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Asstracr. The research covered 46 areas (each 400 sq.m) located in nine regions of the Kampinos National
Park. This research is the result of field work carried out three times in years: 2007, 2012 and 2018. Dead
wood measurements are one of the elements of testing on solid surfaces, which also includes vegetation,
soil and stand.

The average dead wood content in the Kampinos National Park over the past 11 years on long-term surfaces
increased by 53% (from averages 35.59 m’/ha in 2007 to 54.37 m®/ha in 2018). Areas located in strictly
protected zones showed greater abundance of dead wood in relation to the surface in active protection,
and this difference is significant. On the surfaces covered by both forms of protection, during 11 years of
research an increase in dead wood resources was noted, but only in areas covered by active protection it was
statistically significant. In terms of the type of stand, oak stands with the average thickness of standing and
lying wood in 2018 amounting to 110.70 m®/ha are the richest in dead wood, and the poorest pine stands
with an average of 20.07 m®/ha. The results obtained on solid surfaces indicate a much greater richness of
dead wood in the forests of the Kampinos National Park compared to the lowland state forests. However,
due to the relatively small number of areas covered by the study, this work contributes to the knowledge of
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dead wood resources in this area and does not exhaust the need for a complete inventory.
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INTRODUCTION

The temperate deciduous forests are one of the most
disturbed and threatened ecosystems in the world
(PeTErkeN 1996). Contemporary intensive forest
management has dramatically changed the structure
of such forests in Europe (HELIOVAARA & VAISANEN
1984, Kirsy et al. 1991, Miko & Hosek 2009). As a
result, the number of natural or semi-natural tem-
perate zone forests has fallen sharply (ANDERssON &
LOFGREN 2000, NiLssoN et al. 2001). One of the most
important changes is the decrease in the amount
of dead wood, both inside and outside the reserves
(FrRipMAN & WaLHEIM 2000). Dead wood is essential
for biodiversity and ecosystem services (HARMON et
al. 1986). Fallen dead wood ensures regeneration
of the forest in a cool boreal and mountain climate
(TakaHasHI et al. 2000). It can also act as an important

element that accumulates water in the dry season
(Maser & Traprpe 1984), as well as store nutrients in
the long term ensuring continuous supply of organic
substances in the process of humification (HarMON
et al. 1986). In addition, dead wood is the living en-
vironment for many species of fungi (RENvALL et al.
1991), mosses (ANDERssON & HyrTeBorN 1991) and
invertebrates (PaLm 1955). In forests, dead wood oc-
curs in the form of standing, broken or felled trees,
as well as branches and pieces of bark lying on the
ground, as well as roots, carp and stumps (HARMON
et al. 1986). In addition, dead wood appears in the
forest both as a result of competition between trees
and as a result of biotic-induced disorders (HARMON
et al. 1986, Stevens 1997). Knowledge of dead wood
and its biology is therefore needed as part of ongoing
programs to protect and restore temperate forests.
Most of the existing literature on dead wood relates
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to the boreal zone, where productivity is lower and
where conifers dominate (NiLssoN et al. 2002). The
Kampinos Forest due to its location at the confluence
of three large rivers and the vicinity of Warsaw, has
been transformed by man for centuries. Thanks to
the establishment of the first “Granica” and “Siera-
kow” reserves in the 1930s, and in 1959 the creation
of a national park, it was possible to preserve the re-
mains of the former forest. The Kampinos National
Park is the second largest national park in Poland. It
covers the historical areas of the Kampinos Forest,
reaches north on the right bank of the Vistula River,
south covers a fragment of the Lowicz-Blonsk Plain.
The cultural and natural values of this area were the
basis for the creation of the UNESCO MaB “Puszcza
Kampinoska” in 2000. Due to the richness of species
and the occurrence of valuable natural habitats, the
main park complex has been included in the Europe-
an Ecological Network Natura 2000 (PLC 140001).

Contemporary vegetation of the Kampinos Na-
tional Park is the effect of geographical location, en-
vironmental conditions and anthropopressure. The
location of the area decided on a relatively poor spe-
cies composition of dominant trees in forest commu-
nities, limited in this case to Scots pine, pedunculate
and sessile oak, black alder, silver birch and mossy
birch. The forest lies in the area of spruce dysfunc-
tion, out of reach of fir and beech (MaTUszKIEWICZ
2003).

In terms of the area occupied, the Kampinos Na-
tional Park is dominated by forests (about 73% of
the park’s area), representing all 21 complexes in the
central part of the Polish Lowland. Scots pine Pinus
sylvestris is currently the most abundant species in the
stands of the Kampinos forest. This is due to natural
factors — geographical location and geomorphology
of the area, but is also the result of past forest man-
agement. According to the current inventory, this
species prevails on 69% of the forest area, i.e. 18.5
thousand ha (Operar... 2002). Among pine stands,
1/5 has reached over 100 years, and among alder 1/3
it has reached over 60 years. In the Kampinos Na-
tional Park, mature stands form compact complexes,
while younger ones are most often found in mosaics
with non-forest communities. Currently, strict pro-
tection is implemented in 22 areas, on a total area
of 4.6 thousand ha, which is 12% of the park area.
Despite the dominance of forests in the vegetation of
the Kampinos National Park, relatively little research
is devoted to stands.

The aim of the study was to learn about the trans-
formation of dead wood resources over 11 years de-
pending on the type and age of the stands and the
method of protection.

MATERIAL AND METHODS

The research covered 46 research areas located in
nine regions of the Kampinos National Park. This
research is the result of field work on surfaces for
long-term testing carried out in 2018. It was the
third entry with stand measurements, the previous
two cycles took place in 2007 and 2012. Dead wood
measurements in one of the elements of research on
solid surfaces, which also include vegetation, soil
and stand (FercHMIN et al. 2002, CzePINSKA-KAMINSKA
et al. 2007, OtreBA & Torzewski 2012).

Dead wood was measured using the surface
method, strictly referring to the limits of the 4-ares
(20 m x 20 m) long-term surfaces, which corners are
permanently marked in the field. Dead standing trees
(whole and broken), which DBH in the bark exceed-
ed 7 cm, were measured, in accordance with gener-
ally accepted standards for thicknesses (CzErepko et
al. 2008, JaBroxski et al. 2014). Species were deter-
mined for standing dead trees, the DBH was meas-
ured in two directions using a calipers and height
using a Sunnto altimeter. Measuring was lying wood,
half of which was at least 5 cm thick and 0.5 m long.
Length was measured with tape with an accuracy of
0.1 m, and thickness in one direction with a diame-
ter gauge with an accuracy of 0.1 cm (or 0.5 cm for
classes with advanced distribution). The position of
standing trees and deadwood was plotted. Calcula-
tion of the thickness of dead trees standing according
to the Denzin formula, whereas dead lying wood was
calculated from the middle section formula (Bruchu-
waLD 1999). Obtained thicknesses of dead wood on
individual surfaces were converted into 1 ha.

For the purposes of the analysis, distinguished
groups of surfaces characterised:

— type of stand (according to the dominant species),
— group of age of the stand (according to data

from the forest management survey, as of 2018).

Stands representing the generally accepted age

management in forest management, due to the

insufficient number of areas, were combined into
three groups of form of protection (active and
strict): 1 group — stands of I, IT and IIT age classes

(< 60 years), 2 group — stands of IV, V, VI class

age (60-120 years), 3rd group — stands from VII

to XI age class (> 120 years).

Among of the long-term surfaces, pine (19 are-
as) and alder (12 areas) stands dominated, oak and
birch stands constituted 33% of the total (Fig. 1).
Among the pine stands, a significant part represents
pine forests with varying degrees of fertility and hu-
midity (12 plots), moreover in one plot high-forest
oak-hornbeam was found, and for other species of
undergrowth indicate belonging to the classes of
non-forest vegetation: Koelerio-Corynephoretea (4 area),
Nardo-Callunetea (1 area), Phragmitetea (1 area) (SoLoN
& ZaniEewski 2018). Alder stands represent typical



Resources of dead wood on surfaces for long-term research in the Kampinos National Park

213

) H
8 —

6
4 P
. H I : 1]
VAR
2

| ] [l Vi Vil vill IX X X
1 3

mBe
mQu
mPi

Number of Surfaces

N

e

Age
class
Age group
Fig. 1. Share of dominant species in stands on monitoring
plots broken down by age classes

Stand of trees: Be — Betula pendula, Qu — Quercus robur, Pi — Pinus
sylvestris, Al — Alnus glutinosa.

Age group: 1 — < 60 years, 2 — 60-120 years, 3 — > 120 years.

alder Ribeso nigri-Alnetum (5 plots), riparian commu-
nities from the Alno-Ulmion compound (3 plots), low
oak-hornbeam Tilio-Carpinetum stachyetosum sylvaticae
(1 plot) and succession stages classified as Magnocari-
cion (3 plots) area. The oak stands are oak-hornbeam
Tilio-Carpinetum with varying degrees of fertility, and
in one case the Fraxino-Alnetum alder-ash forest bed.
In the case of birch stands, only one area represents
a typical forest community — wet mixed forest Quer-
co-Pinetum molinietosum, the others are successive
stages in wet habitats — Magnocaricion or dry habitat —
Koelerio-Corynephoretea class or Nardo-Callunetea class.

The stands on the research plots varied in age,
from the youngest belonging to the 1st century class
to over 200 years old from the 11th century. Stands
represented by the II age class (26%) and class VI
(17%) were the most numerous, other age classes
did not exceed 10% of the total (Fig. 1).

The differences in the tested elements were de-
veloped using statistical methods, using the Statis-
tica 13.1 program. The normality of the distribution
of the analysed elements was also checked by the
Shapiro-Wilk test, the homogeneity of variance was
checked by the Brown-Forsyth test. The Friedman test
was used to investigate the diversity of the above-dis-
cussed mean values between test cycles. To assess the
significance of differences between the two forms of
protection used Mann-Whitney U tests.

RESULTS

Dead wood resources on 46 long-term surfaces of the
Kampinos National Park averaged (lying + standing)
35.59 m3/hain 2007 and 54.37 m3*/hain 2018, which
is an increase of 53% compared to the beginning of
measurements. The amount of dead wood lying in-
creased by 120% and averaged 12.60 m*/ha in 2007
and 26.69 m®/ha in 2018. The resources of dead wood
standing increased by 20% (22.99 m®/ha in 2007 and
27.68 m’/ha in 2018). Areas located in strictly pro-
tected zones showed greater abundance of dead wood
in relation to the surface in active protection, and this
difference is significant (p = 0.008 in 2007; p = 0.002
in 2018). Volume of dead wood in strictly protected
areas, increased of 41%, On average, in 2007, the
volume amounted to 61.76 m?/ha, and 87.18 m3®/ha
2018 on these surfaces. The amount of dead wood in
areas under active protection increased by 110% and
amounted to 11.59 m?/ha in 2007 and 24.30 m®/ha
on average (Table 1). As a result of statistical tests,
significant differences were found in the amount of
dead wood in 2007-2018 on areas under active pro-
tection (p = 0.01). However, the amount of dead
wood in 2007-2018 in strict protection is not signifi-
cantly differentiated (p = 0.64). Analysing dead wood
lying in 2007-2018 in relation to the forms of protec-
tion used, both the areas covered by active protection
(p = 0.003) and strict (p = 0.004) are significantly
differentiated. In the case of dead wood standing in
both active (p = 0.076) and strict (p = 0.873) protec-
tion, the data are not significantly differentiated.

In terms of the type of stand, the most abundant
in dead wood are stands classified as oak. The average
volume in 2007 was 85.09 m®/ha and increased over
the years by 30% compared to the beginning of meas-
urements. The poorest are the pine stands, the average
amount of dead wood from all cycles is 17.88 m®/ha.
The largest fluctuations in the abundance of dead
wood were recorded in stands with the dominance of
birch, over 11 years there was an increase by over 18
times from 4.03 m®/ha to 72.94 m3/ha in 2018. As a
result of statistical tests, the amount of dead wood
in 2007-2018 in relation to the type of stand is sig-
nificantly differentiated only in stands with the dom-
inance of birch (p = 0.049, Table 2). Among all age

Table 1. Summary information on average resources of dead wood (m?/ha) on the studied surfaces

. 2007 2012 2018

Form of protection N - - - - - -
lying standing lying standing lying standing
Active 24 4.55 7.05 4.42 6.14 7.78 16.52
Strict 22 21.38 40.38 22.39 39.46 47.32 39.86
Sum 46 12.60 22.99 13.01 22.08 26.69 27.68
Dead wood (lying and standing)

Active 24 11.59 10.57 24.30
Strict 22 61.76 61.85 87.18
Sum 46 35.59 35.09 54.37
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Table 2. Summary information on average dead wood (m?®/ha) resources depending on the type of tree stand

2007 2012 2018
Tree stand N - - - P
min. max. average min. max. average min. max. average
Al 12 0.00 184.18 41.58 0.00 164.29 41.81 0.00 137.48 57.17 0.306
Pi 19 0.00 118.15 18.32 0.00 79.01 15.24 0.00 69.49 20.07 0.181
Qu 9 1.69 375.08 85.09 2.45 349.56 81.75 1.04 327.55 110.70 0.235
Be 6 0.00 11.93 4.03 0.00 71.09 14.54 0.00 331.85 72.94 0.049
Stand of trees: Al — Alnus glutinosa, Be — Betula pendula, Qu — Quercus robur, Pi — Pinus sylvestris.
Table 3. Summary information on average dead wood (m3/ha) resources depending on age group of stand
2007 2012 2018
Age group N ; : : P
min. max. average min. max. average min. max. average
1 15 0.00 22.95 5.48 0.00 47.59 7.56 0.00 103.67 23.81 0.118
2 18 0.15 77.36 27.04 0.00 86.90 32.52 0.22 331.85 62.91 0.032
3 13 0.16 375.08 82.16 1.28 349.56 70.41 1.04 327.55 77.82 0.053

Age group: 1 — < 60 years old, 2 — 60-120 years old, 3 - > 120 years old.

groups, the most abundant in dead wood are stands
above 120 years (3rd group), in which the average
resources from the three testing cycles amounted to
76.80 m*/ha. In contrast to the other two groups,
these stands recorded a slight decrease (5%) of dead
wood resources during 11 years of research. In the
middle ages stands (60-120 years, group 2), within
11 years an increase in the amount of standing and
lying wood was found by 133%, and this difference
was statistically significant (Table 3).

DISCUSSION

The estimation of dead wood resources in forest eco-
systems depends on many factors. The occurrence of
dead organic matter in the forest is primarily affected
by the potential of the forest, stand characteristics
and habitat features including humidity and type of
use such as conservation status (HARMON et al. 1986,
Wourski 2003, Bujoczek 2012). Dead wood is an el-
ement found in huge quantities in natural forests.
NiLsson et al. (2002) estimate that before the expan-
sion of man, there was an average of 130-150 m*®/ha
in European forests. Others, on the other hand,
report values reaching almost 275 m?/ha (Dup-
LEY & VaLLaurt 2004). In Polish national parks, the
amount of dead wood was estimated at 37.4 m®/ha
in 2010-2014 and at 45.0 m%/ha in 2014-2018
(WIELKOOBSZAROWA INWENTARYZACJA... 2015, 2019).
According to recent research, there are 84.5 m3/ha
of dead wood in the forests of the Bialowieza Na-
tional Park, and in nature reserves in this complex as
much as 98.4 m®/ha, with about half falling on Nor-
way spruce (Kuserski & ParuchH 2016). In the State
Forests, dead wood resources are at a much lower
level, which was 5.5 m®/ha on average, and after four
years increased to 7.5 m*/ha. Lowland forests located
in central Poland are particularly poor in this respect.
In the most common pine stands in Poland, there can
be about 2-5 m3/ha (HoLeksa & Macigjewski 2006).

Slightly higher, because at the level of 14 m3/ha, dead
wood resources were found in the muncipial forests
in Warsaw (Skwarek & Bpax 2015). Against this
background, the forests of the Kampinos National
Park with average standing and lying dead wood re-
sources at level 54 in 2018, 4 m®/ ha seems to be very
rich in this respect. Particularly a lot of dead standing
and lying wood was recorded in strict protection ar-
eas (on average 87.2 m3/ha in 2018), which is con-
sistent with the results obtained in five stands in
KNP by TyBurski (2019). It is worth noting that dur-
ing 11 years of research the difference in dead wood
resources between strictly protected and active pro-
tected areas has decreased. While in 2007 there were
6 times more dead wood in strict protection areas
than in active protection areas, in 2018 only 3 times
more (Table 1). It seems that the significant increase
in dead wood resources recorded in protected areas
is an active effect of both leaving a greater dry mass
in recent years and the result of local disturbances —
flooding or windbreaks. Particularly dynamic growth
of dead matter was noted in birch stands. Most of
the area with this species is located on swampy belts,
where in recent years local flooding has occurred due
to increased rainfall or small retention measures.
Their consequence was the dying of young, descend-
ing from the succession of birchwood.

The largest dead wood resources, with an average
exceeding 85 m?®/ha at the beginning of the study,
were recorded in stands with oak dominance. Apart
from one area, they were over 100 years old oak-horn-
beam forests, which have been under strict protec-
tion for decades, which guaranteed the systematic
growth of dead wood in these stands. Similarly, in
the urban forests of Warsaw, the largest amounts of
dead wood were recorded in forest habitats (SKWAREK
& Byaxk 2015). Pine stands proved to be relatively the
poorest in the resources of dead wood, for the most
part pine forests under active protection. This is due
to the ecology of the species, but also to the removal
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of individual dead trees that separated during the de-
velopment of the stand.

Comparison of the obtained results with other ar-
eas is burdened with an error resulting from method-
ological differences in measurements and calculating
the thickness between individual inventories. There-
fore, when compiling the results one should take into
account the order of magnitude and not the detailed
result.

Due to the large diversity of the studied areas
in terms of age and species composition, and a rel-
atively small sample for such a vast forest complex
(random, unevenly distributed in this area), as for
the needs of stand research, the obtained results do
not entitle to generalizations regarding the resources
of dead wood in the entire Kampinos National Park.
The performed research is only a contribution to the
knowledge of dead wood resources in the Kampinos
National Park, and not to fill the gap in this respect.
The strength of these measurements is the fact that
they are carried out on solid surfaces and are part of
interdisciplinary research. This allows the obtained
results to be combined with studies of vegetation
and soil, and to track the transformation of dead
wood resources over time.
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