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not yet wholly separated evolutionarily and can hybridize 
resulting in F. rufa × polyctena (Seifert, 1991; Goropash-
naya et al., 2004; Boer, 2010; Seifert et al., 2010).

Red wood ants play a signifi cant role in keeping an eco-
logical balance and combating pests in forests (Véle & 
Modlinger, 2016). Therefore, it is important to know where 
colonies occur and whether they can survive. However, 
long-term population studies are rarely conducted. Robin-
son & Robinson (2008) report the presence of F. rufa after 
20 years in a woody nature reserve in England. Almost half 
of the old nests were still inhabited and due to new estab-
lishments, the total number of nest mounds was still nearly 
the same as previously. Dekoninck et al. (2010) show that 
after 20 years, the West Flemish (Belgium) populations of 
F. rufa and F. polyctena have declined by more than 50%. 
This was due to overgrowth by shrubs, the closing of the 
canopy, adjacent agricultural land use, urbanization, and 
recreation. After 28 years, Mabelis & Korczyńska (2016) 
report a sharp decline in F. rufa and F. polyctena in the 
Twente region (The Netherlands) due to the strong nega-
tive infl uence of the presence of intensive agricultural next 
to forest edges.  These three studies motivated the repeat 
of an old study of 1990 in the province of Limburg (The 
Netherlands). 
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Abstract. Conducting a repeat study of the presence of mound-building red wood ants (Formica rufa group) after a period of 30 
years has rarely been done in Europe. From 1990 to 2020 such a study was done in an intensively used agricultural landscape 
with fragments of forest in the South-Eastern part of The Netherlands. In 1990, 280 nest mounds of three species of red wood ants 
and a hybrid were found in the forests and along forest edges. The highest occupancy was in forests of > 25 ha. The connectivity 
between the forest fragments mainly determined their presence. In 2020, only 160 nest mounds were found. The development of 
the colonies differed for Formica polyctena Förster, 1850 (slight decrease), F. rufa Linnaeus, 1761 (substantial increase) and F. 
pratensis Retzius, 1783 (strong decrease). The differences between the species in this highly fragmented landscape may be due 
to differences in their colonization strategies of either nest splitting or producing swarms of young queens. Furthermore, the analy-
ses show that the type of environment (in a forest or along a forest edge) determines the probability of extinction or settlement. 
There is a need to undertake management measures to prevent the extinction of species of red wood ants in the area studied. 
These measures include creating small clearings in dense forests, reducing shading due to overgrowing shrubs or herbaceous 
plants, and creating buffer zones around intensively manured fi elds. More long-term monitoring is needed in Europe to compare 
the circumstances in different regions, detect trends and evaluate the effects of protection measures. 

INTRODUCTION

In recent decades, the number and distribution of many 
plants and animals have declined sharply in artifi cial land-
scapes, not only in The Netherlands but also elsewhere. As 
important causes, loss and fragmentation of habitat, pollu-
tion, climate change, invasive alien species and numerous 
other factors are mentioned as causes of recent declines 
(Sánchez-Bayoa & Wyckhuys, 2019; Jactel et al., 2020; 
Wagner et al., 2021). For several groups of insects, such 
declines are reported for a great diversity of insect in terms 
of both species and biomass (Hallmann et al., 2017). The 
question is, which species are more vulnerable to human 
infl uences and whether further decline can be prevented. 
The present research is limited to a few mound-building 
species of red wood ants (Genus: Formica; Subgenus: For-
mica) because their nests are relatively easy to fi nd. There 
are indications that several species have decreased locally 
in Europe.

In The Netherlands, there are four species of the For-
mica rufa group: F. polyctena, F. rufa, F. pratensis and F. 
truncorum Fabricius, 1804 (Boer, 2010), and F. truncorum 
is limited to one metapopulation in the province of Overijs-
sel (Mabelis & Chardon, 2006). The other species can be 
found throughout this country. F. rufa and F. polyctena are 
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Species of red wood ants, colonies and nest mound size
Ten workers from one or more nests of a colony were examined 

for the presence of hair on their eyes, on the underside of their 
heads and on the pronotum in order to determine the species. In 
addition, whether a colony was monodomous or polydomous was 
determined (Gösswald, 1989; Seifert, 1996; Ellis & Robinson, 
2014). The hybrid F. rufa × polyctena was distinguished based on 
it having characteristics intermediate between the two-parent spe-
cies (Seifert, 1991). The surest method of determining a hybrid, 
combines this with genetic research (Seifert et al., 2010), which 
was not the case in this study. 

Several methods can be used distinguish individual colonies 
of species at a specifi c forest location (Ellis et al., 2017). In the 
present research, clustering was based on distance. If two nests 
within one forest or forest fragment were less than 150 m apart, 
they were counted as the same colony. This distance is based on 
studies on territory size and average range of workers (e.g., Ma-
belis, 2002; Dekoninck et al., 2010; Boer et al., 2018). 

For each nest mound, the radius (r) at the bottom of the mound, 
the height (h) and various environmental variables were recorded 
as characteristics. The nest mound area was calculated as π * r². 
The volume of the nest mound was calculated using the formula 
for half an ellipsoid: volume = 2/3 * π * r² * h. 

Environmental variables, connectivity and nest location
For all of the 82 forests, the forest area and forest edge length 

were included as environmental variables (Dekoninck et al., 
2010; Mabelis & Korczyńska, 2016). As a measure of connectiv-
ity between the forests, three parameters were measured: (1) the 
average distance of the edge of a forest to edges of the three near-
est forests, (2) the distance of the edge of a forest to the nearest 
nest mound in another forest, (3) the incidence function model, in 
which the contributions of all the surrounding occupied patches 
within dispersal distance of fl ying queens are taken into account 
in determining their probability of colonization (Hanski, 1994; 
Mabelis & Chardon, 2006). For this, the distance over which fl y-
ing Formica queens can disperse is set at two kilometres, since 
most of them remain within this distance (Mabelis & Chardon, 
2006; Boer, 2010; Vitikainen et al., 2015). The topographical 
analyses were carried out using the QGIS 3.16 program (QGIS, 
2021). In 1990, the location of a every nest mound was recorded: 
(1) in a forest, (2) at the edge of a forest, adjacent to an intensively 
used agricultural fi eld, or (3) at the edge of a forest, with adjacent 
extensive land use (e.g., a road verge or nature reserve). In 2020, 
whether these nests were still present at the same localities was 
recorded. A displacement up to 50 m from the old location was 
also considered as being present. 

Data analyses
The Shapiro-Wilk test was used to test data for normal distribu-

tion. To comply with normality, the natural logarithm transforma-
tion was used if necessary. McNemar’s test was used for paired 
comparisons of presence-absence of a species in the 82 forests 
in 1990 and 2020. To compare environmental variables, the Wil-
coxon test or Pearson test was used. Frequency distributions were 
tested using either chi-square tests or Fisher’s Exact tests. 

Generalized linear models (GLMs) were compiled for each 
species and each period. Presence-absence of a species in a forest 
was used as a dependent response variable. Two forest character-
istics (area and edge length) and three connectivity characteristics 
were added as independent predictor variables. Starting with a 
full model, stepwise backward regression, and Akaike informa-
tion criteria (Burnham & Anderson, 2004), were used to the se-
lect fi nal GLMs. The variance of the fi nal models is indicated by 

The main research questions addressed in this study are: 
(1) what changes in forest occupancy and distribution of 
red wood ants had occurred after 30 years, (2) did nest 
number and nest size change during that period, (3) what 
factors are likely to have caused the changes? 

MATERIALS AND METHODS 
Study area characteristics

The study area is in the central part of the province of Lim-
burg (The Netherlands), east of the River Meuse (center 
51°06´38.72˝N, 5°56´39.94˝E; 30–50 m a.s.l.). The area covers 
about 3600 ha. From the 16th century onwards, this area was 
almost entirely deforested by logging and overgrazing by cat-
tle (Coenen, 2006). In the second half of the 19th century, many 
fi elds were planted with coniferous trees (especially Pinus syl-
vestris L. and Picea abies (L.) H. Karst). The wood of which 
was used as pit props in the coal mines in nearby South Limburg. 
Furthermore, forest plots were planted with Quercus robur L., 
which served mainly as coppice wood. As a result, of several dec-
ades of planting or spontaneous colonization by Larix species, 
Quercus rubra L., Betula pendula Roth, Fagus sylvatica L. and 
Carpinus betulus L. plots of trees developed in this area, which 
are mostly now aged 130–170 years (Van der Leest et al., 2006). 
Most trees are younger due to wood harvesting. The shrub layer 
developed spontaneously due to colonization by indigenous spe-
cies like Sambucus nigra L., Sorbus aucuparia L., Rubus spe-
cies, Rhamnus frangula L. and Ilex aquifolium L. The herbaceous 
plant layer in the forests is generally poor in species and includes 
species such as Deschampsia fl exuosa (L.) Trin., Dryopteris spe-
cies and Pteridium aquilinum (L.) Kuhn. Since the beginning of 
the 20th century, all areas with heather, marshes and several plots 
of forest were used for agriculture and animal farming. In 1990, 
the area studied consisted of some large and small forests and 
isolated fragments of forest with a total area of about 900 ha. The 
nest mounds of the red wood ants were in or on the edges of these 
forests. The rest of the area is mainly agricultural land. The area 
studied is bisected by streams, roads and a railway line. Locally 
there are small nature reserves with extensive grassland, several 
farms and recreation parks. The forests are all growing in weakly 
loamy fi ne sand, or coarse sand. In some areas, gravel occurs in 
the upper subsoil. Under the forests, the groundwater levels are 
generally deeper than 1.80 m (BIS Nederland, 2021).

Forests and forest fragments
Based on the methods of Mabelis & Chardon (2006); Seifert 

et al. (2010) and Mabelis & Korczyńska (2016), the area studied 
was divided into forests and forest fragments. The latter includes 
connected linear woody landscape elements or barriers between 
forest fragments due to paved infrastructure, waterways, or inten-
sive agricultural land use. A total of 82 forests or forest fragments 
were distinguished. For some analyses, they were put together 
into three classes: (class 1) < 5 ha, (class 2) 5–25 ha and (class 
3) 25–150 ha.

Fieldwork
The fi rst fi eld study was in 1989–1990. A total of 180 km of 

forest edges, 90 km (mostly unpaved) forest roads and logged 
area were surveyed in May–September for the presence of nest 
mounds. The second study was carried out in 2019–2020. In the 
intervening 30 years, the area of forest and land use changed only 
slightly, so the size and method of fi eld research was almost the 
same as in the fi rst period. 
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the pseudo-R² of Nagelkerke (Nagelkerke, 1991). All statistical 
calculations were done using program R – version 4.0.5 and ap-
propriate packages in R-Studio (R Core Team, 2021). Alpha was 
set at 0.05 for all statistical tests.

RESULTS

Presence in forests 
The location of nest mounds in the forests is shown sche-

matically in Fig. 1. The percentages of forests occupied in 
1990 and 2020 is shown in Table 1. In 1990, at least one 
species of red wood ant of the F. rufa group was found in 
37% of the 82 forests and in 2020 it was 43%. In 1990, F. 
polyctena had the highest presence and in 2020 it was F. 
rufa. Only the increase in F. rufa was signifi cant (McNe-
mar’s test: χ² = 4.50, DF = 1, p = 0.03). 

Presence increased from small to large forests, which 
was the case for all species in both periods (Table 1). The 
results recorded in 2020 were not signifi cantly different 

from those recorded in 1990 (Fisher’s Exact test; p > 0.05). 
It is noticeable that in 2020 all forests of > 25 ha were colo-
nized by at least one species of red wood ant. 

There was a slight decline in forest occupancy by F. 
polyctena from 1990 to 2020. This decline occurred mainly 
in small forest fragments of < 5 ha. F. rufa increased in 
all three forest size classes. The increase was most signifi -
cant in forest class 25–150 ha. In 1990, the hybrid F. rufa 
× polyctena was recorded in three forests of > 25 ha. Of 
these, only one colony was found again in 2020. The for-
est occupancy by F. pratensis declined sharply. Colonies 
disappeared from all forest classes and no new sites were 
recorded elsewhere.

Variables and models
The main characteristics of the environmental and con-

nectivity variables recorded for the 82 different forests are 
shown in Table 2. None of the variables were distributed 
normally (Shapiro-Wilk test; p < 0.05). For F. polyctena 

Fig. 1. Location of the area studied, forests, forest fragments and location of the nest mounds in 1990 (black) and 2020 (red) in the central 
part of the province of Limburg (The Netherlands).
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and F. pratensis the median distance from a forest to the 
nearest nest was signifi cantly higher in 2020 than in 1990 
(Wilcoxon W = 2107, Z = 2.82, p < 0.005; W = 2522, Z = 
3.80, p < 0.001). For F. rufa, this difference was not signifi -
cant (Wilcoxon W = 1670, Z = 1.07, p = 0.282).

The results of the generalized logistic regression models 
(GLMs) are shown in Table 3. Forest area and length of 
forest edge were strongly correlated (Pearson’s r = 0.96; p 
< 0.001). Because edge length yielded better models, for-
est area was omitted. For the hybrid F. rufa × polyctena, 
there was not enough data to make a model. Except in one 
model, the presence-absence of all species was positively 
correlated with the incident function model in both periods. 
The model for F. polyctena selected for distance of a forest 
to a nest mound as a signifi cant connectivity parameter in 
2020. Forest edge length appeared to be a signifi cant pre-
dictor for the presence of F. polyctena and F. rufa in 2020. 
Four of the six models had a relatively high explained vari-
ance of more than 50%. 

Nest mound locations
A total of 280 nest mounds were found in 1990 and 162 

in 2020. For F. polyctena and F. rufa, the distribution did 
not differ signifi cantly from an equal distribution at the 
three locations (Table 4). Opposingly, this was the case for 
the hybrid in 1990. Nest mounds were most common in 
forests (χ² = 13.32, DF = 2, p < 0.01). F. pratensis was most 
common along forest edges with adjacent intensive agri-
cultural land use in 1990 (χ² = 18.08, DF = 2, p < 0.001) 
and along forest edge with adjacent extensive land use in 
2020 (χ² = 12.09, DF = 2, p < 0.01).

The number of nest mounds in 1990 that still existed in 
2020 differed for location and species (Table 4). In for-
ests and forest edges along intensively used fi elds, only 
0%–21% still existed after 30 years. This percentage was 

higher along forest edges with extensive adjacent land use 
(F. polyctena: 35%; F. pratensis: 73%).

Population characteristics
In 1990 and 2020, several population characteristics 

differ for each species (Table 5). F. polyctena declined 
by 21%–35% in the number of colonies, number of nest 
mounds and total area of the nest mounds. The total mound 
volume did not change. So, t he extinction or decline of 
some colonies in the area studied was compensated for 
by a substantial expansion and spread of existing colonies 
with large new mounds. F. rufa was the only species that 
increased in terms of all the population characteristics in 
2020 compared to 1990. The increase in total mound area 
and volume was relatively limited. As previously shown, 
the hybrid F. rufa × polyctena was almost extinct. The 
population characteristics of F. pratensis showed a sharp 
decline of 53%–75%.

DISCUSSION

It can be concluded that changes in the distribution and 
forest occupation by red wood ants from 1990 to 2020 dif-
fered for the different species in this part of Limburg. In 
th is area, F. polyctena decreased slightly in distribution and 
forest occupancy, F. pratensis decreased markedly and F. 
rufa increased. These results are only partially similar to 
those of the other rather recent long-term studies in Europe 
mentioned in the introduction. The differences between 
mono- and polydomous species confi rm the previous fi nd-
ings of Mabelis (1994). He reports that the monodomous 
F. rufa, with one or several queens per nest mound, in dis-
persing by producing swarms of young queens is better 
adapted to a fragmented landscape, such as in Limburg. 
Punttila (1996) reports similar results in Finland for several 
species of the F. rufa group.

Table 1. The percentage of forests occupied per class per species for 1990 and 2020. In parentheses the number of forests populated in 
both years, the number only populated in 1990 and the number only populated in 2020.

Species
All forests (n = 82) Forest < 5 ha (n = 55) Forest 5–25 ha (n = 17) Forest 25–150 ha (n = 10)

year 1990 year 2020 year 1990 year 2020 year 1990 year 2020 year 1990 year 2020
F. polyctena 24.4 20.7 21.8 14.5 (7-5-1) 23.5 29.4 (4-0-1) 40.0 40.0 (3-1-1)
F. rufa 12.2 24.4 7.2 9.1 (1-3-4) 17.6 35.2 (2-1-4) 30.0 90.0 (3-0-0)
F. rufa × polyctena 3.7 1.2 – – – – 30.0 10.0 (1-2-0)
F. pratensis 11 4.9 1.8 – (0-1-0) 17.6 11.7 (2-1-0) 50.0 20.0 (2-3-0)
Formica rufa-group 36.6 42.7 30.9 23.6 41.2 70.5 60.0 100.0

Table 2. Descriptive statistics of the environmental and connectivity variables of the individual forests surveyed in 1990 and 2020 (n = 82; 
SD – standard deviation).

Variable Abbreviation Minimum Maximum Median Mean SD
Forest area (ha) FOREST-AREA 0.04 156.78 1.78 10.99 25.99
Lengte of forest edge (km) FOREST-EDGE 0.10 10.56 0.78 1.46 1.97
Average distance to three nearest neighbouring forests (m) DIST-FOREST 9 507 68 105 96
Distance of a forest edge to nearest nest mound
of F. polyctena (for 1990/2020) (m) DIST-MOUND 15/10 2580/5100 490/650 692/1231 680/1297

Distance of a forest edge to nearest nest mound
of F. rufa (for 1990/2020) (m) DIST-MOUND 10/10 2070/1370 555/545 550/551 377/371

Distance of a forest edge to nearest nest mound
of F. pratensis (for 1990/2020) (m) DIST-MOUND 40/40 3580/3600 735/1170 938/ 1221 765/745
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For the area studied, the regression models show that 
high connectivity between forests is important for the pres-
ence of species of Formica. The best predictor was the 
incident function model. In addition, forest edge length 
also had a positive infl uence. Such relationships are also 
reported for patches of F. truncorum in the eastern part of 
The Netherlands (Mabelis & Chardon, 2006).

The average number of nest mounds per colony for each 
species is presented in Table 5. They are in line with those 
of previous studies in Europe (Ellis & Robinson, 2014). 
The presented changes in the colony characteristics be-
tween 1990 and 2020 broadly support the results and 
changes in forest occupancy.

For F. rufa, in 2020 more nest mounds were found, but 
on average, they were smaller. One reason can be that the 
small ones were recent settlements, which can still grow. 
It also can be that it is a result of changes in habitat condi-
tions, such as temperature, shading or food quality (e.g., 
Sorvari & Hakkarainen, 2005; Juhász et al., 2020), which 
needs to be investigated further in the area studied.

Several natural or unnatural changes in habitat conditions 
or populations of red wood ants may occur over a period of 
30 years. In this study, the details of the nest mounds were 
collected in a descriptive way. Some are probable causes of 
changes in distribution and population development. 

Forest edges are important habitats for red wood ants 
(e.g., Kilpeläinen et al., 2008; DeKoninck et al., 2010). As 
reported by Mabelis & Korczyńska (2016), the intensive 
fertilization of adjacent agricultural land leads to a strong 
growth of blackberries (Rubus species) and large nettles 
(Urtica dioica L.) in forest edges in an area. These plants 
can completely overgrow red wood ant nests. In the case 
of maize (Zea mays L.) as a crop, it also shades sun ex-
posed forest edges during the summer season. The use of 
pesticides in agriculture may be an additional problem, as 
when spread by wind, such substances can penetrate far 
into woodland and have negative consequences for many 
insects (Desneux et al., 2007). 

In several forests, the forest fl oor has become strongly 
shaded over the years. This is due to the closure of the can-
opy as the trees aged. Stopping small-scale coppicing also 
led to denser deciduous forests. Moreo ver, in the forests, 
there was a marked increase in blackberry, Prunus sero-
tina Ehrh. and eagle fern (Pteridium aquilinum (L.) Kuhn) 
due to nitrogen pollution via atmospheric deposition (CBS 
et al., 2019). In the area studied, the growth of tall herba-
ceous plants and shrubs also took place at locations where 
conifers were felled or died from attacks by the European 
spruce bark beetle (Ips typographus L.). The resultant in-
creases in the shading of the forest fl oor negatively affect 
red wood ant colonies (Robinson & Robinson, 2008; De-
koninck et al., 2010; Chen & Robinson, 2014; Mabelis & 
Korczyńska, 2016; Schmitz et al., 2019; Mabelis, 2020; 
Antonova & Marinov, 2021).

At so me locations in the area studied, incidental events 
also played a role in the changes in presence. In the north 
western part, a new motorway was built about 15 years 
after the fi rst research period, cutting through some small 
forests with colonies of F. polyctena. In advance, the loss 
in area of forest was compensated for by planting decidu-
ous trees and relocating nests, which was only partially 
successful. 

PROTECTION, MANAGEMENT 
AND COORDINATION OF RESEARCH

Under the Dutch Flora and Fauna Act (1998), the red 
wood ants were legally protected. Nowadays, we have the 
Nature Conservation Act (2017), which no longer includes 
the legal protection of species of red wood ants. A so-called 
duty of care applies, where nest mounds must be protected 
from disturbance during forest work. 

Forest management can have positive and negative ef-
fects on red wood ants (Kilpeläinen et al., 2008). This 
means that good forest management is of importance for 
the survival, especially in fragmented landscapes. Vari-
ous felling methods are currently being investigated in 

Table 3. Final models (GLMs), with environmental and connectivity variables as predictors and presence-absence of red wood ants as a 
response variable [– = not selected; * p < 0.05; ** p < 0.01; *** p < 0.001; DF – degrees of freedom; R² – pseudo-R² of Nagelkerke; CON 
– connectivity according to the incidence function model (Hanski,1994); for other abbreviations see Table 2].

Species – Year FOREST-EDGE DIST-FOREST DIST-MOUND CON DF Nul Deviance R2

F. polyctena –1990 – – – 1.24* 81 91.11 42%
F. polyctena – 2020 1.15** – –0.94** – 81 83.70 64%
F. rufa –1990 – – – 1.15** 81 60.81 28%
F. rufa – 2020 1.06* – – 2.11*** 81 91.11 59%
F. pratensis –1990 – – – 1.44* 81 56.74 63%
F. pratensis – 2020 – – – 2.89* 81 31.97 72%

Table 4. The number of nest mounds per location in 1990 and 2020. In parentheses the number of nests surviving from 
1990; FOREST – in forest; FEI – forest edge with adjacent intensive agricultural land use; FEE – forest edge with adjacent 
extensive land use.

Species
FOREST FEI FEE

year 1990 year 2020 year 1990 year 2020 year 1990 year 2020
F. polyctena 48 47 (6) 61 30 (13) 40 36 (14)
F. rufa 7 13 (1) 5 5 (1) 0 7 (0)
F. rufa × polyctena 23 0 20 0 (0) 4 2 (2)
F. pratensis 21 3 (1) 40 4 (0) 11 15 (8)
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The Netherlands (Den Ouden & Mohren, 2020; Rabbinge 
& Leffelaar, 2020). For red wood ants, a balance must be 
found between the maintenance of (1) sunlit forest soils, (2) 
forage trees and (3) connectivity between habitat patches. 

In addition, attention must be given to the establishment 
of buffer zones between intensively used agricultural land 
and forests, the protection of nest mounds from distur-
bance and the collecting of pupae (e.g., Robinson & Robin-
son, 2008; Dekoninck et al., 2010; Mabelis & Korczyńska, 
2016; Vandegehuchte et al., 2017; Mabelis, 2020). The 
existence of nests should be prolonged for as long as possi-
ble by easy-to-implement management measures, such as, 
annual removal of surrounding shrubs or invasive herba-
ceous plants. This kind of knowledge is well known, but 
not widely applied in the fi eld. Forest owners often pay 
too little attention or spend little money on species-orient-
ed management for red wood ants. Both aspects apply in 
Limburg, where private owners, municipalities or nature 
conservation parties own the forests and forest fragments. 
It is recommended that a joint long-term maintenance plan 
is developed. 

Early studies in The Netherlands and Belgium and the 
present research show that at least at the local or regional 
level, the survival of F. polyctena, F. rufa and F. pratensis 
in strongly managed landscapes is under intense pressure. 
F. pratensis is also declining in several other countries in 
Europe (Çamlitepe & Aksoy, 2019). Therefore, it would 
be helpful to know the trends in the status of potentially 
endangered species in the Formica rufa group on a Euro-
pean scale, which could be achieved by specifi c monitor-
ing. Citizen science can be used for such large-scale stud-
ies (Sorvari, 2021). For comparability, a similar inventory 
method must be used in all years and areas to be surveyed. 
Furthermore, several challenges and pitfalls must be over-
come in order to interpret changes (Berberich et al., 2016; 
Didham et al., 2020). By analysing data on red wood ants 
on a large scale, possible general causes of trends can be 
found and specifi c improvement measures can be proposed 
in the future.
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