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Abstract

The mountain ecosystems of Central Europe are an important natural phenomenon. The character of small isolated islands
also predetermines their vulnerability. Typical inhabitant of subalpine and alpine peat bogs, tiny montane habitats, is the
endangered dragonfly Alpine Emerald (Somatochlora alpestris) a glacial relict surviving in restricted area of several
mountain ranges within Central Europe. Species is threatened mainly by habitat loss and its transformation due to climate
change, the expansion of tourist activities and plant succession. In our study from three mountain ranges in the Czech
Republic, we bring the first ever evidence of successful development of S. alpestris in artificial habitats. Successful devel-
opment of the species was recorded in peat pools created by the movement of heavy machinery on now almost abandoned
forest roads. Some of the pools have been colonized in great numbers - up to tens of larvae of different instars, exuviae
and imagoes have been found. Successful colonisation of the species was mainly due to: (i) proximity to source sites, (ii)
suitable environmental parameters of the secondary habitat and (iii) the gradual abandonment of the paths” use, leading
to a reduction in the frequency of disturbance.

Implications for insect conservation

We consider active management through the pools” creation as a possible way to support S. alpestris populations, both by
(i) establishing new sites replacing lost ones, but also by (ii) creating stepping stones allowing more effective dispersal of
individuals in the environment and functionally connecting natural habitats.
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Introduction

The ecosystems of the Central European mountains rep-
resent some of the most important natural environments
in Europe. The subalpine and alpine habitats in particular
stand out for their high natural value, representing isolated
islands with uniquely formed communities with many
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endemic animals and plants (Nagy et al. 2003). The relict
dragonfly Alpine Emerald (Somatochlora alpestris) (= Salp)
is one of the typical species associated with these rare and
small mountain habitats. Salp is Eurosiberian species with a
boreo-montane distribution. In Central Europe it occurs dis-
junctively only in the highest mountain ranges — the Vosges,
the whole Alpine range, the Schwarzwald, Harz, Thiiringer
Wald, most of the Sudeten Mountains (Sumava, Slavkovsky
les, Jizerské hory, Orlické hory, Kralicky Snéznik and
Hruby Jesenik), similarly in several places in the Carpath-
ians (High Tatras, Orava Beskydy, Ukrainian Carpathians
and Southern Carpathians in Romania) (Dijkstra and Lew-
ington 2006; Dolny et al. 2007; Wildermuth 2008; Flenker
2011).

One of the most numerous populations in the Czech
Republic in the Hruby Jesenik mountains is bound to pools,
which together cover an area equivalent to a small gar-
den, i.e. hundreds of m? (Holusa 1995, 1997). Therefore,
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this population is also potentially threatened with extinc-
tion (Griffen and Drake 2008). Hence the conservation of
this species is problematic and relies on the strict protec-
tion of the natural habitat, i.e. mostly on the preservation
of its hydrological regime and leaving the surface of the
peatland untouched. However, subalpine habitats are chang-
ing and becoming overgrown due to climate change, spread
of woody plants, loss of grazing and tourism development
(Kasak et al. 2013, 2015; Zeidler et al. 2020; Senfeldr et
al. 2021), threatening populations of relict mountain insect
species (Kasak et al. 2015; Konvicka et al. 2021). There-
fore, alternative methods for dragonflies” conservation are
being sought in the form of active management - including
the support of populations through the creation of artificial
habitats. However, studies on the establishment and suc-
cessful use of artificial aquatic habitats for dragonflies in
mountains are still very rare (but see Dolny et al. 2018; Fait
et al. 2020).

Salp is a dragonfly with specific ecological requirements,
it is a typical species for upland areas on flat ridges and
especially in mountain saddles, where the larvae develop
in small pools or peat ponds. It prefers stagnant waters for
its development, but occasionally occurs in spring biotopes.
The species has a strong preference for open montane to
alpine sites, with occasional occurrences in lower eleva-
tions in open forests. Most of the localities with documented
development in the Czech Republic are above 1000 m
(Dolny et al. 2007), but in the Alps sites up to about 2500 m
are inhabited (Janetschek 1960; Wildermuth 2008). The
water area of the preferred habitats is mostly limited to a
few m?. The species is associated with water bodies with a
depth of up to 30 cm and a bottom consisting of a muddy
layer of at least 10 cm and a low plant cover of up to 20%
of the surface area. The banks are mostly sharply delim-
ited (often perpendicular to undercut) and the littoral of the
sites, depending on their character and altitude, is charac-
terised by vegetation with a significant representation of
peat mosses (Sphagnum spp.), cottongrasses (Eriophorum
spp.), cranberry (Oxycoccus palustris), sedges (e.g. Carex
limosa) and polytrichum mosses (Polytrichum spp.). At the
lower elevation sites, only Norway spruce (Picea abies)
and dwarf pine (Pinus mugo) are present among the woody
plants in the surrounding area (Holusa 1995, 1997; Wilder-
muth 1999, 2008; Dijkstra and Lewington 2006; Dolny et
al. 2007; Oertli 2010; De Knijf et al. 2011).

The biotopes are also characterised by a frequently fluc-
tuating water regime. Salp larvae living on the bottom and
in muddy sediments are able to survive extreme conditions
such as summer drying of the habitat for up to 3 months,
then even subsequent winter freezing. Larval development
is long, and it has been shown to take more than 3 years
(Johansson and Nilsson 1991). With a few exceptions, Salp
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larvae have so far only been found in natural habitats (Wil-
dermuth 1999; Dolny et al. 2007; Fait et al. 2020). Adults
are active from late June to early August. Imagoes are char-
acterized by relatively low fidelity to the home range, as
well as good dispersal ability (Wildermuth 1999; Knaus and
Wildermuth 2002; Dolny et al. 2007).

The specific and extreme conditions of the Salp habitats
(Wildermuth and Knaus 2002) predetermine the very poor
insect community of these sites.The Alpine Emerald is thus
usually the only dragonfly species permanently inhabiting
these aquatic habitats. The only typical species accom-
panying Salp on its habitats in the Czech Republic is the
Common Hawker (4deshna juncea) (Holusa 1995, 1997), on
larger peat ponds the Bog Hawker (4. subarctica), Common
Bluet (Enallagma cyathigerum), Small Whiteface (Leucor-
rhinia dubia) and individually other tyrphophilic species,
and on alpine peat bogs the Azure Hawker (4deshna caeru-
lea) (Dolny et al. 2007).

Salp is listed on the Red Lists of many countries (e.g.
Raab et al. 2006; Dolny et al. 2017; Monnerat et al. 2021,
Ott et al. 2021). Therefore, the present paper is the first to:
(i) report on the successful development of Salp in artificial
habitats and (ii) propose options for artificial habitat cre-
ation as a tool to support the population of a relict dragonfly
species — Salp.

Methods

The study from the Czech Republic analyses data collected
in three Central European mountain ranges of the High
Sudetes — Hruby Jesenik Mts., Kralicky Snéznik Mts. and
Rychlebské hory Mts., (Fig. 1). The altitudes of the highest
ridges of these mountains range from 1000 to 1490 m above
sea level and, except for the Rychlebské hory Mts., a sub-
alpine forest-free zone has developed. The climate is cold,
with mean temperatures varying from —6.6° C in the coldest
month (January) to 9.5° C in the warmest month (August).
The long-term annual average rainfall is 1200-1300 mm
and 200 rainy days per year on average. Snow cover lasts
about 180 days, typically from the end of October to mid-
May (Demek and Kftiz 1994). Salp is known of all three
mountain ranges (Dolny et al. 2007), in the case of some
localities for a long time since the 19th century (Kolenati
1859). Here, Salp is associated with saddle peatlands on
ridges ranging from loose spruce forest to subalpine zone,
with only a few occupied water patches in each mountain
range (Dolny et al. 2007).

The research was carried out at 4 sites: Hruby Jesenik —
Ostry vrch Mt. (=0V) GPS: 50.0818 N, 17.2604E, Velka
Jezerna Mt. (=VJ) GPS: 50.0684 N, 17.1836E; Kralicky
Snéznik — Tetfevi hora Mt. (=TH) GPS: 50.1678 N,
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Fig. 1 Location of study sites in the Czech Republic. Hruby Jesenik Mts.: OV =Ostry vrch Mt., VJ =Velka Jezerna Mt.; Rychlebské hory Mts.:

SM =Smrk Mt.; Kralicky Snéznik Mts.: TH = Tetfevi hora Mt.

16.8650E (Fig. 2) and Rychlebské hory — Smrk Mt. (=SM)
GPS: 50.2302 N, 17.0304E. A total of 12 artificial pools
were surveyed (OV=2, VJ=3, TH=5, SM=2). In the
vicinity of each site (0.1-2.3 km) there are natural habitats
inhabited by Salp (Holusa 1997; Dolny et al. 2007; Dolny
2009). The anthropogenically created aquatic habitats stud-
ied were always formed by pools in forest (unpaved) roads
in the rutted tracks left by heavy forestry equipment. Mostly
these were old, abandoned for more than 10 years, or rarely
used (estimated once every few years) forest roads. The
aquatic habitats were created usually during timber export
after wind disturbance and following bark beetle outbreak
(recorded on the basis of aerial photographs), which gave
rise to semi- to fully open habitats surrounded by loose
young spruce stands up to 30 years old (Kasak et al. 2017).

Data sampling

For the purpose of extensive dragonfly monitoring (2016—
2022, two visits of each site), each site was visited during
one vegetation season (June — August). The characteristics
of each artificial aquatic habitat were recorded: minimum
distance to natural pool occupied by Salp (km), altitude
(m a.s.l.), water surface area (m?), maximum depth (cm),
chemical parameters (pH and conductivity), composition
of riparian and aquatic vegetation, presence of deep muddy

bottom (present/absent), disturbance (present=visible dis-
turbance of vegetation, reduced cover; absent=minimal or
no disturbance of vegetation, high cover of vegetation). The
chemical parameters were measured once with an Extech
EC500 instrument. The nearshore areas including aquatic
vegetation and bottom were hand surveyed and dragon-
flies larvae were collected. The banks were surveyed once
for 10 min on each site. Exuviae and adults were recorded
simultaneously. Determination of larvae and exuviae was
made according to Heidemann and Seidenbusch (2002) and
Brochard et al. (2012).

Results

All stages of development of Salp have been found,
including larvae of different instars (ranging from young-
est - size ca. 1 cm - to older just before metamorphosis)
exuviae and adults, demonstrating the development of mul-
tiple generations. Larvae were found in all four study sites
(i.e. mountains — OV, VJ, TH and SM), with evidence of
species development in 6 of the 12 artificial pools. Near-
est inhabited natural peat-bog from each study site was
located within 0.1-2.3 km range. The species was abundant
in some pools, as evidenced by the finding of up to 30 lar-
vae (Table 1). These records represent the first evidence of
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Fig. 2 Artificially created pool in an abandoned forest path inhabited
by Alpine Emerald (Somatochlora alpestris). The image shows the
pool with the highest abundance of the species, where 30 larvae of dif-
ferent instars, several exuviae and a patrolling imagoes were recorded.

repeated successful use of artificial aquatic habitats by Salp.
The inhabited pools were small with a maximum area of
20 m? and depth 70 cm. Typical was a bottom with deep
muddy layer (even tens of cm) and richly developed ripar-
ian vegetation, where peat and polytrichum moss, together
with sedges were significantly represented. Pools with Salp
were typically colonised by other species such as A4. juncea,
A. cyanea and P. nymphula (Table 1). In contrast, unoccu-
pied pools were usually dominated by coarser substrate in
the bottom (gravel, stones or a layer of fallen wood) and
were still disturbed (car runs and mud wading animals). The
banks were sparsely vegetated (sometimes almost barren),
usually dominated by Juncus sp. and Avenella flexuosa, and
were not colonised by other dragonfly species, except from
A. cyanea in one pool (although Salp males were sometimes
observed patrolling here). Another tyrphobiont species as A.
subarctica and L. dubia were not recorded at artificial pools
(Table 1).

The characteristics (elevation, area, depth, bottom sub-
strate and vegetation) of the artificial habitats colonised by
Salp correspond to natural peatlands (Fig. 2). Similar condi-
tions are also illustrated by the partial overlap of “syntopic”
species such as the typical species accompanying Salp on its
sites, above all, the tyrphophilous A. juncea.
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The creation of artificial habitats of this type can therefore serve as a
tool for supporting populations of this endangered dragonfly (Kralicky
Snéznik - Tetfevi hora Mt., Czech Republic, 13 July 2021, photo J.
Kagak)

Discussion

Salp is an endangered glacial relict associated with very
specific natural habitats — alpine peat bogs (Dolny et al.
2007). According to previous studies, the creation of new
habitats for such highly specialized tyrphobionts has not yet
ensured the conditions for successful development and long-
term persistence of populations (Dolny et al. 2018; Fait et
al. 2020). Apparently, these small-sized artificial pools are
not attractive habitat for other specialized dragonflies — for
instance, A. subartica and L. dubia prefer larger peat-bogs
with abundant floating vegetation of peat moss (Dolny et al.
2007). The present study, however, demonstrates the suc-
cessful development of Salp larvae in artificial anthropo-
genic habitats created by the passage of forestry machinery
(Fig. 2; Table 1).

Our surprising findings can be explained by a combina-
tion of factors: (1) the location and geomorphology of the
sites, and (2) the origin and subsequent use of the biotopes.
All study sites with artificial habitats are located in the
mountain ranges where the Salp population is found (Dolny
et al. 2007) and the nearest inhabited peat-bogs were no
more than 2.3 km away (Holusa 1997; Dolny 2009). The
colonisation attempts of Salp imagoes thus may have been
frequent due to the proximity of occupied peatlands. Flights



Journal of Insect Conservation (2023) 27:315-321

319

Table 1 Characteristics of natural and artificial habitats inhabited by
Alpine Emerald (Somatochlora alpestris) in the Czech Republic

Characteristic Natural habitat* Artificial
Salp development! P P A
Salp (L/E/T) 2 Dozens/few/few 1- 0/0/1
30/1-
2/1-2
Distance (km)® Usually up to 1 0.1-2.3 0.1-2.3
Altitude (m a.s.l.) Optimum 1100— 1100—
1000-1500 1250 1250
Area (m?) 4 1-500 120 14
pH 3453 3548 4.1-58
Maximum depth (cm) cca. 100 70 30
Conductivity (uS cm™")  46-52 19.5-  16.5-36
38.5
Muddy bottom® P P A
Disturbance® A A P
Vegetation’ Sphagnum spp., Sphag- Juncus
Eriophorum spp., num spp.,
Oxycocus palustris, spp., Avenella
Carex spp., Polytri- Polyt-  flexuosa
chum spp. richum
spp-,
Carex
spp-
Another Odonata (L+E)® ACyaAJun, ASub, ACya, ACya
ECya, LDub Alun,
PNym

Abbreviation: * Information about natural habitat is based mainly on
(Holusa 1995, 1997; Dolny 2009; Dolny et al. 2007) and supplemented
with new data of authors; ' = Somatochlora alpestris development
— P=present, A=absent; 2 = S. alpestris maximum recorded num-
ber of particular stadium in pool — L=larva, E=exuvia, [=imago;
3 = minimum distance to natural pool occupied by S. alpestris; * =
area of water surface; > Muddy bottom: P=present, A=absent; 6
Disturbance: P=visible disturbance of vegetation, reduced cover;
A =minimal or no disturbance of vegetation, high cover of vegeta-
tion; 7 Vegetation = dominant taxa of riparian and aquatic vegetation;
8Another Odonata: L=larva, E=exuvia, ACya=Aeshna cyanea,
Alun=Aeshna juncea, ASub=Aeshna subarctica, ECya=Enalagma
cyathigerum, LDub=Leucorhinida dubia, PNym=Pyrrhosoma
nymphula.

of Salp imagoes between sites within 1 km are common,
within 2 km rare and the longest known to date is 7 km
(Knaus and Wildermuth 2002). At the same time, the artifi-
cial biotopes are located in climatically identical places and
also have a similar hydrological regime due to the geomor-
phology (Table 1). The newly created habitats are on the
flat ridges of mountains and saddles, where there are natu-
rally moist, gentle terrain depressions with areas of peatland
vegetation, mainly covered with peat moss. The favourable
geomorphology and hydrological regime thus allows the
creation of permanent or at least longer-lasting aquatic habi-
tats after disturbance.

The second factor contributing to the successful persis-
tence of Salp populations is the mean of habitat creation and
subsequent development. Artificial habitats are represented

by pools in old forest roads, mostly created in rutted tracks
on roads that had been short and intensively used for a few
years after spruce logging and then were abandoned. The
movement of heavy equipment in the soft waterlogged sub-
strate led to the formation of depressions, several tens of
cm deep, that were flooded with water. Natural succession
has subsequently led to the creation of habitats that are very
close in character to natural peat-bogs with typically devel-
oped vegetation (Results, Fig. 2).

We hypothesize that other attempts to create artificial
habitats (Dolny et al. 2018; Fait et al. 2020) for support of
Salp populations have not been successful mainly due to
the following habitat characteristics: lower elevation (com-
pared to the species’ optimum), lack of a source population
nearby (see Dolny et al. 2018), larger water surface area,
greater depth and limited vegetation development (see Fait
et al. 2020).

Conservation summary

In conclusion, the observed development of Salp in artificial
habitats can be seen as a surprising opportunity for the con-
servation of this species, especially in case of disappearance
of some of the existing sites. Artificial habitats for dragon-
flies in the mountains may be important as changes in the
water regime (e.g. drying) occur due to warming. At least,
these habitats may act as stepping stones as suggested by a
recent study from the Alps (Fait et al. 2020).

Nevertheless, a significant factor affecting dragonfly sur-
vival in artificial small-scale habitats is the appropriate level
and frequency of disturbance. On the one hand, succes-
sion threatens to overgrow pools with taller vegetation and
woody plants, shading and subsequent grounding of habi-
tats. But on the other hand, due to the small area, it is easy to
destroy these habitats by a medium-strong disturbance (cf.
Harabi$§ and Dolny 2015).

Based on the presented results and knowledge of the spe-
cies’ bionomy, we propose to: (i) create new habitats within
a maximum of a few km (optimally 1-2 km) from existing
occupied areas and in places with similar geomorphology -
i.e. flat saddles with wetland tyrphophilous vegetation; (ii)
create more pools (each of several m?) in the locality; (iii)
maintain an appropriate level of disturbance, e.g., reduce
the use of heavy machinery for the part of an area, with the
reciprocal change within a few years (preferably outside
the growing season), mechanically expose part of the pool
banks (e.g. with a spade), remove the part of the muddy
layer (all the found larvae return back to the pool), (iv) keep
the immediate surroundings of the pools open (removing
woody plants); (v) as this is the first report on the support
of the Salp population by the creation of new habitats, the
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long-term development of the populations as well as its hab-
itats is worth-monitoring, for an effective application of this
management in the conservation of the species.
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