Studia Ecologiae et Bioethicae
12(2014)4, 115-125

Izabella OLEJNICZAK1
Stefan RUSSEL2
Anna PRĘDECKA3

The impact of experimental forest fire
on collembolan communities
Key words: Collembola, burnt plots, communities, forest
Summary
Our study was carried out in fresh pine mixed forest, Biala Forest, near
Warsaw (52°59’ N, 21°46’ E and 52°79’ N, 21°89’E, Eastern Poland). Three
experimental plots, 1m2 size, were chosen at random and burnt in June.
Material was collected: just after experimental fire (in June ), 30 , 60 and
90 days after fire (respectively: in July, August and September). On every
sampling occasion 10 soil samples of an area of 10 cm2 and a depth of 5 cm
were taken in each sampling plots: burnt plots, in border of burnt plots and
in surroundings of burnt plots.
We found that experimental fire influenced on collembolan densities
(Kruskall-Wallis test, H=8.29, P=0.01). Just after experimental fire we found no collembolans in burnt plots. In a period of 90 days following the
experimental fire densities of springtails of burnt and surroundings were
similar. Euedaphic springtails were the dominating group in burnt plots
and contrary to the border of burnt plots and surroundings, we noticed no
epigeic springtails. Contribution of epigeic, hemiedaphic and euedaphic
species in collembolan communities of investigated areas could point to
different defence strategies of these invertebrates. Immature individuals
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of Collembola were the most numerous in burnt plots and at border of
burnt plots and this phenomenon is probably crucial for reconstruction of
collembolan communities after fire.

1. Introduction
Soil invertebrates, including microarthropods such as springtails
(Collembola) may control soil processes and ecosystem function, (e.g.
Seastedt 1984, Verhoef and Brussard 1990, Setälä and Huhta 1991,
Bardgett and Chan 1999, Prescott 2000). Microarthropods occur in
great number in forest soils, so they are the most important decomposers in forest ecosystems (Petersen and Luxton 1982).
The impact of fire on ecosystem functioning, especially on forest ecosystems became one of the crucial problems in ecology
(Sgardelis and Margaris 1993, Driscoll 1999, Prescott 2000, Collett
2003, Minshall 2003).
The influence of fire on microarthropods is still controversial, because it depends on many factors such as: nature of fire (antropogenic
or wild), fire intensity, fire frequency (Metz and Farrier 1973, Collet
2003, Dress and Boerner 2004). Although there are some studies, the
knowledge about the influence of fire on forest microarthropods is
still scarce (Dress and Boerner 2004).
The aim of presented study was to determine how the experimental
fire may affect density and structure of collembolan communities.
2. Methods
Our study was carried out in fresh pine mixed forest, Biala Forest,
near Warsaw (52°59’ N, 21°46’ E and 52°79’ N, 21°89’E, Eastern Poland).
Podzol gley soil is dominating type of soil in Biala Forest.
During the study period the highest air and litter humidity were
noted in June. The highest air temperature was noted in August, i.e.
in the period of the lowest air and litter humidity.
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We burnt three, chosen at random plots in June 2005. The burnt
plots were 1m2 in size. The experimental fires lasted about 30 minutes, up to total burnt-out of litter and herb layer. After burning we
measured temperature at the ground and the mean temperature was
377ºC. The fire was put out using Protektol SAT-10 and Roteor M.
Material was collected just after controlled fire (in June) and 30, 60
and 90 days after burning, that means in July, August and September.
On every sampling occasion nine soil samples of an area of 10 cm2
and a depth of 5 cm were taken in each sampling plots. So we collected 36 samples in burnt plots (fire), 36 samples at the border of burnt
plots (border) and 36 samples in the area, at a one metre from the
burnt plots 36 (surroundings).
Springtails were extracted in Tullgren’s apparatus and then the
species of Collembola were determined basing on Stach’s (1955),
Fjellberg’s (1998, 2007) keys and on taxonomic papers of Rusek (1982).
Age of individuals was assessed upon their length.
Three groups of springtails’ species were distinguished basing on
their preferences to a soil layer: epigeon, hemiedaphon and euedaphon
(Christiansen 1964).
For statistical analysis nonparametric Wilcoxon’s test of rank differences for pairs and Kruskall-Wallis nonparametric analysis of
variance were used, because the distribution of data was not normal,
even after logarithm transformation.
Species diversity of collembolan communities was calculated
with the Shannon-Wiener index using logarithms at a base of 2.
Hutcheson’s (1970) test was used to check statistical significance of
differences in the H’ index values.
3. Results and discussion
We found significant differences between densities of collembolan
communities in burnt plots, at the border of burnt plots and in the
surroundings of burnt plots (Tab. 1). Also time was the important
factor that affected the abundance of springtail of investigated areas
(Tab. 1).
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Table 1. Results of the ANOVA rank Kruskal-Wallis analysis of the impact of experimental fire (‘place’) and period following the burning (‘time’) on total numbers of
springtails (‘place’ in analysis means data from burnt plots, border of burnt plots
and surroundings; ‘time’ in analysis means data after burning and following days:
30, 60 and 90 after fire)
Sours of variation

Value of the statistic H

df

8.24
15.65

2
3

‘place’
‘time’

Statistical
significance
P=0.01
P=0.001

Just after burning we found no collembolan in burnt plots and
the highest densities of the springtails at the border of burnt plots
(Fig.1). But 60 days following the fire densities of collembolan communities in burnt plots and at the border of burnt plots were similar.
And after 90 days abundance of springtails was almost the same in
all investigated places, i.e. in burnt plots, at the border of burnt plots
and in surroundings (Fig.1).
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Fig. 1. Densities of collembolan communities in burnt plots (fire), at the border of
burnt plots (border) and in the area at a distance of one metre from the burnt plots
(surroundings) (Wilcoxon’s test of rank, P value in one-way statistic test).
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Fourteen species of Collembola were distinguished in collected
material (Tab. 2). Mesaphorura macrochaeta (43% of total number of
individuals) was the dominating species in collembolan communities
of burnt plots (Tab. 2). At the border, such species as Entomobrya
arborea and Parisotoma notabilis , were the most numerous (24% of
total number of individuals) (Tab. 2) . Three species Cryptopygus bipunctatus, Mesaphorura macrochaeta and Pseudachorutella assigilata,
were the most numerous in collembolan communities of surroundings of burnt plots (respectively: 20%, 18% and 16% of total number
of individuals)
Table 2. Dominance structure (% of the total number of individuals in 2005) among
Collembola of different places (where: ‘fire’ means burnt plots, ‘border’ means the
border of burnt plots and surroundings, surroundings means the area around the
burnt plots).
Species
Cryptopygus bipunctatus
Entomobrya arborea
Isotomiella minor
Isotomodes productus
Lepidocyrtus cyaneus
Lepidocyrtus lanuginosus
Mesaphorura macrochaeta
Neanura muscorum
Onychiurus armatus
Parisotoma notabilis
Proisotoma minuta
Pseudachorutella minuta
Schoetella ununguiculata
Stanophorura guadrispina

Fire
0
0
0
8
0
25
43
0
8
0
8
8
0
8

Border
0
24
4
12
0
12
12
4
0
24
0
0
8
0

Surroundings
20
4
10
4
6
6
18
1
0
0
0
6
8
1

Species diversity of collembolan communities measured with the
H’ index, for whole season, was the lowest (P<0.05) in the burnt plots
(Tab. 3). We found no differences between diversity of collembolan
communities of the border of burnt plots and surroundings (Table 3).
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Table 3. Diversity of collembolan communities (for whole season) measured as the
Shannon-Wiener H’ index of the burnt plot (fire), border of the burnt plot (border)
and surroundings of the burnt plot (surroundings).
Fire
2.2

H’index value

Border
2.9

Surroundings
3.2

Euedaphic collembolans were the dominating group of species in
burnt plots and their contribution was clearly lower at the border of
burnt plots (Fig. 2). Epigeic species were present only in collembolan
communities at the border and the surroundings of burnt plots
(Fig. 2).
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Fig. 2. Contribution (% of total numbers of individuals) of ecological groups of
Collembola in burnt plots (fire), at the border of burnt plots (border) and in the
area around of burnt plots (surroundings).

Immature specimens were the most numerous among collembolans of burnt plots and border of burnt plots (Fig. 3).
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Fig. 3. Contribution (% of total numbers of individuals) of immature and adult
springtails of burnt plots (fire), border of burnt plots (border) and the area around
of burnt plots (surroundings).

It is known that microarthropods are the most numerous at
the upper soil layer and litter and their abundance decreases with
a depth (Hale 1966). Wikars and Schimmel (2001) found that the
fire affected the survival of invertebrates, especially that having
thin cuticle. For example collembolans. So it is why many studies
report reduced arthropod abundance immediately following the
fire (e.g Sgardelis and Margaris 1993, Paquin and Coderre 1997,
McCullough et al., 1998, Wikars and Schimmel 2001). In our study
we also noticed severe reduced densities of springtails in burnt plots
just after experimental fire, while we noticed the highest densities of
collembolan communities at the border of the burnt plots following
the fire. Abundance of Collembola was still lower in burnt than in
surroundings after 60 days from the fire. This could be explain by
environment condition, especially soil moister, food availability and
diversity of the habitat that mainly affect the collembolan densities
(Christiansen 1964, Huhta et al. 1967, Anderson 1978, Olejniczak
2000, 2004, 2007) . Totally burnt of litter contributes the lack of food,
optimal microclimates and microhabitats for collembolans (Sgardelis
121

Izabella Olejniczak et al.

and Margaris 1993). But after 90 days collembolan densities in burnt
plots did not differ from those of the borders and surroundings
of burnt plots, what could be explained by colonisation processes.
Vertical migration of Collembola due to climatic condition and food
availability could be one of the possible explanation (Hale 1960,
Lussenhope 1981), but other could be succession (Tokeshi 1993). In our
study Mesaphorura macrochaeta, that belongs to euedaphic group,
living in the soil, was the dominating species among Collembola in
burnt plots. So euedaphic species could survive fire in deeper soil
layers, because the highest temperatures are at the ground and they
rapidly decrease with the depth of soil layer. Epigeic and, especially
hemiedaphic species, living on the surface and/or in the litter, were
characteristic for border of the burnt plots. Springtails that belong to
these groups are able to cover long distances, even several centimetre
per day (Ojala and Huhta 2001). Therefore, contribution of epigeic,
hemiedaphic and euedaphic species in collembolan communities
of investigated areas could point to different defence strategies of
these invertebrates.
Furthermore some collembolans found in our experiment belong to pioneer species, for example Mesaphorura macrochaeta and
Proisotoma minuta (Dunger 1991) and they were able to colonize
rapidly burnt plots.
Fire affect not only densities of microarthropod communities but
also their diversity (Haimi et al. 2000, Liiri et al. 2002). Wikars and
Schimmel (2001) found that the fire reduced species richness. We also
noticed the lowest species diversity of collembolan communities in
burnt plots.
We found that collembolan communities of burnt plots are built
manly by immature specimens. This could be explained by environmental preferences of young individuals of Collembola. They prefer
deeper soil layers (Milne 1962). Thus immature individuals are able
to avoid the fire. This is probably crucial for reconstruction of collembolan communities after the fire.
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