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Clear-cutting can greatly impact red wood ant (Formica rufa group) colonies by 
changing microclimate, altering forage routes and eliminating aphid colonies as a 
food source. However, changed forestry practices in Finland, such as smaller clear-cut 
areas, leaving residual trees, and less intensive site preparation methods used during 
the last decade may result in less detrimental effects on red wood ants. Therefore, we 
studied how the number and size of red wood ant mounds varied between mature, 
140-year-old, Norway spruce, Picea abies (L.) Karst., dominated mixed stands, and 
in 20-year-old and 5-year-old stands planted with Scots pine (Pinus sylvestris L.) in 
eastern Finland, all originating from similar mature forest stands. No red wood ant 
mounds were found in the 20-year-old Scots pine stands, which seems to be due to the 
cutting practices and heavy site preparation used at that time. The mound density in the 
5-year-old stands (2.7 mounds per ha) was not different from that in the mature stands 
(2.9 mounds per ha), which could be a result of lighter harvesting and site prepara-
tion practices. However, the mounds in the 5-year-old clear cut areas were smaller 
in volume and flatter in shape than those in the mature stands. This could be due to 
accelerated organic matter decomposition in the mounds after timber harvest, or large 
mounds may have split into smaller ones as a result of changed environmental or food 
supply conditions. However, five years after clear-cutting and site preparation could be 
too short a time period to observe the degeneration and eventual disappearance of the 
still existing red wood ant mounds.

Introduction

Red wood ants (RWA, Formica rufa group) are 
one of the dominant ecosystem elements in the 
boreal forests of Eurasia. In Finnish forests, ants 
are the dominant predators, scavengers and turn-
ers of soil, and their biomass may comprise up 

to 10% or more of the animal biomass of that 
region (Hölldobler & Wilson 1990). RWAs influ-
ence the forest food web due to their high abun-
dance and diverse roles in the ecosystem (Laakso 
& Setälä 2000). The long-lived, robust colonies 
of RWAs accumulate tree litter (such as conifer-
ous needles, twigs and bark), resin and insects 
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into their mounds (Wisniewski 1967, Maavara 
et al. 1994, Laakso & Setälä 1998). RWAs 
intensively use as a food source the honeydew 
excreted from aphids living on trees (Hölldobler 
& Wilson 1990), and the majority of their diet 
consists of honeydew (Wellenstein 1952, Rosen-
gren & Sundström 1991). Decomposer microbes 
are more abundant inside their mounds as com-
pared with the forest soil (Laakso & Setälä 
1997, 1998). Extensive studies on RWAs have 
concentrated on their social structure (Gößwald 
1989), geographical distribution and density 
(Sudd et al. 1977, Laine & Niemelä 1989), 
population dynamics and behaviour (Klimetzek 
1981), effects on forest health (Finnegan 1976, 
Gößwald 1989), and biodiversity (Laakso & 
Setälä 2000).

In the 1950s, an average RWA mound density 
of 3 ha–1 was found in the most common forest 
site types in southern Finland (Rosengren et al. 
1979). These forest site types are dominated 
by conifers and are of medium fertility. Much 
lower mound densities (0.005–0.32 mounds per 
ha) were reported for Irish, French, German or 
Polish forests (Breen 1979, Klimetzek 1981, 
Szczepanski & Podkowka 1983, Travan 1990, 
Nageleisen 1999). Thus the role of RWAs can 
be more important in boreal forests than in the 
temperate forests of central Europe (e.g. France, 
Germany or Poland), where urbanisation, forest 
fragmentation, forest management, air pollution 
or pupae collection as food for cage birds or 
medical purposes may have led to lower mound 
densities.

Since the 1950s urbanisation and forest man-
agement have also intensified in Finland, and 
could have negative impacts on RWA popula-

tions and community structure (Rosengren & 
Pamilo 1978, Vepsäläinen & Wuorenrinne 1978, 
Punttila et al. 1994). Clear-cutting is a common 
practice in Finland (approx. 150 000 ha a–1, Pel-
tola 2003), and is harmful for RWAs by changing 
microclimate, altering forage routes and elimi-
nating aphid colonies as a food source (Rosen-
gren & Pamilo 1978, Rosengren et al. 1979, 
Punttila et al. 1991). Mechanical disturbance 
by forestry practices, such as harvesting and 
intensive site preparation, may also destroy RWA 
colonies. However, changed forestry practices 
in Finland, e.g. use of smaller clear-cut areas, 
leaving residual living trees and lighter site prep-
aration methods used during the last decade 
can result in less detrimental effects on RWAs. 
Therefore, the objectives of our study were (1) to 
determine the density of RWA mounds in boreal 
coniferous forest stands of different age, and 
(2) to discuss the effect of clear-cutting and site 
preparation on RWA mound densities.

Material and methods

Study area

We inventoried RWA mounds in a forest area of 
82 ha in eastern Finland, which comprised of 15 
forest stands, representing 3 different age classes: 
forest stands 5 and 20 years after clear-cutting, 
and mature, 140-year-old stands (Sotkamo com-
mune, 63°51´N, 28°58´E, 220 m a.s.l.) (Table 1). 
All the clear-cut stands originated from similar 
Norway spruce dominated mature stands. The 
site type was classified as a medium rich Vac-
cinium–Myrtillus type according to the Finnish 

Table 1. Description of the stands studied. Statistically significant different averages (p < 0.05) between the mature 
and 5-year-old stands are marked by different letters (a and b).

 5-year-old stands 20-year-old stands Mature stands
   (~140 years)

Dominant tree species Planted Scots pine Planted Scots pine Norway spruce
Number of stands 4 3 8
Mean stand area (mean ± S.E.; ha) 5.0 ± 1.3 6.4 ± 3.1 5.4 ± 3.7a
Site preparation Disk ploughing Deep ploughing –
Active mound density (mean ± S.E.; ha–1) 02.6 ± 0.6a 0 2.9 ± 0.6a
Abandoned mound density (mean ± S.E.; ha–1) 00.3 ± 0.1a 0 0.3 ± 0.2a
Abandoned mounds (mean ± S.E.; %) 11.2 ± 4.0a 0 9.5 ± 6.2a
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classification system (Cajander 1949). The soils 
were podzolic, developed on till material (Finér 
et al. 1997). The mature stands were dominated 
by Norway spruce (Picea abies L. Karst.), mixed 
with Scots pine (Pinus sylvestris L.) and white 
and silver birch (Betula pubescens Ehrh. and 
B. pendula Roth.). The 20-year-old stands were 
clear-cut in the early 1980s with the conven-
tional “stem-only” method which removed all 
trees from the stand. Site preparation was done 
by deep ploughing and Scots pine seedlings were 
subsequently planted. The now 5-year-old stands 
were also clear-cut with the “stem-only” method 
in 1996, but some living and all dead trees were 
left uncut on the area. The site was prepared 
by disk ploughing in the autumn of 1998, and 
Scots pine seedlings were planted in the spring 
of 1999. The annual mean air temperature in the 
area was 1.8 °C, and the mean average annual 
precipitation was 700 mm. For more detailed 
descriptions of the study site see Finér et al. 
(1997, 2003).

Field measurements

All RWA mounds in the studied stands were 
inventoried in September 2001 by measuring 
their top height and base diameter (north–south 
and east–west), and categorising them as either 
active or abandoned. The ant species were not 
determined, but they were likely to be Formica 
aquilonia Först. or F. polyctena Yarr. (Baroni 
Urbani & Collingwood 1977, Rosengren et al. 
1979).

Calculations and statistical tests

The above-ground volume of the ant mounds 
was calculated using the formula for an ellipsoid, 
and the base area of each mound was calculated 
using the formula for an ellipse. North–south and 
east–west diameters were averaged for statistical 
testing of the diameter. The physical proper-
ties of the ant mounds, diameter, height and 
volume were tested with ANOVA (SPSS 12.0.1) 
with age class (5-year-old and mature stands) 
as a grouping variable. Levene’s test indicated 
similar variances between groups. All data were 

subjected to a logarithmic transformation before 
statistical analysis.

Results

No RWA mounds were found in the 20-year-
old Scots pine stands, while the mound density 
between the mature forest and the 5-year-old 
stands was not significantly different (Table 1, df 
= 1, F = 0.016, p = 0.901). The mounds in the 5-
year-old stands were smaller (df = 1, F = 7.68, p 
= 0.020) and flatter (df = 1, F = 10.38, p = 0.009) 
than those in the mature ones (Table 2), although 
their diameter did not differ (df = 1, F = 3.75, p = 
0.082). The smallest volume class (< 0.25 m3) 
had the highest frequency in the 5-year-old 
stands, whereas mound size in the mature stands 
showed a more normal distribution (Fig. 1). The 
mounds covered 4.0 m2 per ha both in the mature 
and the 5-year-old stands, which was only 0.04% 
of the total area. There was no difference in the 

Table 2. Physical characteristics (mean ± S.E.) of 
active RWA mounds in the mature Norway spruce 
stands (n = 8) and the 5-year-old Scots pine stands (n = 
4). Statistically significant different averages (p < 0.05) 
between the mature and the 5-year-old stands are 
marked by different letters (a and b).

 5-year-old stands Mature stands

Diameter (m) 1.13 ± 0.12a 1.45 ± 0.16a
Height (m) 0.47 ± 0.05a 0.77 ± 0.05b
Volume (m3) 0.68 ± 0.13a 1.23 ± 0.19b
Base area (m2) 1.26 ± 0.28a 1.83 ± 0.42a

Fig. 1. Relative volume distribution of active RWA 
mounds in different volume classes in the mature and 
in 5-year-old forest stands.
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functioning (active or abandoned) of mounds 
between the mature and the 5-year-old stands (df 
= 1, F = 1.008, p = 0.339).

Discussion

The RWA mound density in the mature and 5-
year-old stands was consistent with that found 
in other studies carried out in Finland. Using the 
National Forest Inventory data collected during 
the early 1950s, Rosengren et al. (1979) reported 
an average density of three RWA mounds per ha 
in the most common forest type (Myrtillus type). 
Similar mound densities have been reported for 
planted coniferous forest stands in northern Eng-
land (Sudd et al. 1977), while studies conducted 
in Ireland, Germany and Poland found much 
lower mound densities (Breen 1979, Klimetzek 
1981, Szczepanski & Podkowka 1983, Travan 
1990). However, these studies reported mound 
densities for large forest areas (hundreds or 
thousands of hectares), and were not grouped 
by forest-site types or compartments, as were 
those of Sudd et al. (1977) and Rosengren et 
al. (1979). If the Finnish data from the 1950s 
were reported for the total forest area of south-
ern Finland, the RWA mound density would be 
1.2 mounds ha–1 (Wuorenrinne 1975), which 
is still considerably higher than the densities 
found in Ireland or Germany. Reasons for the 
low RWA mound densities in central Europe 
could be combinations of forest fragmentation, 
nest destruction (e.g. Gößwald 1971), recrea-
tional pressure (e.g. Nageleisen 1999) or air 
pollution and heavy metal deposition (Migula & 
Głowacka 1996, Rabitsch 1997). Another reason 
for the low mound densities in Germany could 
be collection of ant pupae as food for cage birds 
or for medical purposes, thus reducing the vital-
ity of RWA colonies (Gößwald 1944, Wuoren-
rinne 1978).

No RWA mounds were found in the 20-year-
old Scots pine stands. The mounds originally 
present on these sites may have been destroyed 
by clear-cutting and site preparation (plough-
ing) used when these stands were regenerated. 
Clear-cutting is known to have detrimental 
effects on RWA colonies, as foraging distances 
become longer or change (Rosengren & Pamilo 

1978), and aphid colonies disappear (Rosen-
gren & Pamilo 1978, Rosengren et al. 1979). 
Scots pine seedlings were also planted, and the 
changed stand composition from Norway spruce 
dominance to Scots pine dominance could have 
affected ant colony vitality, since RWAs live in 
a close symbiosis with aphids, and intensively 
tend them for honeydew. Since aphids are host 
tree species specific (e.g. Dixon 1973), a change 
in aphid species could have broken the specific 
symbiosis between aphids and RWAs. Other 
ant species, such as two of the most abundant 
ant species in mature boreal forests, Campono-
tus herculeanus and Myrmica ruginodis, benefit 
from the disappearance of RWAs and the micro-
climatic changes after clear-cutting (Punttila 
et al. 1991). However, when forest succession 
proceeds, these areas will presumably be colo-
nised again by the shade-tolerant RWA species 
Formica aquilonia (Punttila et al. 1994, Punttila 
1996).

The RWA mound density did not differ 
between the mature and the 5-year-old forest 
stands, but the mounds in the latter ones had 
a smaller volume. A more extreme microcli-
mate on clear-cut areas aggravates temperature 
regulation in the mound (Rosengren et al. 1979). 
Clear-cutting results in higher soil surface tem-
perature and increased precipitation reaching the 
forest floor. This may result in a faster decom-
position of mound material, as there are already 
more decomposer microbes in the mound than 
in the soil (Laakso & Setälä 1997, 1998). This, 
and possible compaction of the mound mate-
rial (since RWAs no more maintain the porous 
mound structure) could decrease mound height, 
as was indicated in Table 2. Clear-cutting can 
also cause the splitting of large mounds into 
smaller colonies (Rosengren & Pamilo 1978), 
which could explain the high number of smaller 
mounds in the 5-year-old stands (Fig. 1). Current 
logging practices and site preparation in Finland 
are less intensive (Forestry environment guide 
1994, Korhonen et al. 1998) than some 20 years 
ago. When the stands which are now five years 
old were cut, some living and all dead trees were 
left and the sites were disk ploughed, which is 
less destructive than the deep ploughing that was 
practiced when the now 20-year-old stands were 
regenerated. This could account for the presence 
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of RWA mounds in the 5-year-old stands. How-
ever, five years after logging and subsequent site 
preparation may not be long enough to observe 
the degeneration and eventual disappearance of 
the RWA mounds.
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