
Karpaty Mts was lower than in Wat Trzebnicki only in
one case — in Bieszczczadzki National Park in beech —
maple stands where the presence of adult silver fir in
stand was neglegible (Jaworski 2000). In an area of
more abundant fir occurrence closer to Wat Trzeb-
nicki, in the Sudety Mts. the density of fir seedlings is

Table 2. Comparison of silver fir (Abies alba Mill) seedlings and saplings densities reported from different sites in Poland

Geographical area or plant community

Seedlings [N/ha]

Saplings [N/ha] Data source

Karpaty Mts 6,590 621 Chwistek et al. 1997
417-62,083 0-34,250 Jaworski 1979
154-13,142 0-1,079 Jaworski 2000
7,000-65,000 321-359 Paluch 2005
Sudety Mts 453-1,832 - Dobrowolska 2000
108-9,794 0-498 Filipiak 2002
500-22,416 0-8,560 Jaworski 1979
Abietetum-polonicum 4,225 1,058 Dobrowolska 1998b
30,117 630 Mazur 1989
Margin of silver fir distribution in Poland 271-6,839 27-1,383 Dobrowolska 1998b
18,800 10,000 Sowa i Olaczek 1971
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definiteds as much less than in Karpaty Mts. (Filipiak
2002) and highly variable due to the high mortality of
young seedlings occurred after mast year (Dobro-
wolska 2000). The seedlings density reported from
other sites of Abietetum polonicum is also higher (Ma-
zur 1989, Dobrowolska 1998 b) than in this study.
The low seedlings density seems to be not a an attrib-
ute of fir range boundary. In the “Gatkéw” reserve,
near £.6dz, in fir-beech forest in Galio-Abietion alliance
Sowa and Olaczek (1971) found the seedlings density
around 18,800 N/ha. The participation of fir in stand
biomass there was 37-56%. In the “Jata” reserve on
the Lukowsko-Siedlecki plateau seedlings density dif-
fers due to site properties and forest structure (Do-
browolska 1998 b). The lowest density (271 N/ha)
was in broadleaved forest where fir participation was
lower than 10%, but with increase of share of fir in
stands it increased up to 6,839 N/ha.

Weak regeneration of silver fir in the investigated
sites is similar to that reported from Sudety Mt.,
where only 1.39-37.9 seedlings per single adult fir in-
dividual was found (Filipiak 2002). In the presented
study the average value was 7.2.

As factors influencing weak fir regenerations in
Sudety Mt. Filipiak (2002) proposed sparse cone pro-
duction, due to high crown damage and also a high ra-
tio of inbreeding in small Sudety populations. Obser-
vations from Stolowe Mt. confirm the relationship be-
tween fir health state and cone production (Sznajder
2001). The observed average relative crown length of
silver fir in the studied reserves was 45-70%
(Szymura in preparation). According to Jaworski
(1988) fir with relative crown length above 40%
schowed normal growth dynamic. The observation of
a small residual population of silver fir from Ore
Mountains ( Saxony, Germany), showed that only 6%
of seeds in cones was filled — this phenomenon was
connected with high rates of inbreedings (Zigenagen
et all 1997). It is probably that a similar effect occurs
in small, isolated populations of fir from Wat Trzeb-
nicki. Another factor considered as influencing seed-
lings density was the participation of fir in stands
(Dobrowolska 1998 b, Farfat 1999, Filipiak 2002).
The previously cited results of Dobrowolska (1998 b)
showed that seedlings density was average 3683 N/ha
when the share of fir in stands was 20-40%. When
the share of fir 10%, the seedlings density decreased
to 679 N/ha. The reported range of silver fir share is
similar to that presented here (16%) but the seed-
lings density was much higher than in this study. Also
the results of Jaworski (2000) showed that seedlings
density in mixed forest of the lower mountain zone of
the Karpaty Mts. where the participation of silver fir
in stands was 16-8% was much higher (1000-8214
N/ha) than in this study.

The density of fir saplings (average 402 N/ha),
likewise the seedlings, was relatively small in relation

to other sites (Table 2). However, this disproportion
was smaller than in the case of seedlings. Saplings
density reported from Sudety is even smaller than
that presented here (Filipiak 2002): there the highest
saplings density is similar to the average value in Wat
Trzebnicki. The small saplings density reported in
pure fir stands from Karpaty Mts. (Paluch 2005) is
probably the result of stand structure in the young
and dense forests he explored (trees density 569-752
N/ha).

The light environment under canopy in the investi-
gated stands seems to be favourable to fir regenera-
tion. Dobrowolska (1998 c) presented the value
10-25% of PPFD as proper to growth and the devel-
opment of fir regeneration. However, results of other
research show a higher density of fir seedlings and
saplings in lower light intensity 2.3-3.1% PPFD
(Diaci 2002). Also from the Alps a higher density of
fir saplings under canopy than in the gaps was re-
ported (Grassi et al 2004). This phenomenon can be
connected with effect of indirect facilitation. The re-
sults of Pages et al. (2003) showed that in worse light
conditions competition of herb is weaker than in
better light environment, thus the survival rate of
seedlings is higher in lower PPFD. Finally, this pro-
duces a higher seedlings density in worse light condi-
tion (Pages et al. 2003).

The results presented here showed the influence of
forest floor vegetation as well as litter type on the
presence of fir seedlings. Patches of the mosses,
Oxalis acetosella, Vaccinium myrtillus, patches abundant
in seedlings of other species and on broadleaved litter
can serve silver fir as safe sites (in sense of Harper
1977) (Fig. 4). The mosses, Oxalis acetosella and
Vaccinium myrtillus Jaworski and Zarzycki (1983) con-
firmed as an indicator of appropriate light environ-
ment for the development of fir regeneration. Paluch
(2005) stated that Oxalis acetosella and Vaccinium
myrtillus indicate the trophic and moisture soil prop-
erties favourable to the establishment and survival of
silver fir seedlings. This study confirms results men-
tioned above, however in cases of Oxalis and Vaccinium
the overrepresentation of silver fir seedlings was not
statistically significant. Ferns such as Dryopteris
filix-mas and Pteridium aquilinum Jaworski and Zarzycki
(1983) were considered as indicators of improper
light conditions. In the case of Pteridium aquilinum the
absence of firs seedlings can be related to the high
competition impact of bracken. As shown Dolling
(1996) this fern is a highly — competitive species due
to its allelopathic influence, among other properties.
Sparse fir regeneration in patches of grass vegetation
was observed by Hunziker and Brang (2005). In this
study this phenomenon was also observed in patches
of Calamagrostis, however it was not statistically sig-
nificant. The relatively more frequent occurrence of
fir seedlings on broadleaved litter than on coniferous
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litter could be connected with the different kind of
humus which originate from this substrata (Jaworski
1973).
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