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Abstract Red wood ants (RWA) are of great ecological
importance for the forest ecosystem. Forestry practices,
like clear-cutting, and trampling load, due to tourism,
logging, and grazing stock, can greatly affect their colo-
nies, disturbing their microhabitat. RWA in Greek forests
have not been investigated so far. We herein report on the
distribution and morphological traits of Formica lugubris
mounds studied in Elatia forest (Rhodope mountains,
Northern Greece), an all-aged managed mixed forest
where selective logging practices are performed. Nearby
vegetation, slope, canopy cover, shrub density, and dis-
tance from the nearest neighboring trees were also record-
ed. Mound density was shown to be much higher in this
Greek forest compared to RWA mounds in other
European-managed forests. Furthermore, we recorded a
continuous nest establishment, despite forest management
disturbances and trampling load. Our study suggests that
single-tree selective forestry practices are essential for
creating ideal microhabitats for the RWA and, therefore,
for maintaining RWA populations.
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Introduction

Ants are important components of ecosystems, consti-
tuting a great part of the animal biomass and acting as
ecosystem engineers (Folgarait 1998). Majer (1981)
proposed ants as indicators of impacts of human distur-
bances on natural ecosystems. Therefore, ants became
an integral part of monitoring agricultural practices
(Perfecto and Vandermeer 2002), grazing by livestock
(Whitford et al. 1999; Bestelmeyer and Wiens 2001),
and soil erosion (Whitford et al. 1999).

Red wood ants (Formica rufa group), a sub-generic
group within the genus Formica, is considered as a key-
stone taxon in temperate and boreal forest ecosystems
due to their high abundance, high dominance, and eco-
logical importance in forest ecosystems (Finnegan
1976; Laine and Niemala 1980; Pokarzhevskij 1981;
Whittaker 1991; Frouz et al. 1997). Their mounds are
reported as “hot spots” for C emissions due to the
respiration activity of the ants as well as of other inver-
tebrates such as myrmecophilous species and the micro-
bial activities (Frouz 2000; Risch et al. 2005; Paivinen
et al. 2002). RWA influence tree growth by feeding on
leaf defoliators and/or protecting sap-sucking leaf
aphids (Laakso and Setéld 2000). In addition, they di-
rectly affect the forest ground, canopy, and/or trunk food
webs by preying on a wide range of fauna, or indirectly,
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by competing with other predators, and by tending aphids
(Skinner 1980; Skinner and Whittaker 1981; Von
Sorensen and Schmidt 1987; Laakso 1999; Schultz and
McGlynn 2000; Alonso 2000; Laakso and Setéld 2000;
Graham et al. 2009).

Six species of the F. rufa group are considered as
species of Lower Risk/Near Threatened (NT) in the In-
ternational Union for Conservation of Nature (IUCN)
Red List of Threatened Species (IUCN 2013). These
species are F. aquilonia Yarrow, F. polyctena Forster,
F rufa L., F lugubris Zetterstedt, F. pratensis Retzius,
and F uralensis Ruzsky. Key threats for these species are
nest destruction by woodpeckers (Elton 1932), “wet
springs” (Perrett and Stradling 1997), bracken invasion
of disturbed woodlands by (Satchell and Collingwood
1955) coppice neglect (Barrett and Felton 1965), insecti-
cide use near mounds (Wells et al. 1983), pupae collec-
tion as fish or bird food (Gauld et al. 1990), lack of forest
management (Hughes 2006), fires (Nelmes 1938), graz-
ing stock disturbance (Hughes 1975), trampling load
disturbance (Martin 2010), and vandalism (Chater and
Spencer 1989). On the other hand, forest management is
essential for the conservation of the RWA: ride and wood
edge maintenance along with the retention of honeydew-
producing trees, like sycamore, oak, and Scots pine, is
indispensable for favoring RWA (Fowles 1994). Albeit
essential for RWA conservation, forest management may
increase trampling load, overshading, forest recreation,
and direct destruction of nests. Tourism can also disturb
the RWA, due to heavy trampling load resulting in de-
creased ant paths and loss of food territory (Martin 2010).

Despite the ecological importance of the RWA and
conservation concerns for certain species and their habi-
tat, the status of the RWA Greek populations has not been
investigated so far. Formica lugubris Zetterstedt, one of
the species of the F rufa group classified as Lower
Risk/Near Threatened in the [IUCN’s Red List of Threat-
ened Species (IUCN 2013), is only considered to be
widespread from central Italy to northern Norway and
in the British Isles (Breen 1977; Collingwood 1979).
However, more recent studies highlight the presence of
F lugubris also in Greece (Legakis 1983; Borrowiec and
Salata 2013), Bulgaria (Lapeva-Gjonova et al. 2010), and
the rest of the Balkan Peninsula (Agosti and Collingwood
1987a). Since RWA species are morphologically very
similar and able to hybridize (Seifert 1991; Czechowski
1996), the taxonomy has always been difficult and con-
troversial concerning correct species identification
(Yarrow 1955; Seifert 1991).
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The aim of the present study was to report on the
presence of F. lugubris in Elatia forest and to assess the
size and physical traits of its mounds. Elatia forest in
Drama (Rhodope mountains) is a mixed forest where
F lugubris species has been recorded. Opposed to most
even-aged boreal forests where F. lugubris is abundant,
Elatia is an all-aged managed forest where selective
logging practices are performed; these practices have
far less impact on forest processes than clear-cutting but
can change microclimate and therefore affect RWA (Ray
et al. 2005). We also assessed the main flora species
found nearby F. lugubris mounds and attempted to
discuss our findings relative to forest management prac-
tices applied in this habitat. Considering that ecological
studies of £ lugubris in Mediterranean forests are lack-
ing, our study presents the first report on RWA mounds
traits in an all-aged Mediterranean forest.

Materials and methods
Study area

We studied RWA mounds in a 7-ha area in Elatia forest,
Northern Greece (41° 29’ N, 24° 18’ E), an all-aged
managed forest dominated by Norway spruce (Picea
abies L.), Scots pine (Pinus sylvestris L.), and copper
beech (Fagus sylvatica L.). By the 1960s, the stand was
put under the management of the Forest Service
(Oikonomakis and Ganatsas 2012). Selective logging
silvicultural practices are performed every 10 years, last
practiced in 2010. The altitude is 1510-1535 m above
sea level. The understory vegetation was dominated by
shrubs, mainly by common bilberry (Vaccinium
myrtillus L.) and European raspberry (Rubus idaeus
L.), and the bottom layer by wild strawberry (Fragaria
vesca L.).The site type is classified as Vaccinio-Piceion
(Cajander 1949). The geological formation consists
mainly of granite, gneiss, and limestone (Zagas 1990)
For more detailed description of the study area, see
Tsiaoussi (1996).

Field study

All RWA mounds were inspected during July—August
2012. Parameters recorded with regard to the mound
physical traits were top height and base diameters
(northsouth, eastwest, minimum, and maximum). These
were mapped with a Global Positioning System. We also
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recorded the slope, the nearest neighboring tree distance
from the mounds and their breast height diameter, canopy
cover species assemblage, shrub density in a 5-m radius,
and ground vegetation species in a 1-m radius. Aban-
doned and/or destructed mounds were not included in our
analyses.

Ant species

Ant species were collected with direct sampling. Indi-
viduals were kept in ethanol and later on identified in the
lab by using identification keys by Agosti and
Collingwood (1987b).

Mathematical calculations

Above-ground volume of ant mounds was calculated
using the formula of an ellipsoid (V' = ‘3—‘7rabc), while
the base area of each mound was calculated using the
formula of an ellipse (4 =wab). Mound dispersion was

calculated using the index of dispersion (D = %2).

Mound physical traits (height, basal area, and volume)
were analyzed with factor analysis (principal compo-
nents method). The component with the largest eigen-
value (cumulative = 93.08 %) was again analyzed with
factor analysis with the environmental factors (slope,
brightness, shrub density, distance from the nearest tree,
and its breast height diameter) (SPSS 17.0). The nest
density was calculated and analyzed with QGIS 2.2.0.

Fig 1 F lugubris mounds in the
study area (QGIS 2.2.0)

Results and discussion

In the study area, we found 46 active mounds of the
species F. lugubris with an average of 6.53 mounds/ha,
following a random spatial pattern (Fig. 1), number far
higher than European forests. Mound density of RWAs
can be high (up to 18 mounds/ha) in certain forest types,
like temperate and boreal forests (Raignier 1948;
Ceballos, and Ronchetti, 1965; Gris and Cherix 1977,
Cherix and Bourne 1980). Sudd et al. (1977) recorded a
mean density of 1.61 mounds/ha in Northern England,
with a maximum in a forest compartment which
contained gills and scrubs of 5.6 mounds/ha. However,
most recent studies showed much lower densities. The
mean density we calculated was much bigger than the
respective in forests in the Republic of Ireland, France,
Germany, and Poland (0.005-0.320 mounds/ha) (Breen
1979; Klimetzek 1981; Szczepanski and Podkowka
1983; Travan 1990; Nageleisen 1999). Even compared
to the boreal forests of Finland, where F lugubris is
abundant, the average density of mounds in several studies
was found to be much lower (3 mounds/ha) (Rosengren
et al. 1979; Domisch et al. 2005; Kilpelainen et al. 2005).
Travan (1998) found densities between 0.32 and
17.78 mounds/ha of all the RWA species in the Bavarian
Alps, 15 % of which were F lugubris.

Nests were found to be 0.74 m in height and 0.5 m® in
volume (Table 1). Domisch et al. (2005) found an aver-
age of 0.47 m in height and 0.68 m® in volume in 5-year
old Scots pine stands and 0.77 m in height and 1.23 m’
in volume in mature Norway spruce stands. But since

50 100 150 200 m
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Table 1 Physical traits of F lugubris mounds found in Elatia forest (Rhodope mountains)

Mean diameters (m)

Mean physical traits

NS EwW Min Max Height (m) Basal area (m?) Volume (m®)
0.87 0.90 (0.27) 0.72 (0.27) 1.16 (0.63) 0.74 (0.31) 0.76 (0.62) 0.50 (0.41)
(0.35)

Standard deviations are in parentheses

NS north to south base diameter, EW/ east to west base diameter, Min minimum base diameter, Max maximum base diameter

such measurements have been made in even-aged stands
and found significant differences depending on the age
of the stand, we cannot infer anything for an all-aged
forest, like Elatia forest.

Physical traits, like size and shape, of RWA mounds
are largely dependent upon environmental factors, but in
general, older mounds have larger domes (Fowles
1994). Morley (1953) suggests that nests over 1 m in
height may be between 40 and 100 years old. Since we
did not find any correlation among the physical charac-
teristics, brightness, slope, distance from the nearest
overstory tree and its breast height diameter, and density
of shrubs and understory trees (Table 2), we conclude
(due to the large variation of the physical trait measure-
ments) that there was a variability in the age of the nests,
which means that there is still nest establishment as well
as older mounds, despite the management disturbances
and the trampling load caused by visitors and the resi-
dents of Forest Village of Elatia (loggers and officials of
the Forest Service and the students do their internships
in the area during the summer months). Further research
is needed about other environmental factors that can
affect the physical characteristics of the mounds that
were not taken into account, such as the availability of
nest material and exposure to wind and rain.

For most mounds (78.26 %), there was at least one tree
in distance of 2 m from the center of the mound (mean
1.77 m with mean BHD 0.39 m), mostly of Norway
spruce (91.67 %) and occasionally of Scots pine
(5.55 %). Also, all mounds had some form of ground
vegetation within 1.5 m radius; a total of 20 different
plant species, a species of the genus Campanula, a spe-
cies of the genus Lathyrus, and certain grasses that could
not be identified, a total of 15 different families (Table 3).
In 77 % of the mounds, the ground vegetation included
Vaccinium myrtillus, and other common species were
Rubus idaeus (68 %) and Fragaria vesca (46 %).

Since we have a variance of the age of the nest, we
conclude that we have continuous nest establishment
and a low rate of nest abandonment. That means that
trampling load due to tourism activities do not seem to
disturb the RWA nest establishment and population.
Also, silviculture practices, like single-tree selection,
do not affect negatively the mounds, but, contrary, they
create sunny hotspots, considered as the ideal microhab-
itat for the RWA. Maybe the all-aged forests managed
with single-tree selection silviculture practices create the
ideal habitat for RWA, and that is the reason why they
are abundant, since the number of mounds per hectare in
even-aged stands was found much lower (Breen 1979;

Table 2 Correlation matrix of the quantitative variable used in factor analysis

Slope Brightness Shrub density Nearest tree Physical characteristics BHD
Slope 1
Brightness —0.005 1
Shrub density 0.062 0.214 1
Nearest tree —0.059 -0.377 —0.112 1
Physical characteristics —0.036 0.144 —0.035 —0.166 1
BHD 0.01 0.311 0.142 —0.431 0.161 1

Physical characteristics: variable related to the factors height, basal area, and volume with factor analysis (cumulative = 93.08 %)
BHD diameter at 1.3 m height
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Table 3 The flora species found within 1.5 m radius from the

center of the mounds

Asteracea

Cirsium apeticulatum

Mycelis muralis
Campanulaceae

Campanula sp.
Dennstaedtiaceae

Pteridium aquilinium
Ericaceae

Vaccinium myrtillus
Euphorbiaceae

Euphorbia amygdaloides
Fabaceae

Lathyrus sp.

Trifolium repens
Fagaceae

Fagus sylvatica
Lamiaceae

Prunella vulgaris

Pinaceae

Picea abies

Pinus sylvestris
Poaceae

Dactylis glomerata

Festuca arundinacea

Poa trivialis

Other grasses
Rosaceae

Fragaria vesca

Rubus idaeus
Rubiaceae

Galium verum
Salicaceae

Populus tremula

Salix caprea
Urticaceae

Urtica dioica

Onagraceae

Epilobium angustifolium

Rosengren et al. 1979; Klimetzek 1981; Szczepanski
and Podkowka 1983; Travan 1990; Nageleisen 1999,
Domisch et al. 2005), so maintaining the all-aged forest
management could be essential in order to keep the
number of mounds high. But further monitoring of the
mounds is needed for the reaction of the ants after the
logging of nearby trees, especially for the aphid-rich
trees, like Scots pine (Fowles 1994) and the photophilic
trees, because they create sunny gasps in the forest. The
Scots pine P. sylvestris, which is co-dominant in Elatia
along with the Norwegian spruce P. abies, is aphid-rich
and photophylic too, so maintaining its populations with
variable retention practices could be important for main-
taining RWA populations. Felling trees are important for
RWA too, so thinning and coppicing trees are the best
methods to mimic naturally occurring, small-scale dis-
turbances. But large and unsustainable clear fells can be
devastating for the RWA, especially the small and vul-
nerable populations (Hughes 2006). Although Sudd
et al. (1977) proposed rides and clearings at intervals
of about 40 m to establish wood ants at a high even
density.

Also, additional briefing is needed for the tourists,
herders, and lumberjacks, in order to prevent future

vandalisms, grazing stock, and direct damage when
carrying out forestry operations, respectfully.
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