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Present conservation status of red wood ants in north-western Belgium:
Worse than previously, but not a lost cause
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Abstract. The number of colonies of red wood ants (Formica rufa group) in the north western part of Belgium has declined by more
than half over the past 20 years. In the study area of 20 x 50 km there are currently only 36 colonies of two species of red wood ants
(Formica rufa and F. polyctena). Both species form both monodomous and polydomous colonies. Monodomous F. rufa colonies
occur in large areas of open woodland dominated by Pinus sylvestris. The other three types of red wood ant (F. rufa polydomous, F.
polyctena mono- and polydomous) occur in clearings or along the margins of small areas of deciduous or mixed woodland. The
extinction of red wood ants cannot be attributed to a loss of their main habitat. Their decline in abundance, however, appears to be
due to the deterioration in their habitat caused by several factors. Shading by overgrowing shrubs and the closure of the tree canopy,
nearby intensive agriculture, urbanisation and use of the forest for recreation are the more important factors threatening and ulti-
mately leading to the extinction of colonies. At poor quality sites there are no or very few nests of Serviformica ants, which initially
serve as host ants and are necessary for recolonization by red wood ants. Thus, it is unlikely that these sites will be recolonized. To
conserve red wood ants and maintain populations there is an urgent need to undertake certain measures, especially in areas outside
nature reserves. For this there is a need to create clearings in the woodland, reduce shading due to overgrowing shrubs and closure of
the tree canopy, and mitigate the effects of intensive agriculture, urbanisation and recreation. It is important that the effects of these
measures should be monitored.

INTRODUCTION ture (Rosengren et al., 1993), geographical distribution
(Collingwood, 1979), density, population dynamics and
behaviour (Petal, 1994; Czechowski & Vepsildinen,
1999), community structure (Pisarski & Vepséldinen,

Species of the Formica rufa group are key-stone spe-
cies in European conifer and mixed conifer-hardwood
forests. These polyphagous predators are thought to con- X _
trol the abundance of their prey (Adlung, 1966; Skinner, 1989; .Sa.Volallnen et al., 1989; YePsalalnen et al., 2000)
1980). Their nests harbour many symbiont species (e.g. and biodiversity (Laakso & Setald, 1997; Hawes et al.,

30 species of beetles in the Netherlands, Mabelis, 2007 2002). In this conte.xt it is clear that red W,OOd ants are
and 73 myrmecophilous species in Scandinavia, Pdivinen good umbrella species for nature conservation planning

et al., 2002), and the ants disperse the seeds of myrmeco- 5 their nests are easily monitored (Mabelis, 2002; Maki-

chorous forest plants (e.g. Viola sp., Gorb & Gorb, 1995) Petdys et al,, 210.05)' . ) b
and are a reliable source of food for higher trophic levels Among Belgian ants, Formica species are the most

(e.g. woodpeckers, ant lions and amphibians, De Bruyn et popular. As is 'the case for most ant species, t'here are no
al,, 1972). The below ground activities of ants and other long-term studies on their distribution in Belgium. Recent
species living in their nests (e.g. carthworms) are impor- distribution maps of red wood ants in Flanders show that

tant for the development of forest soils (Laakso & Setili, Formica rufa and F. polyctena are chiefly found in the
1997; Lenoir et al., 2003). northern and eastern part (Campine region and north of

Eight species of red wood ants are on the IUCN Red the cities Ghent and Bruges), where there are sandy ther-

List of Threatened species (IUCN, 2008), 6 of which mophilic soils (Dekoninck et al., 2003'; Loones et.al.,
belong to the F. rufa group in Europe (Seifert, 2007). Red 2008). In the'vx'restern P art they are mamly present in a
wood ants are vulnerable to direct disturbance caused by strongly declllnmg habitat that COHSISFS, of lar.ge forest
commercial collection of pupae for bird food, destruction compllexgs W;E pithhZS of thermophilic nutrient poor
and fragmentation of suitable habitat (Gyllenstrand & ~ 8fassiandsan eat. and. .

Seppd, 2003; Maki-Petdys et al., 2005), deforestation There are no detailed studies on the conservation status

(Sorvari & Hakkarainen, 2005) and general lack of appro- and habitat preference of red wooq ants i.n Elap dejrs
priate habitat management (Domisch et al., 2005). (Loones et al., 2008). However, such information is indis-
Because of their wide occurrence in Eu’rope these ants  Pensable for sustainable conservation of red wood ants in

are the focus of extensive research on their social struc-  Flanders as scattered observations by amateur naturalists
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in the 70s-80s suggest that there has been a dramatic
decline in the abundance of Formica ants.

The decline in red wood ants is associated with habitat
fragmentation and deterioration, and features of their life-
history strategies. Queens of the species in the Formica
rufa group are incapable of independently founding a co-
lony. Hence, to establish a new colony, a queen must be
accepted into a nest of a species belonging to the sub-
genus Serviformica (generally F. fusca), because she is
unable to raise her own brood (Seifert, 2007). As the suc-
cess rate of being adopted by these host ants is very low
(Gosswald, 1952), colonization of new areas by means of
flying queens is assumed to be risky (Rosengren &
Pamilo, 1983). Nevertheless, it may be the optimal
strategy when a woodland habitat is highly fragmented as
in the Netherlands, eastern-Germany and the south of
Poland (Seifert, 1991; Mabelis & Korczynska, 2001;
Mabelis, 1994, 2002) as monodomous and monogynous
colonies occur mainly in such landscapes. Another way of
founding a colony is cursorial dispersal by budding as
reported for F. polyctena, (Mabelis, 1979). In this case,
dispersal by flying is rare or only occurs over a short dis-
tance and daughter queens often remain with the mother
colony. Budding (splitting of a nest into several daughter
nests) results in oligo- to polydomous colonies and the
extension of foraging activities throughout an entire fo-
rest.

Consequently, mono-/oligogynous species with mono-
domous colonies are likely to be better at colonizing frag-
mented habitats, whereas a polygynous species with poly-
domous colonies (dispersing by budding) are better at
colonizing areas where the habitat patches are connected
(Mabelis, 1994). Indeed, the distribution of both species
and their colony structure very often coincides with these
two strategies in the Netherlands, eastern Germany and
Poland (Seifert, 1991; Mabelis, 1994). This general pat-
tern is far less clear in the northern part of Belgium. In the
north-western area of Belgium, near Bruges, four types of
red wood ant colonies can be found: mono- and polydo-
mous F. rufa and mono- and polydomous F. polyctena,
which occur in both large and small, highly fragmented
woodlands.

The aims of our study are:

(1) To give an overview of the present distribution of
red wood ants in north-western Belgium and quantify the
habitat preferences of the four types of red wood ants;

(2) To compare the changes in the distribution of spe-
cies of the Formica rufa group over the last two decades;

(3) To compare the environmental and landscape vari-
ables at sites previously and currently occupied by these
ants;

(4) To formulate policy for managing forests that
favour red wood ants that take into account the high
degree of fragmentation of present day woodlands.

MATERIAL AND METHODS

Study area

The current distribution of species of red wood ant in the
northern part of Belgium (Flanders) is well known (Dekoninck
et al., 2003; Loones et al., 2008). Recent distribution maps for
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the 3 species studied indicate that viable populations only occur
in the sandy regions in the north-east (Campine region; 3 spe-
cies) and north-west (near Bruges; 2 species) of Flanders
(Dekoninck et al., 2003). In the north-west nests of Formica
polyctena and F. rufa are found at the border between woodland
and dry heathland or dry nutrient poor grassland vegetation
(with Cytisus scoparius L., Calluna vulgaris L. and Erica cin-
erea L.) in open patches in the woodland or along the edges of
woodland mainly dominated by Quercus robur L. and Pinus
sylvestris L.. Although still present, these open thermophilic
habitats are small and threatened by forest succession and
human disturbance, i.e. urbanisation (roads and buildings),
intensive agriculture (fertilisers, pesticides) and recreation (Pies-
sens et al., 2004, 2005). The study area covers 20 x 55 km (44 5
km x 5 km UTM grid cells).

Inventory and habitat characterisation of present red wood
ant sites

All sites with colonies of the Formica rufa group, hereafter
called wood ant sites or WAS, were recorded in the study area
in 2007 and 2008 during the period when ants are most active
(May—September). Colonies consisted of only one nest (mono-
domous) or of a group of nests connected by workers running
from one nest to another (polydomous colonies). On this basis,
four types of red wood ant colonies: “rufa monodomous®, “rufa
polydomous”, “polyctena monodomous” and “polyctena poly-
domous” were identified and mapped in Arcview3.1 (Fig. 1),
and the presence or absence of Serviformica species noted. A
zone of @ 100 m/31400 m? was designated around the centre of
each WAS. This zone is approximately the area potentially for-
aged by a red wood ant colony (Mabelis, 2002; Maki-Petéys et
al., 2005). The percentage of the area in each zone covered with
oak, beech, other deciduous woodland, coniferous woodland
(mainly Pinus sylvestris), shrubs and hedgerows, heathland
(including also dry nutrient poor grassland), agricultural grass-
land and arable fields, roads, industrial plants and urbanised
areas was calculated using the Biological Valuation Map of
2008 (a database with biotopes covering the whole of Flanders;
BWK version 2008 see De Saeger et al., 2008). In addition to
these environmental variables the total area of woodland and the
length of the southern, south eastern and south western exposed
woodland margins were calculated for each WAS. Northern,
north eastern and north western woodland edges were not con-
sidered as they are neither favoured foraging areas or nesting
sites (Loones et al., 2008).

Inventory and habitat characterisation of former red wood
ant sites

At the end of the 1980s and beginning of the 1990s there was
an identical habitat type mapping of this region using an older
version of the Biological Valuation maps for Flanders
(19861996, BWK version 1.0, see De Blust et al., 1994; Wils
et al., 2004). In addition, there is a record of the locations of 44
red wood ant colonies present at that time. It is unknown
whether these colonies belonged to F. rufa or F. polyctena.
During the summers of 2007 and 2008 all these sites were revis-
ited and if a colony was still present, it was designated an old
wood ant site (OWAS). If a thorough search of each locality and
the surrounding area within a radius of 200 m failed to a colony,
the site (30) was designated a former wood ant site (FWAS). As
for the WAS we inspected each FWAS and OWAS for the pres-
ence of Serviformica-species.

Potential causes of loss and threats

After visual inspection of each FWAS the factors that may
have caused the extinction of the colony were assigned to the
following categories: (a) shrubs or canopy of trees have over-
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Fig. 1. Study area in north-western Belgium with woodland patches and the 36 red wood ant sites present in 2007—2008. Formica
rufa monodomous colonies are pink ®, F. rufa polydomous colonies red A, F. polyctena monodomous light blue ® and F. polyctena

polydomous blue A. Squares are 5 km x 5 km UTM grid cells.

grown the nests and reduced the amount of solar radiation
reaching ground level; (b) nearby intensive agricultural activity
(manure, pesticides), (c) intensive recreation (trampling, moun-
tain biking), (d) urbanisation (nearby recent new buildings) and
(e) removal of trees that are used by ants as a source of food
(forest thinning or clear-cutting). Each category is coded as
either present or absent (i.e. binary). The same categories were
used to describe the threats at each WAS and OWAS.

Data analyses

Principal component analysis (PCA) was used to investigate
differences in the habitats in terms of the 12 habitat variables
measured around WAS and FWAS. To test whether the position
of the four types of red wood ant nests differed in the PCA dia-
gram, and hence whether these environmental and landscape
characteristics of the sites differed among these four types, a
Kruskal Wallis Anova of the PCA scores and Mann-Whitney U
tests with Bonferonni correction for post hoc pairwise compari-
sons were used.

Mann-Whitney U tests were also used to determine if the four
types of red wood ant differed in their association with any of
the twelve habitat variables, and detect changes that might have
occurred in these variables between 1986—-1996 and 2008 in the
zones around each of the FWAS and OWAS.

RESULTS

Present conservation status of red wood ants near
Bruges

The positions of 36 red wood ant colonies were
mapped, which sums to a total of 61 nests (Fig. 1). As this
survey included most of the suitable habitats in the area, it
is likely this is the present number of colonies. Twelve
colonies belonged to the species F. rufa (33%) of which 5
were monodomous and 7 polydomous (on average 3.6
nests/colony). Serviformica species were present at all
these sites.

There were 16 monodomous populations and 8 polydo-
mous populations (20 nests and an average of 2.2 nests
per population) of F. polyctena. Serviformica were
recorded at all but one of the sites of the polydomous
colonies.

Differences between F. rufa and F. polyctena in their
association with woodland area and length of woodland
edges

Zones in which there were F. rufa (n = 12) contained
significantly more woodland (sum of all deciduous and
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Fig. 2. PCA diagrams of the 12 habitat type variables in zones around 36 red wood ant populations in north-western Belgium. The
type of red wood ant: ® monodomous and A polydomous. Black symbols indicate F. rufa and grey F. polyctena. (left figure Axis 1

vs Axis 2, right figure Axis 2 vs Axis 3).

Pinus woodland, Mann-Whitney U test df = 1, Z = 2.819
and p = 0.005), had a greater length of southern exposed
woodland edges (Mann-Whitney U test df = 1, Z = 2.50
and p = 0.012) and greater total length of woodland edges
(Mann-Whitney U test df = 1, Z = 2.819 and p = 0.005)
than those with F. polyctena (n = 24).

The apparent preference of F. rufa is mainly for large
areas of pine forest (Mann-Whitney U test df = 1, Z =
3.59 and p = 0.0003). F. polyctena colonies occurred in
zones that included significantly more urban land (Mann-
Whitney U test df =1, Z=2.18 and p=0.0211).

Differences in the habitats occupied by the four types of
red wood ants

The four types of red wood ant differed significantly in
their association with the percentage of the area covered
with woodland (Kruskal-Wallis test H (3N = 36) =
11.66, p = 0.0087). Post hoc Mann-Whitney U tests indi-
cate significant differences in the associations with total
coverage of woodland between monodomous F. rufa and
monodomous F. polyctena (Z = 2.819 and p = 0.0047),
with a greater chance of monodomous F. rufa occurring
in zones with a high total coverage of woodland. Results
of the Kruskal-Wallis ANOVA revealed no significant
variation in their association with total length of south
exposed woodland edge and total length of woodland
edge (Kruskal-Wallis test H (3,N = 36) = 11.66, p >
0.05).

The PCA diagram based on the 12 habitat variables
recorded in the zones around the 36 WAS (Fig. 2) shows
that the area cover with coniferous woodland is signifi-
cantly correlated with the first principal component
(39.84% of the total observed variance in the dataset)
(Spearman rank correlation: coniferous woodland r =
—0.976, n = 36 and p < 0.01). Results of the Kruskal-
Wallis ANOVA revealed significant variation in the posi-
tion of the different types of red wood ants along the first
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axis (Kruskal-Wallis test H (3,N = 36) = 14.04, p =
0.0028). Post hoc Mann-Whitney U tests indicate that
monodomous F. rufa are significantly more associated
with woodlands with a high proportion of coniferous
trees than either monodomous (Z = 4.168 and p = 0.0002)
or polydomous F. polyctena (Z =2.928 and p = 0.0204).

Cover of oak, arable fields and other deciduous wood-
land were significantly correlated with the second prin-
cipal component, which additionally explained 19.43% of
the total observed variance in the dataset (Spearman rank
correlation: oak r = 0.519, n = 36 and p < 0.01; arable
field r = —0.699, n = 36 and p < 0.01). Results of the
Kruskal-Wallis ANOVA revealed no significant diffe-
rence in the position of red wood ant types along the
second axis (Kruskal-Wallis test H (3,N = 36) = 3.516, p
=0.32).

The cover of urban land and oak were significantly
related to the third principal component, which explained
some additional 13.08 of the total observed variance in
the dataset (Spearman rank correlations: urban land r =
0.448,n =36 and p < 0.01; oak r =-0.711, n = 36 and p
< 0.01; other deciduous woodland r = 0.437, n =36 and p
< 0.01). Results of the Kruskal-Wallis ANOVA revealed
no significant variation in types of red wood ant along the
third axis (Kruskal-Wallis test H (3,N = 36) = 1.95999,
both p = 0.5808).

Inventory of FWAS
Quantifying the loss of red wood ant populations

From 1984 to 2000 red wood ant sites were recorded in
27 different 1 km x 1 km UTM grid cells (n = 44
colonies; Fig. 3). Of the 44 colonies mapped at the end of
last century only 14 (32%) were found in 2007-2008. At
one (9%) of the 14 OWAS, Serviformica appeared to be
extinct. Serviformica species appeared to be extinct in 21
(70%) of the 30 sites that were previously occupied by
red wood ants (= FWAS).
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Fig. 3. Study area in north-western Belgium with sites (®) where red wood ants occurred at the end of previous century (former
wood ant sites, FWAS). Sites (o) where wood ants are currently present (called OWAS). Grey patches indicate woodland.

Changes in the habitat that occurred between the 80s and
90s of last century and 2008

There were no significant changes in areas covered by
the 12 different vegetation categories, the total length of
south exposed woodland edge and total area of woodland,
which appeared to contribute significantly to the decline
(all Mann-Whitney U tests between FWAS and OWAS, p
all > 0.05).

The average area of woodland in a zone around a
FWAS changed from 47.3% when red wood ants were
previously present to 47.1%. In zones around each
OWAS the average area changed from 50.2% to 48.2%.
The average of the total length of south, south east and
south west exposed woodland edges at FWAS changed
from 156 to 190 m and from 226 to 270 m at OWAS. The
total length of woodland edges (including also northern,
western and eastern exposed edges) increased form 224 to
388 m at FWAS and from 277 to 468 at OWAS.

FWAS and WAS

The second PCA searched for correlations among the
12 vegetation and habitat variables in the zones around
WAS and FWAS, using Nature Valuation maps for 2008.
When the 66 sites (30 FWAS and 36 WAS: 4 types of red
wood ants) and significant vegetation variables are
plotted (Fig. 4), the area covered by coniferous woodland
was significantly related to the first principal component,
which explains 31.18% of the total observed variance in
the dataset (Spearman rank correlation: pine r = 0.956, n
= 80 and p < 0.001). Results of the Kruskal-Wallis
ANOVA revealed significant variation in red wood ant

populations for the first axis (Kruskal-Wallis test H (3,N
=80) =25.156, p = 0.00001). Post hoc Mann-Whitney U
tests indicate a significantly higher cover of coniferous
woodland in zones around sites with monodomous F.
rufa than those with monodomous F. polyctena (Z =
4.7429 and p = 0.00002) and polydomous F. polyctena (Z
= 2.927 and p = 0.03421), and those sites where wood
ants are no longer present (Z = 4.2473 and p = 0.0076).

The cover of arable fields, urban land and oak were sig-
nificantly related to the second principal component,
which additionally explained 19.03% of the total
observed variance in the dataset (Spearman rank correla-
tions arable field r = 0.789, n = 80 and p < 0.001; urban
land r =-0.507, n =80 and p < 0.001; oak r =-0.425,n =
80 and p < 0.001). Results of the Kruskal-Wallis
ANOVA revealed no significant variation in red wood ant
populations for the second axis (Kruskal-Wallis test H
(3,N =80) =3.148380, p = 0.5333).

Potential causes of local extinction and current threats

Intensive agriculture and shading by shrubs and trees
appear to be the main factors responsible for the extinc-
tion of many red wood ant colonies in the region (for
FWAS both account for 26.7%, see Table 1). For the
WAS and OWAS threat from intensive agricultural
activities are less important, mainly because there are no
populations near agricultural fields. Shading (64.3%) and
recreation (21.4%) are the most important threats to
OWAS and shading the most important threat to WAS
(36.4%). There are no obvious threats at present for only
a few colonies.
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Fig. 4. PCA diagrams of the 12 vegetation variables measured in zones around 36 WAS and 30 FWAS in north-western Belgium.
The type of red wood ant: ® monodomous and A polydomous. Black symbols indicate F. rufa, grey F. polyctena and ¢ sites where
red wood ants became extinct (left figure Axis 1 vs Axis 2, right figure Axis 2 vs Axis 3).

DISCUSSION

Differences in habitats occupied by colonies of the
four types of red wood ant

In north-western Belgium there are four types of red
wood ant populations: mono- and polydomous F. rufa
(always 3 mounds or more) and mono- and polydomous
F. polyctena. Although a monodomous colony structure is
usual for F. rufa (Seifert, 1991, 2007), a polydomous
colony structure appears to be common in Flanders
(Dekoninck et al., 2003; Dekoninck & Muls, 2005;
Loones et al., 2008) and other parts of Europe (Skinner,
1980; Seifert, 1991, 2007). These polydomous colonies
each have several queens (e.g. Skinner, 1980; Rosengren
& Pamilo, 1983; Dekoninck et al., unpubl. data). As
reported elsewhere (Dekoninck et al., 2008; Loones et al.,
2008) the number of nests in these Flemish polydomous
colonies can fluctuate from year to year and so does the

TaBLE 1. Probable causes of extinction of wood ants at 30
former wood ant sites (FWAS) and the threats to 14 OWAS (old
wood ant sites) and 22 WAS (wood ant sites) in percentages and
absolute numbers.

FWAS OWAS WAS

(n=30) (n=14) (n=22)
(a) shading 26.7 (8) 64.3 (9) 36.4 (8)
(b) agriculture 26.7 (8) 7.1 (1) 13.6 (3)
(c) recreation 16.7 (5) 21.4 (3) 9.1 (2)
(d) nearby urbanisation 133 (4) 0 4.5(1)
(e) removal of food trees 3.3 (1) 0 4.5(1)
(a) + (b) 6.7 (2) 0 9.1(2)
(@) +(¢) 6.7 (2) 0 4.5
(@) +(c)+(d) 0 7.1 (1) 0
(a) + (d) 0 0 4.5()
No threats 0 0 13.6 (3)
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number of queens. Monodomous colonies of F. polyctena
are less common in Europe (Seifert, 1991, 2007; Gyllen-
strand et al., 2004; Maebe, 2007). In the study area, 16 of
the 24 (66%) colonies of this species are monodomous.
Personal observations indicate that these monodomous
nests are polygynous.

On average, the F. rufa colonies are situated furtherest
from urbanised areas and roads. Moreover, the structure
of the colonies is dependent on the environment. Mono-
domous F. rufa colonies almost exclusively occurred in
forests dominated by coniferous trees (Pinus sylvestris),
which appears to be a suitable habitat for this type of red
wood ant. Such forests have an open structure and the
nest mounds are located in areas where direct sunlight
reaches the ground. Aphid colonies on Pinus sylvestris
(Cinara sp.) are sometimes very abundant in these wood-
lands, with Cinara pini and C. schimitscheki being the
most abundant aphids. The density of nest of Servifor-
mica in this type of woodland is not only high at the
edges but F. fusca can also make nests in the centre of
these open forests.

The other three types of red wood ant are associated
with less forest cover, and often occur close to agricul-
tural land and human settlements, which mainly consists
of deciduous trees. The colonies that recently went extinct
were in the same kind of forest (Fig. 4). On heathland
surrounded by oak and shrubs the probability of finding
polydomous F. rufa and monodomous and polydomous
F. polyctena is greater than finding monodomous F. rufa.
This habitat is highly threatened in north-western Bel-
gium and nowadays confined to small nature reserves
(Piessens et al., 2004, 2005).

Dispersal strategy and social organisation

Red wood ants are absent in the majority of woodland
patches (Fig. 1). No newly founded colonies were located



in the areas surrounding FWAS. The absence or loss of
red wood ants may be the result of poor habitat quality.
The probability of colonization is likely to be very low if
these sites are isolated from other occupied areas (Mabe-
lis, 2007). Red wood ant species differ in their ability to
colonize vacant areas, due to differences in their dispersal
strategies (Seifert, 1991, 2007; Hofener et al., 1996). The
difference is associated with the readiness of workers to
accept more queens into their nest, either fertilized daugh-
ters or young queens from other nests. In many cases a
colony of a species that accepts many queens, like F.
polyctena, has a lower probability of going locally extinct
than a colony of a species that accepts just one or only a
few queens (Mabelis & Chardon, 20006), like F. rufa.
Moreover, a species that has many queens per nest can
disperse by means of budding, during which workers
transport several queens form the mother nest to newly
built daughter nests. In such cases stable super-colonies
can develop as are known for Formica aquilonia (Sorvari
& Hakkarainen, 2005), Formica paralugubris and For-
mica lugubris (Cherix, 1980; Gyllenstrand & Seppd,
2003) and Formica truncorum (Bargum et al., 2004).
This is often a much safer and easier but slower way of
dispersal than colonizing an area by means of flying
queens (Rosengren & Pamilo 1983, Rosengren et al.,
1993; Mabelis, 1994). However, the advantage of dis-
persal by budding is lost if the habitat consists of small
patches. In this case, it may be a better option for a young
queen to leave the area by flying (Hofener et al., 1996;
Mabelis & Korczynska, 2001; Mabelis, 2007). In the
study area, both F. rufa and F. polyctena, had flexible
social organizations and dispersal strategies. The forma-
tion of polydomous colonies was not associated with
large forest patches (more than 1 km?). Moreover, there
were indications that all 4 types of red wood ant nests are
frequently polygynous (Dekoninck, unpubl. data).
Probably small woodland patches often change in quality,
accessibility and presence of Serviformica-species and as
a result in the absence of a species-fixed organisation and
dispersal strategy.

A high risk for extinction

As 68% of the red wood ant colonies recorded at the
end of the last century no longer exist there seems to be a
real danger of these ants going extinct in this region. The
absence of Servifomica ants at 64% of the FWAS means
these sites are unlikely to be re-colonized. At present red
wood ants are only likely to be safe in large forest com-
plexes and nature reserves in the region, where the even
more threatened myrmecophiles, Clytra quadripunctata
and Coccinella magnifica occur (Decock, 2006; Dekon-
inck et al., 2008). It is difficult to ascertain if the extinc-
tion rates of the four types of red wood ant differed
because neither the species or type of red wood ant pre-
sent at the end of the last century were recorded.

Reasons for extinction

Because there were no apparent differences in the com-
position of the habitat in the designated zone around each
of the colonies that went extinct and those that are still

extant, the disappearance of so many colonies cannot be
due to the loss of suitable habitat. Field observations
made during 2007 and 2008 indicate that habitat deterio-
ration due to disturbances is the likely cause. A combina-
tion of the loss of sufficient appropriate food sources
(Puntilla, 1996), repeated human disturbance by agricul-
tural activities (Mabelis, 2002) and recreation, succession
of several wet summers (Robinson, 2001) and habitat
fragmentation, can prove fatal for many red wood ant
colonies (Bernasconi et al., 2005; Miki-Petdys et al.,
2005).

Most of these disturbance factors occur in this region
(Table 1). Of greatest importance is the shading of the
nests that occurs due to overgrowth by shrubs and closing
of the tree canopy. Also important is the intensive use of
the forests for recreation and nearby intensive agriculture.
Drift of manure and pesticides from sprays applied to
fields often contaminates nests in woodland verges adja-
cent to agricultural land.

The high degree of fragmentation and disturbance
typical of woodlands in this region appears to have little
effect on Formica polyctena (both monodomous and
polydomous). About 60% of all nests and 70% of all
colonies in the study area are of this species. As F.
polyctena forms almost exclusively polygynous colonies
(Seifert, 2007) this species is probably more resistant to
shading or intensive agricultural activities than the mono-
domous and in many cases monogynous F. rufa. If at
least one nest of a polygynous colony survives a distur-
bance, the “back-up queens” in the surviving mound can
restore the colony. Maybe this is why both F. rufa and F.
polyctena near Bruges are polygynous, even those pro-
ducing monodomous nests (Dekoninck, unpubl. data).

Is Serviformica the missing link?

While only in one out of 36 (< 3%) WAS no Servifor-
mica ants were detected during our intensive field surveys
of 2007 and 2008, these host ants could not be found in
70% of the FWAS. These results indicate there is a link
between the extinction of red wood ant colonies and
either the absence or an extremely low density of Servi-
formica ants. Indeed, when F. fusca is absent or there are
very few nests, re-colonization by temporary parasitism is
very unlikely (cf. Rosengren & Pamilo, 1983; Puntilla,
1996). The only remaining option then is migration over
the ground by budding (Mabelis, 1984). This is a highly
unlikely mode of dispersal in our region because of the
high degree of fragmentation and isolation of the wood-
lands. Seifert (1986, 2007) documents the high suscepti-
bility of Serviformica to shading. The reduction in host
nest availability, due to closure of the higher vegetation
layers and anthropogenic disturbance, may therefore con-
tribute to the extinction of red wood ant colonies. Future
investigations should determine whether the development
of a grass layer is due to atmospheric and agricultural
nitrogen precipitation and the effect thus may have had in
reducing the abundance of Serviformica.

Moreover, many woodland patches are too small to
maintain high nest densities of Formica fusca and red
wood ants. In small WAS sometimes Serviformica suffer
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from extreme aggression and competition from the bigger
and usually more abundant red wood ant workers (Mabe-
lis, 1984; Czechowski & Vepsildinen, 1999; Czechowski
& Marko, 2006). If this leads to the extinction of Servi-
formica, red wood ants create for themselves a “pre-
suicidal” situation. In many such cases “once lost” can
mean “lost forever”. In the open coniferous woodland
Serviformica is still abundant and monodomous F. rufa
colonies thrive.

Conservation of red wood ants

Increasing and improving the connectivity of woodland
patches is highly recommended for the sustainable con-
servation of red wood ants in this region. Much more
important is to maintain what is left of their preferred
habitat. The remaining colonies need to be protection.

In Belgium, red wood ants prefer to build their nests in
open forests and on the (southern) edges of dense forests.
Like many other social insects, most species of ants use
the warmth of the sun to increase the rate of development
of the brood in the nest (Holldobler & Wilson, 1990).
Under natural conditions small open areas can result from
windfall, and grazing by big herbivores sometimes can
keep such areas open long enough for forest edge species,
like the red wood ants, to become established (Mabelis,
2007; Kilpeldinen et al., 2008). In Europe, the forests are
mainly used for producing wood (Kilpeldinen et al.,
2005). For red wood ant conservation in these forests,
open areas can be created by felling trees or pulling them
down. This would not only create a habitat for red wood
ants but also for the necessary Serviformica as Formica
fusca, and many other open-forest species (Dajoz, 2000;
Grove, 2002). Thus, by creating a more varied vegetative
structure and small open areas in forests it should be pos-
sible to maintain or increase the biodiversity (Baz &
Garcia-Boyero, 1995).

Thus, there is a need to establish zones specifically for
conserving red wood ant colonies outside nature reserves
and large open forests. Formica colonies near to areas of
intensive agriculture would benefit from the presence of
an unprocessed border along the edges of adjoining pas-
ture or arable fields. The management of woodland edges
should aim to increase the amount of solar radiation
reaching the soil surface. It is also important to monitor
the effect of these measures on both red wood ant colo-
nies and the presence and abundance of Serviformica
ants. In summary, conservation of red wood ants in the
study area is not a lost cause but there is an urgent need to
protect the preferred habitats of the ants.
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