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Abstract

The Białowieża Forest, one of the largest and best-preserved forest complexes in Europe, is located outside the 
continuous distribution range of silver fir (Abies alba). The area hosts several artificial stands of this species, includ-
ing old stands that are in good condition. The aim of this study was to reconstruct their origin and establishment 
conditions. In the Polish part of the Białowieża Forest, 13 sites with the presence of silver fir were identified and de-
scribed, including 9 old stands. These sites share three key features: anthropogenic origin, generally minimal human 
intervention in their growth and development after establishment, and location outside the continuous distribution 
range of the species. Analyses of dendrometric traits showed that many trees reach parameters comparable to those 
observed under optimal conditions within the natural distribution range of silver fir. Historical reconstruction sug-
gests that the stands most likely originated from direct seeding on clear-cuts created during intensive logging by The 
Century European Timber Corporation Ltd. in the interwar period (1924–1929). Based on silvicultural, historical and 
ecological arguments, it appears highly unlikely that silver fir planting stock was produced and used at that time in 
the Białowieża Forest. The hypothesis proposed here assumes that silver fir seeds were sown under the developing 
canopy of secondary-succession pioneer species. The surviving old trees and their progeny show a high degree of 
adaptation to the continental climate of north-eastern Poland. The origin of these stands should be further verified by 
comparative genetic studies of silver fir populations in Europe and Poland.
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Introduction 

Knowledge of the history of silver fir in the Białowieża 
Forest is crucial for two main reasons. First, it enables 
an objective assessment of the species’ performance 

outside its natural range, under a more continental cli-
mate. Second, it helps to evaluate the potential of the 
species for climate‑smart forest management beyond its 
historical distribution zone.
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Forest composition models predicting potential 
ranges of tree species distribution under ongoing cli-
mate change indicate favourable prospects for silver fir 
(Abies alba Mill.) in Poland and Central Europe (Dy-
derski et al. 2018; Vitasse et al. 2019). In simulations for 
the period 2061–2080, silver fir is classified as a ‘win-
ner’ species among late-successional trees expected to 
benefit from future climatic conditions (Dyderski et al. 
2018). 

Several artificial stands of A.  alba exist within 
the Polish part of the Białowieża Forest, including old 
stands approaching 100 years of age that are in good 
condition. In the context of climate change, increas-
ing tree mortality and declining resistance to biotic 
and abiotic factors, these stands provide a unique op-
portunity to analyse the adaptive potential of silver fir 
beyond its historical range. Improving our understand-
ing of the history, establishment and performance of 
A. alba in the Białowieża Forest may prove valuable for 
developing climate‑smart management strategies for 
forest ecosystems in north‑eastern Poland and Central 
Europe.

No archival materials concerning the introduction 
of silver fir to the Białowieża Forest in the second half 
of the interwar period (1918–1939) have been found 
(Kosel et al. 2022). For example, the Białowieża Forest 
District archives contain forest management plans only 
from the period after the Second World War. This is not 
surprising, given the difficult socio‑political conditions 
and war‑related disturbances at that time, as well as the 
then widespread practice of very limited documenta-
tion of silvicultural activities (Pilat 1929). It is therefore 
possible that official written records simply do not ex-
ist. The first reports on the presence of silver fir in the 
Białowieża Forest appeared only in the second half of 
the 20th century and contain divergent information on 
the time of origin of these stands (Korczyk 1995, 2008).

The origin of the old A. alba trees in the Białowieża 
Forest remains unknown (Gunia and Kowalski 1968; 
Korczyk 2008; Bardzajn 2010), although, according 
to Mejnartowicz (1996), their genesis is not associated 
with the Tisovik autochthonous silver fir reserve (the 
Belarusian part of the Białowieża Forest). In the first 
half of the 20th century, forest seed zoning was still in 
its infancy. German companies were the main produc-
ers and suppliers of forest tree seeds in Europe (Pilat 
1929), which is one of the reasons why Norway spruce 

populations in the Białowieża Forest are dominated by 
genotypes from the southern rather than north‑eastern 
part of the species’ natural distribution range (Lewan-
dowski 2014; Nowakowska et al. 2017). It cannot be 
ruled out that the silver fir seeds used in the Białowieża 
Forest also originated from German sources.

The aim of this first comprehensive study was 
therefore to reconstruct the conditions and methods of 
appearance of silver fir outside its natural distribution 
range in the Białowieża Forest, in particular: 1. wheth-
er it was by planting or direct seeding; 2. whether the 
site was an open, not overgrown clear-cutting or it was 
shaded by secondary succession of pioneer species. To 
this end, field surveys, historical analyses and silvicul-
tural reasoning were combined in order to formulate 
a coherent hypothesis about the genesis of the existing 
old stands of A. alba in the Białowieża Forest.

Material and methods

The Białowieża Forest is located in north-eastern Po-
land and western Belarus. In 2014, it was inscribed on 
the UNESCO World Heritage List as one of the best-
preserved lowland forests of the temperate zone in Eu-
rope. It is also a biosphere reserve, an Important Bird 
Area and an integrated Natura 2000 site (Kujawa et al. 
2016). Approximately 75% of its area is currently ex-
cluded from active forest management, which contrib-
utes to the preservation of high naturalness and struc-
tural diversity (Jaroszewicz et al. 2019; Paluch 2022).

The Białowieża Forest occupies a slightly elevated, 
gently undulating plain within the Central European 
Lowland (Więcko 1984). The prevalence of sandy par-
ent material has resulted in the dominance of rusty 
soils, which account for approximately 39% of the area 
(Kabała et al. 2021). In recent decades, distinct climat-
ic changes have been documented: between 1951 and 
2019 the number of frost days decreased by 29, while 
the number of hot days increased by 19 (Boczoń and 
Sałachewicz 2022). At the same time, the groundwa-
ter level dropped by 0.5–1.5 m, with consequences for 
soil moisture and hydrological regimes (Grygoruk et al. 
2022).

Historically, the Białowieża Forest was used with 
varying intensity for approximately four thousand 
years. Timber harvesting, charcoal production, resin 
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tapping, beekeeping and livestock grazing were prac-
ticed. It served as a source of mushrooms, berries and 
medicinal plants. In the last centuries, the Białowieża 
Forest also served as a  royal and later state hunting 
ground, which limited large-scale deforestation and 
helped preserve its forest character. The most dramatic 
periods of exploitation occurred during the First World 
War (about 4 million m³ of timber), the interwar period 
(2.4 million m³ between 1924 and 1929) and the Sec-
ond World War (1.5 million m³) (Więcko 1980; Mysiak 
2020; Paluch 2022; Kosel et al. 2022).

When determining the location of silver fir plots, 
scientific literature (Gunia and Kowalski 1968; Korc-
zyk 1995, 1999, 2008; Mejnartowicz 1996), information 
from forestry workers and forest management materi-
als, and the results of our own route surveys were used. 
A. alba was found in three Forest Enterprises: Hajnów-
ka, Białowieża and Browsk, in 13 plots, including 9 
with old-growth silver fir; the Białowieża National Park 
was not included in this study. The list of silver fir habi-
tats in the Białowieża Forest that we have established is 
broader than that available in the literature (Faliński et 
al. 1992).

The measurements of the main dendrometric pa-
rameters (diameter at breast height, DBH and the height, 
H) of old silver fir trees were carried out using callipers 
and a  Vertex 5 hypsometer (Haglӧf, Sweden), which 
was also used to determine distances between trees. 
The volume of individual trees was calculated using 
volume tables of Czuraj (1991). To increase calculation 
accuracy, double interpolation of the tabular data was 
performed, accounting for both DBH and H (Bruchwald 
1999). Statistical analyses were conducted in Excel and 
using the Statistica software package.  

In this study, we present detailed measurement data 
only for subcompartment 498 Ci (Tab.  1), which we 
consider representative of the remaining eight old silver 
fir plots discovered in the Polish part of the Białowieża 
Forest. All of these plots are characterized by a visually 
similar vertical structure, typical of silver fir stands. 
Their distinctive feature is the presence of several 
clearly dominant trees and a significant representation 
of a height group with varying degrees of suppressed 
growth. 

Moreover, just on the 498 Ci subcompartment 
based on increment cores collected as close to the root 
collar as possible (8–52  cm) from 29  mature sample 

trees, the age at the sampling height was determined. 
The number of years required to reach the sampling 
height was calculated using data on the growth rate of 
natural regeneration at this plot. According to the ob-
tained dendrochronological data (unpublished), the age 
of old silver firs at the plot 498 Ci was approximately 
98 years in 2026. It should be noted that even the not so 
tall trees were of this age. Judging by visual assessment 
and selective dendrometric measurements (453 Al, 526 
Bd, Tab.  1), the age is approximately the same in the 
remaining plots. 

The cornerstone of the methodological approach 
was comprehensive data acquisition, based on a system-
atic analysis and interpretation of all the circumstances 
surrounding the emergence of the silver fir stands inves-
tigated in this study. 

Results

In the Polish part of the Białowieża Forest, 13 sites con-
taining silver fir were identified, consisting of small 
stands, stand fragments, groups and single trees aged 
approximately 30–100 years (Tab.  1). 9 of these sites 
represent old silver fir stands or groups. These sites 
share three common features:
1)	 anthropogenic origin;
2)	 generally minimal human intervention in their 

growth and development after establishment;
3)	 location outside the continuous range of the species.

Many old silver firs have reached large dimensions 
and well-developed crowns, comparable to trees grow-
ing under optimal conditions within the natural distri-
bution range of the species (Szymkiewicz 2001). For 
example, the volume of individual trees in Białowieża 
Forest ranged from 2.5 to 7.1 m³ (Tables 1 and 2), where-
as habitats typical for silver fir (the Carpathians) stem 
volumes of 2.5–3.3 m³ are reported (Dobrowolska et al. 
2015).

Particularly illustrative is the comparison of one 
of the best-performing trees (in terms of dendrometric 
parameters) in plot 11 (Tab. 1) with silver firs from the 
Tisovik reserve (the Belarusian part of the Białowieża 
Forest) and from within the species’ natural distribution 
range. The oldest fir in the Tisovik reserve (at least 250 
years old), windthrown in 1922, was 33.5 m tall; how-
ever, it was more than twice as old as the trees in our 
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Table 1. Localization and brief description of silver fir habitats in the Polish part of the Białowieża Forest

Pl
ot

 se
ria

l 
nu

m
be

r Forest 
Enterprise, 

Forest District

Subcompartment 
codes and its 
geographic 
coordinates

Description

1 Hajnówka,  
Wilczy Jar

416Ad, 416Cf;
N 52°70ʼ, E 23°65ʼ

Progeny of autochthonous silver fir from the Tisovik reserve (the Belarusian part 
of the Białowieża Forest) growing in a half-sibs plantation in the amount of 1,918 
trees and aged 31–34 years (in 2026). The plantation is fenced and consists of 
three plots of 0.22 ha each. Trees in all plots are in excellent condition. The second 
and third plots showed an increased mortality in the first years after planting, 
which was due to the influence of late spring frosts. The stand is registered in the 
European database of important genetic conservation sites.

2 Białowieża, 
Podcerkiew

520Ac 
N 52°67ʼ, E 23°70ʼ

The forest cultures from seedlings of autochthonous silver fir from the Tisovik 
reserve, age 30 years (in 2026). Four unfenced plots with a total area of 0.83 
ha were heavily damaged by animals. Planting material for these cultures was 
produced in the former nursery of the Białowieża Forest Enterprise.

3 Browsk, 
Jelonka

121Dh
N 52°80ʼ, E 23°69ʼ

Progeny trial established in 1997 from seeds collected in the Białowieża Forest 
Enterprise, Stoczek Forest District, subcompartment 453Al (see stand 6 below). It 
is not fenced and, therefore, heavily damaged by animals.

4 Białowieża, 
Batorówka

469Ad
N 52°69ʼ, E 23°72ʼ

A forest plantation, 19 years old (in 2026). Planting material – 3-year-old seedlings 
from the Goldap Forest Enterprise. Seeds collected from trees in Makówka Forest 
District, subcompartment 177c; origin – probably Germany. Planted on the fenced 
territory of the former forest nursery; area 1.4 ha; initial planting density 5,700 
seedlings/ha. Needs to be cleaned up.

5 Białowieża, 
Stoczek

500Cd
N 52°67ʼ, E 23°84ʼ

A group of 11 old trees at the age about 100 years heavily damaged in their youth 
by animals. The undergrowth is also badly damaged by animals.

6 Białowieża, 
Stoczek

453Al
N 52°70ʼ, E 23°89ʼ

A group of 93 old trees at the age about 100 years covering area of 0.38 ha. The 
fenced stand is in excellent condition as is the undergrowth.

7 Browsk, 
Jelonka

156Aa, 156Ba
N 52°79ʼ, E 23°77ʼ

Two old trees in good condition, approximately 100 years old, the potential seed 
dispersal area has recently been fenced off.

8 Browsk, 
Jelonka

156Ba
N 52°79ʼ, E 23°77ʼ

One old tree at the age about 100 years, in average condition, the seeding area is 
not fenced, and there is no natural regeneration.

9 Browsk, 
Krynica

769Ac
N 52°88ʼ, E 23°63ʼ

An unfenced group of five old trees at the age about 100 years. Animal-damaged 
trees are significantly stunted, and there is no natural regeneration observed.

10 Białowieża, 
Grudki

499Сh
N 52°67ʼ, E 23°83ʼ

An unfenced two old trees at the age about 100 years. One of them was 
significantly stunted due to animal damage. The second one is still in excellent 
condition, but it is tilted by the wind and apparently has a torn root system. There 
is no natural regeneration.

11 Białowieża, 
Grudki

526 Bd
N 52°67ʼ, E 23°82ʼ

A group of 40 old trees at the age about 100 years, scattered over an area of 6.39 
ha, not enclosed by a fence. Trees undamaged in youth by animals now show 
excellent growth rates. Natural regeneration is represented by single specimens, 
which are severely damaged by animals. One tree in this group showed the best 
growth performance in Białowieża Forest: H = 33m, DBH = 71 cm, V = 7,11m3.

12 Białowieża, 
Grudki

498 Ci
N 52°67ʼ, E 23°81ʼ

A fenced group of 30 old trees at the age about 100 years spread over an area of 1.4 
hа. Natural regeneration due to damage to the fence was injured earlier by animals, 
but it is now in good condition and its population reaches 13.85 pcs/ha.

13 Białowieża, 
Stoczek

452 Bh
N 52°70ʼ, E 23°89ʼ

Seven old trees at the age about 100 years in a quite good condition, arranged in a 
compact group. Natural regeneration is represented by single specimens, which are 
severely damaged by animals.
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study. A silver fir from the Świętokrzyskie Mountains 
(Poland), also destroyed by a hurricane, reached 44.5 m 
at 220 years of age (Środoń 1983). The oldest fir from 
the Jata Nature Reserve (Poland) – the closest natural 
island habitat to the Białowieża Forest – was 34 m tall 
at 205 years of age (Korczyk 1999). 

Table 2. Silvicultural characteristics of old silver fir 
trees at the age about 100 years in Białowieża Forest, 
subcompartment 498 Ci

Tr
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(m
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1 2 3 4 5 6

A  47.7 25.1 19.3 76.9 2.09
B 18.7 20.6 14.1 68.4 0.34
С 14.8 14.0 10.1 72.1 0.14
D 19.8 16.0 13.8 86.3 0.26
J 19.6 12.6 9.9 78.6 0.21
K 9.8 7.0 4.1 70.7 0.02
E 32.4 18.8 14.8 78.7 0.78
1 68.9 34.6 26.0 75.1 5.74
2 25.4 25.4 18.1 71.3 0.69
3 48.8 29.4 22.7 77.2 2.61
4 33.5 25.2 17.9 71.0 1.13
5 35.8 22.4 16.4 73.2 1.17
6 62.4 28.7 20.8 72.5 3.99
8 39.7 29.0 22.8 78.6 1.57
9 31.7 24.0 15.7 65.4 0.98
H 18.0 9.4 7.2 76.6 0.13
G 15.5 12.4 7.2 58.1 0.12
F 49.0 29.1 20.8 71.5 2.59
10 27.0 25.2 16.3 64.7 0.77
20 15.2 10.7 7.5 70.1 0.10
11 59.7 29.3 19.2 65.5 3.84
12 46.7 30.7 17.6 57.3 2.53
13 40.2 30.7 23.6 76.9 1.92
14 49.1 27.7 18.2 65.7 2.55
15 38.4 27.5 18.1 65.8 1.57
I  16.1 10.6 7.0 66.0 0.13

1 2 3 4 5 6

16 51.5 30.5 19.1 62.6 3.00
19 57.7 31.6 24.3 76.9 3.82
17 30.0 18.5 14.0 75.7 0.67
18 35.0 26.4 19.5 73.9 1.28

Mean value 35.27 22.77 16.20 71.44 1.56
Standard 
deviation 16.2 7.93 5.76 6.56 1.46

Coefficient 
of variation 45.93 34.83 35.55 9.18 93.71

Median 34.3 25.2 17.8 71.8 1.15
Minimum 9.8 5.75 4.1 57.3 0.02
Maximum 68.9 34.6 26 86.3 5.74

As noted above, many trees have large dimensions. 
It should also be noted that they possess pointed crowns 
and exhibit intensive fruiting (Fig. 1), indicating that, 
despite their advanced age, they have not yet entered 
a degenerative senescence phase. In some stems, frost 
cracks originating from extremely cold winters (e.g., 
1928–1929, 1939–1940, 1955–1956) (Dziubałtowski 
1930; Zeliński 1952; Tumiłowicz 1966; Marsz and 
Styszyńska 2018) are visible, but these injuries are now 
completely overgrown (Fig. 2).

Figure 1. Intense fruiting of about 100 years old silver fir in 
Białowieża Forest (Tab. 1, subcompartment 498 Ci; Tab. 2, 
tree ID – 1), which retains the pointed shape of its crown 
(photo by K. Gabrysiak)

An irregular arrangement of trees was recorded 
(Fig. 3). The reduction in their number over the course 
of a century has resulted in old trees being positioned in 
small groups, pairs or even singly. The irregular spacing 
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of the trees (Fig. 3), with distances ranging from 1.34 to 
8.03 m (average 3.74 m) and no indication of a planting 
pattern, further suggests direct seeding rather than row 
planting. This growth pattern is entirely consistent with 
the species’ biology (Bendkovsky 2021). 

Figure 2. Numerous overgrown frost cracks on the tree of 
silver fir in Białowieża Forest (Tab. 1, subcompartment 498 
Ci) (photo by A. Marozau)

Discussion

The current state of the studied populations of A. alba, 
which have passed through a double sieve of natural se-
lection (nearly a century of growth of the parent trees 

and several decades of natural regeneration develop-
ment) (Aitken et al. 2008), reflects both their norm of re-
action and the potential for genotypic expression under 
local environmental conditions (Dyderski et al. 2018; 
Graudal et al. 2020), which is confirmed by provenance 
studies (Bardzajn 2010). 

Trees that survived episodes of abiotic stress con-
tinued to grow and reproduce, achieving substantial 
dendrometric parameters (see section Results). It is 
likely, however, that some individuals did not survive 
these harsh events and that the present stands represent 
a set of trees that successfully passed through a strong 
climatic selection filter (Szmyt 2020). This suggests that 
the existing old silver firs and their progeny are geneti-
cally and phenotypically adapted to the continental cli-
mate of north‑eastern Poland.

A  key question concerns the method by which 
silver fir was introduced into the Białowieża Forest: 
by planting or by direct seeding. From a silvicultural 
perspective, the production of silver fir planting stock 
in the temporary nurseries operating in the Białowieża 
Forest during the interwar period appears highly un-
likely. In spring sowing, seeds require prolonged cold 
and subsequent wet stratification; in autumn sowing, 
stratification takes place under natural conditions. 
Seedling production lasts three to five years and usu-
ally involves at least one transplant in the nursery and 
root pruning. Seedlings require mulching, weeding, 
soil loosening, watering, shading during hot periods 
and protection against late spring frosts and severe 
winters (Szymański 2000; Wesoły and Hauke 2009). 
At that time, nursery technology in the Białowieża 
Forest was primitive and focused mainly on unde-
manding species such as Scots pine, Norway spruce 
and common broadleaves (Kosel et al. 2022). 

Moreover, the clear-cuts created by The Century 
European Timber Corporation Ltd. were very large (ap-
proximately 100 m wide and 1,000 m long, i.e., roughly 
10 ha each), and by 1929, their total area had reached 
7–8 thousand ha (Kosel et al. 2022). Even for the main 
tree species, the available planting stock was insuf-
ficient, and vast clear-cut areas were left to regenerate 
naturally. Under these circumstances, producing plant-
ing stock of a demanding species such as silver fir – in 
the absence of a local seed base and appropriate infra-
structure –  seems unrealistic. Transporting seedlings 
from southern Poland or from abroad (e.g., Germany or 
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the Czech Republic) would have been logistically dif-
ficult and economically unjustified during the interwar 
period. 

By contrast, direct seeding of silver fir appears 
more realistic. Seed propagation is well-suited to 
A. alba owing to its relatively large seed size, success-
ful early adaptation of seedlings to shade and rapid de-
velopment of the root system (Dobrowolska et al. 2017). 
In Europe, increasing attention has been paid to the ar-
tificial regeneration of silver fir from seed, particularly 
in the context of transforming spruce stands (Huth et 
al. 2017). Although direct seeding is not always ef-
fective and may be limited by seed quality and site 
conditions (Suszka 1983, 2008), it requires much less 
infrastructure than seedling production. Considering 
these arguments, the use of planting stock can largely 
be ruled out, while the hypothesis of direct seeding 
becomes the most likely scenario – especially in view 
of the constraints of long-distance seedling transport. 
Soil preparation was probably simple and superficial, 
involving manual removal of ground vegetation and, at 
most, light loosening of the upper soil layer to improve 
seed–substrate contact. In some places, seeds may have 

been sown directly onto litter where living ground cov-
er was absent. 

The timing and conditions of sowing are also im-
portant. Intensive clear‑cutting by The Century Euro-
pean Timber Corporation Ltd. took place between 1924 
and 1929, with the contracted annual timber harvest 
of approximately 400,000  m³ (Mysiak 2020). Under 
the agreement with the Polish government, the com-
pany was responsible for logging, while reforestation 
remained the obligation of the Polish side. Due to the 
vast area of clear‑cuts and limited nursery resources 
(their total area was only about 60 ha), the predominant 
regeneration method, as noted above, was natural suc-
cession.

For a  short period immediately after clear-cut-
ting, the lower vegetation layers were suppressed. In 
subsequent years, however, herbaceous vegetation, 
shrubs and natural tree regeneration developed rap-
idly (Więcko 1980), leading to a secondary succession 
sequence from Rubus idaeus L. communities towards 
Tilio-Carpinetum type associations (Falińska 2012). 
Under such conditions, a  natural canopy of pioneer 
species formed, providing gradually increasing shade. 

Figure 3. Placement of a group of old silver fir trees at the age about 100 years in Białowieża Forest (Tab. 1, subcompartment 
498 Ci; Table 2, trees ID – 1, 2, 3, 4, 5) (photo by A. Marozau)
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Silver fir and Norway spruce share similar shade re-
quirements during their juvenile stages, which sup-
ports the idea that silver fir seeds were sown under 
the developing secondary canopy of species such as 
Carpinus betulus L., Betula pendula Roth, Populus 
tremula L. and Salix spp. (Paczoski 1930; Brzeziecki 
2018), where shade-tolerant spruce also naturally 
regenerated, rather than on open clear-cuts. In this 
context, it should be noted that according to forest 
management data (Decyzja... 2012), both silver fir 
and spruce, as well as birch, in subcompartment 498 
Ci were of the same age – namely, 98 years in 2022, 
which aligns closely with our unpublished data (Mate-
rials and Methods section). 

The radial growth of nearly 100-year-old silver firs 
was very weak in the first years of ontogenesis (Fig. 4), 
which supports the hypothesis of their establishment 
under a  canopy of pioneer species. Had sowing taken 
place immediately after felling on an open site where 
secondary succession was delayed (e.g., due to the in-
tensive development of Calamagrostis arundinacea 
(L.) Roth), one would expect an initial phase of vigorous 
early growth followed by an earlier growth slowdown 
and senescence (Bernadzki 2008). No such pattern was 
observed. Instead, the growth dynamics correspond to 
the typical life cycle of a  late‑successional species es-
tablished under partial shade. Despite their considerable 
age, the old silver firs do not show specific morphologi-
cal modifications, such as the so-called ‘stork’s nest’ 
(Marozau et al. 2021), which would indicate a cessation 
of height growth (Jaworski and Paluch 2007). On the 
contrary, their crowns remain pointed and, as noted, 
fruiting is abundant (Fig. 1).

Genetic variation in silver fir is a key determinant 
of its adaptive potential along environmental gradi-
ents, particularly altitudinal and latitudinal clines. 
Studies of European lowland A.  alba stands, located 
within or beyond the continuous natural range, indi-
cate that standing genetic variation supports local ad-
aptation to summer drought and late spring frost typi-
cal of north-eastern Europe (Bergmann et al. 1990; 

Coşgun et al. 2025). These patterns underscore the 
critical role of preserving high-diversity sources for 
assisted migration and restoration programmes under 
ongoing climate change (Kremer et al. 2025). Based 
on earlier analyses of 17 loci from 11 isoenzyme sys-
tems, the level of genetic variability in silver firs from 
subcompartment 498 Cg (the previous designation of 
subcompartment 498 Ci investigated in the present 
study) was relatively high compared to the relic Bela-
rusian Tisovik population, and similar to other stands 
and populations from the species’ continuous range, 
including Skarżysko and Tomaszów Lubelski (Me-
jnartowicz 1996). Specific parameters for subcom-
partment 498 Cg – mean number of alleles per locus 
(1.588), mean number of alleles per polymorphic locus 
(2.429), percentage of polymorphic loci (99% crite-
rion) = 41.176%, observed heterozygosity (Hₒ) = 0.140 
and expected heterozygosity (Hₑ) = 0.138 –  indicated 
a moderate level of intrapopulation variability, with Hₒ 
close to Hₑ, suggesting no significant excess or deficit 
of heterozygotes (Mejnartowicz 1996). 

It is reasonable to assume that the silver firs from 
subcompartment 498Ci, studied here, may have simi-
lar genetic‑variability parameters to those revealed by 
Mejnartowicz (1996) and thus may also be character-
ized by relatively high genetic diversity. This, in turn, 
suggests the introduction of genetic material from ar-
eas with greater diversity (e.g., German populations), 
potentially supporting hybridization and genetic en-
richment of the studied stands. In this context, it would 
be worthwhile to examine whether gene flow between 
neighbouring populations affects the adaptive poten-
tial of silver firs from subcompartment 498Ci to the lo-
cal environmental conditions of the Białowieża Forest, 
similar to what has been demonstrated for the monu-
mental spruces there in the face of recent bark beetle 
outbreaks (Nowakowska et al. 2020; Kamińska et al. 
2021).

However, another plausible scenario is that the 
seeds were obtained from nearby island populations of 
silver fir located at the northern margin of the species’ 

Figure 4. Core sample one of the studied silver fir trees in Białowieża Forest (Tab. 2, tree ID 9) (photo by K. Pilch) 
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natural distribution range (e.g., Jata, Jedlina, Topór and 
Rudka) (Abramowicz 1952). The Tisovik reserve in the 
Belarusian part of the Białowieża Forest, situated only 
about 8 km from plot 6 (Tab. 1), hosts an autochthonous 
silver fir population, but genetic studies, as mentioned 
above, suggest a different origin for the analysed stands 
(Mejnartowicz 1996).

The most probable explanation for the establish-
ment of these silver fir stands is that a  local forest-
er, interested in experimenting with the species, ob-
tained seeds from available sources and sowed them 
on clear‑cuts created during interwar logging. This 
activity may have been carried out on a  relatively 
small scale, possibly without formal documentation, 
as a personal initiative. The resulting stands, although 
limited in area, have survived to the present day and 
now represent unique objects from both scientific and 
practical perspectives.

The final answer regarding the origin of silver fir in 
the Białowieża Forest could be obtained through com-
parative genetic studies of different A. alba populations 
in Europe and Poland. Such studies, currently under-
way at the Institute of Forest Sciences of the Białystok 
University of Technology, will help identify potential 
source populations and clarify whether the Białowieża 
stands are more closely related to German, southern 
Polish or local island populations at the north‑eastern 
edge of the species’ range.

Conclusions

Outside its natural range, mature silver fir grows in 
nine plots in the Polish part of the Białowieża Forest. It 
emerged in the first half of the 20th century, probably 
as a  result of seeding in clear-cuts under the canopy 
of naturally regenerated pioneer species. Now about 
100 years old, the late-successional, shade-tolerant 
A. alba retains pointed crowns and bears fruit almost 
annually. Reproductive generations of varying ages 
are  forming  (subject to fencing), indicating that the 
environment meets the requirements of the species. In 
light of ongoing changes in forest ecosystems, these 
stands have significant scientific and practical impor-
tance. 

Previous analyses of the genetic structure of isolat-
ed A. alba populations, such as those in the Białowieża 

Forest, underscore the critical importance of monitor-
ing gene flow between relict and introduced stands. 
This process may significantly influence the long-term 
stability of forest ecosystems under climate change and 
biotic pressures. These dynamics should be assessed in 
further genomic research using DNA markers to obtain 
a more precise picture of the genetic processes involved. 
Further comparative genetic studies of silver fir popula-
tions in Europe and Poland are essential to confirm the 
provenance of the seeds used in the Białowieża Forest 
and to better characterize the adaptive potential of these 
stands. 

Acknowledgement

The authors express their sincere gratitude to M.A. Ka-
mil Pilch and M.A. Karolina Gabrysiak for their invalu-
able technical assistance in photographing the study 
objects. This research was supported by the Polish Min-
istry of Science and Higher Education (grant WZ/WB-
INL/2/2025).

References

Abramowicz, A. 1952. Nowe stanowiska jodły na pół-
nocno wschodniej granicy zasięgu. Rocznik Den-
drologiczny, 8, 145–161.

Aitken, S.N., Yeaman, S., Holliday, J.A., Wang, T., 
Curtis‑McLane, S. 2008. Adaptation, migration or 
extirpation: climate change outcomes for tree pop-
ulations. Evolutionary Applications, 1 (1), 95–111. 
DOI: 10.1111/j.1752‑4571.2007.00013.x.

Bardzajn, W. 2010. Provenance and family variation of 
silver fir (Abies alba Mill.) in the experiment estab-
lished in the Siemianice Forest Experimental Sta-
tion in 1996. Annals of Warsaw University of Life 
Sciences – SGGW. Forestry and Wood Technology, 
73, 51–64.

Będkowski, M. et al. 2021. Effect of planting method 
on the growth and silvicultural quality of silver fir 
(Abies alba Mill.) in the Bieszczady Mountains. 
Sylwan, 165 (7), 542–553. DOI: 10.26202/syl-
wan.2021062.

Bergmann, F., Gregorius, H.‑R., Larsen, J.B. 1990. Lev-
els of genetic variation in European silver fir (Abies 



Folia Forestalia Polonica, Series A – Forestry, 2026, Vol. 68 (1), 9–20

Aleh Marozau, Tomasz Oszako, Piotr Borowik, Justyna Anna Nowakowska18

alba) – are they related to the species’ decline? Ge-
netica, 82 (1), 1–10.

Bernadzki, E. 2008. Jodła pospolita: ekologia, zagroże-
nia, hodowla. In: Drzewa Polskich Lasów. Poradnik 
Leśnika. Państwowe Wydawnictwo Rolnicze i Le-
śne, Warszawa, Poland. 

Boczoń, A., Sałachewicz, A. 2022. Warunki klimatycz-
ne Puszczy Białowieskiej. In: Aktualny stan Pusz-
czy Białowieskiej na podstawie wyników projektu 
LIFE+ ForBioSensing (ed. K. Stereńczak). Oficyna 
Wydawnicza Liber Novum, Sękocin Stary, Poland, 
19–35. 

Bruchwald, A. 1999. Dendrometria. Wydawnictwo 
SGGW, Warszawa, Poland. 

Brzeziecki, B., Andrzejczyk, T., Żybura, H. 2018. Natu-
ral regeneration of trees in the Białowieża Forest. 
Sylwan, 162 (11), 883–896.

Coşgun, S. et al. 2025. Exploring the connection be-
tween climatic conditions and genetic properties of 
Abies alba Mill., including warm and summer‑dry 
Mediterranean environments. Science of the Total 
Environment, 964, 178559. DOI: 10.1016/j.scito-
tenv.2025.178559.

Czuraj, M. 1991. Tablice miąższości kłód odziomko-
wych i drzew stojących. Państwowe Wydawnictwo 
Rolnicze i Leśne, Warszawa, Poland. 

Decyzja Ministra Środowiska o  zatwierdzeniu Pla-
nu urządzenia lasu dla Nadleśnictwa Białowie-
ża na lata 2012–2021. 2012. Warszawa, DLP-
-lpn-611-31/40283/12.

Dobrowolska, D., Olszowska, G., Pawlak, P. 2015. 
Weryfikacja istniejących zasięgów występowania 
głównych lasotwórczych gatunków drzew w Polsce 
na podstawie nowych badań. Jodła pospolita (Abies 
alba Mill.) w  badaniach hodowlanych na terenie 
Polski. BLP‑358, appendix No. 27. Available at: 
https://tbr.lasy.gov.pl/apex/f?p=102:3:::NO::P3_TE-
MAT:3483.

Dobrowolska, D., Boncina, A., Klumpp, R. 2017. Ecol-
ogy and silviculture of silver fir (Abies alba Mill.): 
a review. Journal of Forest Research, 22 (1), 1–10. 
DOI: 10.1080/13416979.2017.1386021.

Dyderski, M.K., Paź, S., Frelich, L.E., Jagodziński, A.M. 
2018. How much does climate change threaten Eu-
ropean forest tree species distributions? Global 
Change Biology, 24 (3), 1150–1163. DOI: 10.1111/
gcb.13925.

Dziubałtowski, S. 1930. Rezerwat jodłowy w Mieni pod 
Mińskiem Mazowieckim. Las Polski, 1, 12–21.

Falińska, K. 2012. Ekologia roślin. PWN, Warszawa, 
Poland. 

Faliński, J., Kujawa-Pawlaczyk, J., Adamowski, W. 
1992. Indeks gatunków roślin odnotowanych 
w  dziele Lasy Białowieży Józefa Paczoskiego 
(1930). Phytocoenosis, 4, Supplementum Bibliogra-
phiae Geobotanicae, 4, 1–40. 

Graudal, L. et al. 2020. The state of the world’s forest 
genetic resources – thematic study. Indicators of the 
genetic diversity of the trees – state, pressure, ben-
efit and response. Food and Agriculture Organiza-
tion of the United Nations, Rome. 

Grygoruk, M., Grummo, D., Osuch, P. 2022. Wizja 
renaturyzacji hydrologicznej dla Puszczy Biało-
wieskiej. Ekspertyza hydrologiczna. Warszawa, 
Poland.

Gunia, S., Kowalski, M. 1968. Jodła pospolita (Abies 
alba Mill.) w  Puszczy Białowieskiej. Sylwan, 3, 
59–66.

Huth, F., Wehnert, A., Tiebel, K., Wagner, S. 2017. Di-
rect seeding of silver fir (Abies alba Mill.) to con-
vert Norway spruce (Picea abies L.) forests in Eu-
rope: a  review. Forest Ecology and Management, 
403, 61–78. DOI: 10.1016/j.foreco.2017.08.017.

Jaroszewicz, B. et al. 2019. Białowieża Forest – a relic of 
the high naturalness of European forests. Forests, 
10 (10), 849. DOI: 10.3390/f10100849.

Jaworski, A., Paluch, J. 2007. Charakterystyka cech 
morfologicznych jodeł w drzewostanach o struktu-
rze przerębowej Beskidów Zachodnich. Leśne Pra-
ce Badawcze, 3, 7–31.

Kabała, C., Ksepko, M., Musiał, P. 2021. Różnorodność 
typologiczna i  fizykochemiczna gleb rdzawych 
Puszczy Białowieskiej. Soil Science Annual, 72 (4), 
143900. DOI: 10.37501/soilsa/143900.

Kamińska, A., Lisiewicz, M., Kraszewski, B., Stereń-
czak, K. 2021. Mass outbreaks and factors related 
to the spatial dynamics of spruce bark beetle (Ips 
typographus) dieback considering diverse manage-
ment regimes in the Białowieża Forest. Forest Ecol-
ogy and Management, 498, 119530. DOI: 10.1016/j.
foreco.2021.119530.

Korczyk, A. 1995. Protection and conservation of gene 
resources of forest trees in the Białowieża Forest. 
In: Protection of forest ecosystems biodiversity 



Folia Forestalia Polonica, Series A – Forestry, 2026, Vol. 68 (1), 9–20

Reconstructing the origin of silver fir (Abies alba Mill.) stands in the Białowieża Forest 19

of Białowieża Primeval Forest (eds. P. Paschalis, 
K. Rykowski, S. Zajączkowski). Warszawa, Poland, 
95–102. 

Korczyk, A.F. 1999. Evaluation of the genetic and breed-
ing value of natural populations of silver fir (Abies 
alba Mill.) from the eastern range of its occurrence 
in Poland. Zeszyty Naukowe Akademii Rolniczej im. 
H. Kołłątaja w Krakowie, 339, 155–170.

Korczyk, A.F. 2008. Inwentaryzacja drzew starych 
i  drzew gatunków ginących w Puszczy Białowie-
skiej. Leśne Prace Badawcze, 69 (2), 117–126.

Kosel, B., Pirożnikow, E., Kulbacka, A., Jędrzejewska, B. 
(eds). 2022. In the shadow of the Białowieża Forest. 
An illustrated guide to the interwar history of the 
forest, its owners and inhabitants. Ośrodek Kultury 
Leśnej w Gołuchowie, Gołuchów, Poland. 

Kremer, A., Chen, J., Lascoux, M. 2025. “Chimes of 
resilience”: what makes forest trees genetically 
resilient? New Phytologist, 246, 1934–1951. DOI: 
10.1111/nph.70108.

Kujawa, A. et al. 2016. The Białowieża Forest – a UN-
ESCO Natural Heritage Site –  protection priori-
ties. Leśne Prace Badawcze, 77 (4), 302–323. DOI: 
10.1515/frp‑2016‑0032.

Lewandowski, A. 2014. Kwestia rodzimości polskich 
populacji w świetle XIX‑ i XX‑wiecznego importu 
nasion – przykład świerka pospolitego. In: Zimowa 
Szkoła Leśna przy Instytucie Badawczym Leśnic-
twa, VI sesja: Przyrodnicze, społeczne i gospodar-
cze uwarunkowania oraz cele hodowli lasu. Sęko-
cin Stary, Poland.

Marozau, A. et al. 2021. European silver fir – an alter-
native for the dying Norway spruce in Białowieża 
Forest? Folia Forestalia Polonica, Series A – For-
estry, 62 (1), 150–166. DOI: 10.2478/ffp‑2021‑0016.

Marsz, A.A., Styszyńska, A. 2018. Przebieg tem-
peratury zim na obszarze Polski w  latach 
1720–2015. Prace Geograficzne, 155, 85–138. DOI: 
10.4467/20833113PG.18.018.9541.

Mejnartowicz, L. 1996. Cisovka – the relic population of 
Abies alba and its relationship to man‑made silver 
fir stands in Białowieża Primeval Forest. Acta So-
cietatis Botanicorum Poloniae, 65 (3/4), 319–328.

Mysiak, W. 2020. Eksploatacja Puszczy Białowieskiej 
przez firmę The Century European Timber Cor-
poration w  latach 1924–1929. Studia i  Materiały 
Ośrodka Kultury Leśnej, 19, 195–219.

Nei, M. 1972. Genetic distance between popula-
tions. American Naturalist, 106, 283–292. DOI: 
10.1086/282771.

Nowakowska, J.A. et al. 2017. Pochodzenie drzewosta-
nów świerkowych (Picea abies L. Karst.) z Puszczy 
Białowieskiej na tle regionu RDLP Białystok na 
podstawie analiz mitochondrialnego DNA. Sylwan, 
161 (1), 40–51.

Nowakowska, J.A., Hsiang, T., Patynek, P., Stereń-
czak,  K., Olejarski, I., Oszako, T. 2020. Health 
assessment and genetic structure of monumental 
Norway spruce trees during a bark beetle (Ips ty-
pographus L.) outbreak in the Białowieża Forest 
District, Poland. Forests, 11 (6), 647. DOI: 10.3390/
f11060647.

Paczoski, J. 1930. Lasy Białowieży. PROP, Poznań, Po-
land.

Paluch, R. 2022. Historia drzewostanów Puszczy Biało-
wieskiej. In: Aktualny stan Puszczy Białowieskiej 
na podstawie wyników projektu LIFE+ ForBioSen-
sing (ed. K. Stereńczak). Oficyna Wydawnicza Li-
ber Novum, Sękocin Stary, Poland. 

Pilat, K. 1929. Nowoczesna organizacja nasiennictwa 
leśnego na tle zagadnień genetycznych i wyników 
badań doświadczalnych. Sylwan, 47 (1), 1–38.

Środoń, A. 1983. The history of fir in Poland. In: Jodła 
pospolita Abies alba Mill. Nasze Drzewa Leśne 
(ed. S. Białobok). PWN, Warszawa–Poznań, Po-
land. 

Szmyt, J. 2020. Hodowla lasu wobec zmian klimatyc-
znych –  wyzwania, ograniczenia, perspektywa. 
Sylwan, 164 (11), 881–895.

Szymański, S. 2000. Ekologiczne podstawy hodowli 
lasu. Państwowe Wydawnictwo Rolnicze i Leśne, 
Warszawa, Poland. 

Szymkiewicz, B. 2001. Tablice zasobności i przyrostu 
drzewostanów. Państwowe Wydawnictwo Rolnicze 
i Leśne, Warszawa, Poland. 

Suszka, B. 1983. Rozmnażanie generatywne. In: Jodła 
pospolita Abies alba Mill. Nasze Drzewa Leśne 
(ed. S. Białobok). PWN, Warszawa–Poznań, Po-
land. 

Suszka, B. 2008. Treatment of Abies alba Mill. seeds 
originating from the Karkonosze National Park. In: 
Jodła pospolita w Karkonoskim Parku Narodowym 
(eds. W. Bardzajn, A. Raj). Karkonoski Park Naro-
dowy, Jelenia Góra, Poland. 



Folia Forestalia Polonica, Series A – Forestry, 2026, Vol. 68 (1), 9–20

Aleh Marozau, Tomasz Oszako, Piotr Borowik, Justyna Anna Nowakowska20

Tumiłowicz, J. 1966. Jodła pospolita (Abies alba Mill.) 
w  lasach Krainy Mazursko-Podlaskiej. Sylwan, 
110, 1–17.

Vitasse, Y. et al. 2019. What is the potential of silver 
fir to thrive under warmer and drier climate? Euro-
pean Journal of Forest Research, 138 (4), 547–560. 
DOI: 10.1007/s10342‑019‑01192‑4.

Wesoły, W., Hauke, M. 2009. Szkółkarstwo leśne od 
A  do Z. Centrum Informacyjne Lasów Państwo-
wych, Warszawa, Poland. 

Więcko, E. 1980. Gospodarka w Puszczy Białowieskiej 
między pierwszą i drugą wojną światową. Sylwan, 
124 (8), 55–65.

Więcko, E. 1984. Puszcza Białowieska. Ośrodek Badań 
Naukowych w Białymstoku, PWN, Warszawa, Po-
land. 

Zeliński, T. 1952. Jodła. Państwowe Wydawnictwo Rol-
nicze i Leśne, Warszawa, Poland.




