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Abstract

Aquatic insects have been studied in five Czech (Cerné, Certovo, Prasilské, Pleiné, and Laka) and three
German (Grosser Arbersee, Kleiner Arbersee, and Rachelsee) lakes and their inlets and outlets in the Bo-
hemian Forest. All available historical and present records, as well as many unpublished data were summa-
rised. Of nine insect orders, 70 families, 214 genera, and 373 species/taxa were found in total (Ephemero-
ptera 20, Odonata 22, Plecoptera 37, Heteroptera 35, Megaloptera and aquatic Neuroptera 3, Trichoptera 46,
Coleoptera 58, Chironomidae 113, other Diptera 39). All aquatic insect groups are discussed from the point
of view of species richness, influence of acidification, ecological requirements, distributional ranges of
species, and species protection. Altogether 215 species/taxa were found in the lakes, where Heteroptera,
Coleoptera, and Chironomidae were the most species-rich groups (135 taxa). The lowest number of taxa was
recorded in strongly acidified Certovo Lake and Rachelsee (55 and 56 taxa, respectively); the highest num-
ber of species/taxa was recorded in Laka, Plesné and Prasilské lakes (95, 91 and 89 taxa, respectively).
Altogether 237 taxa were found in inlets and outlets; Chironomidae, Trichoptera, and Plecoptera prevailed
(151 taxa). Based on the cluster analysis of recent species data, the lakes were classified into four groups
which primarily reflect characteristics of the lake littoral and water chemistry. Available data on Epheme-
roptera, Plecoptera, Trichoptera, and Heteroptera from the past two decades were analysed in order to re-
veal possible biological recovery from acid stress. A certain degree of recovery has been documented by
the increase in species richness of Ephemeroptera and Heteroptera. Yet the lakes have not been colonised
by any acid-sensitive species.

Key words: lake classification, littoral, stream, atmospheric acidification, biological recovery, biogeogra-
phy, species protection, Bavarian Forest, Sumava Mountains
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INTRODUCTION

Eight small glacial lakes are located along the historical border between Bohemia and Bava-
ria in the Bohemian Forest (Sumava in Czech, Bohmerwald in German). Aside from three
lakes on the German side (Rachelsee, Grosser Arbersee, and Kleiner Arbersee), five lakes at
the Czech side (Cerné, Certovo, Plesné, Prasilské, and Laka) are the only natural lakes in the
Czech Republic, thus they belong to most valuable aquatic habitats within the whole country.
With an exception of two isolated glacial lakes in the Karkonosze Mountains (Giant Mts.) in
Poland, the nearest mountain lake districts are situated in the Alps in Austria and Germany,
and in the Tatra Mountains in Slovakia and Poland.

All Bohemian Forest lakes are small, situated at altitudes between 918 and 1087 m a.s.1.,
and surrounded by Norway spruce forests (Table 1). Their origin and natural history have
been reviewed recently by VESeLY (1994), WEILNER (1997), and VrBa et al. (2000). Approxi-
mately since the 16" century, pronounced impacts of various human activities, such as local
ore prospecting, mining and smelting, glasswork, logging and clear cutting, cattle grazing,
water manipulation for timber transport or hydropower production, and fishing and fish in-
troduction in some lakes, have gradually increased (VESELY 1994, VrBA et al. 2000, 2003a).
Anthropogenic activities certainly have been reflected by more or less pronounced and os-
cillating long-term environmental changes that likely have been paralleled in changes of
biota. However, many of these changes and impacts remained hidden or invisible for centu-
ries, while occasional hydrobiological survey of the Bohemian Forest lakes started 140 years
ago (Fric 1872, 1874, for review, see VRBA et al. 2000, 2003a). After the World War 11, the
Bohemian Forest as well as the whole region of central Europe was exposed to heavy atmo-
spheric pollution that peaked in the mid-1980s, followed by a significant drop in both sulphur
(S) and nitrogen (N) depositions during the last two decades (KorACEK & VESELY 2005). Due
to severe acidification, the Bohemian Forest lakes became specific ecosystems, with bacte-
rioplankton and/or phytoplankton largely dominating their pelagic biomass, the complete
absence of fish, and significantly reduced or even extinct crustacean zooplankton (VRBA et
al. 2000, 2003a,b). While more or less pronounced reversal in lake water chemistry has been
documented in all the Bohemian Forest lakes since two decades ago, the first signs of biolo-
gical recovery in some lakes have been delayed by a decade or more (VRBaA et al. 2003a,
NEeDpBALOVA et al. 2006). Their biological recovery, however, has been so far documented
chiefly by changes in the plankton communities and long-term data on macrozoobenthos
have remained largely unpublished yet.

While some groups, such as algae, macrophytes, zooplankton, or fish, have been studied
in more detail (see the bibliography about the lakes by VrBa 2000), our knowledge on ben-
thic invertebrates is relatively poor, rather fragmentary, and not fully comparable among the
Bohemian Forest lakes; there are almost entirely missing data on benthos of all three Ger-
man lakes until a recent past (cf. EMEIS-ScHwARZz 1985, ScHOLL 1989, WEINZIERL 1999,
ScaHAUMBURG 2000). The first information on aquatic insects were published by FIEseR (1848),
Dupa (1884, 1886), KrEeici (1890, 1892), Fric & VAvra (1897), KraraLek (1890, 1894, 1903),
SAMAL (1920), and some other authors (for review, see RousaL 1957). They are mostly valid
and provide reliable data on original species diversity of lakes. Yet mainly four Czech lakes
(Cerné, Certovo, Prasilské, and Laka) were investigated. An extensive survey in the Rachel
Mt. area (THiem 1906) also covered aquatic insects; however, findings were located only by
altitudes, so that those concerning Rachelsee could not be distinguished. A next research of
aquatic insect of the lakes took place in the 1950s, when extensive data on Ephemeroptera,
Plecoptera, and Trichoptera were collected (KRELINOVA 1962, LANDA 1969, LANDA & SOLDAN
1989, Novak 1996). In the 1990s, all Czech lakes were explored but those data (P. Chvojka,
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M. Papacek, T. Soldan leg.) remained largely unpublished yet; only the most important re-
cords on selected species were published (PAPACEK & SOLDAN 1995). After 2000, two surveys
of benthic macroinvertebrates of all eight Bohemian Forest lakes were performed. Data of
the first survey by M. Jezberova (2002—2003) have never been published, while results of the
second survey were summarised in four diploma theses and one paper (SEnoo 2009, UNGER-
MaNova 2009, SvoBopova 2010, Texrova 2010, SvoBopova et al. 2012). Since a standardised
methodology has been used in either survey, the data are comparable and also cover the
fauna of lake outlets and inlets. Many additional data, both published (ProcHAzKOVA & BLAZ-
KA 1999, WemnzierL 1999, Horusa 1996, 2000, Scuaumburc 2000, BiTusik & Svitok 2006,
Chvorka et al. 2009, Brrusik 2006, 2011) and unpublished (P. Bitusik, J. Bojkova, P. Chvojka,
M. Papacek, T. Soldan, J. Sychra leg.), have been accumulated recently. Current distribution
of aquatic insects in the sub-littoral zone of three lakes was studied by BARAKovA (2012).
Therefore, the main aims of this study are: (i) to summarise all published and unpublished
data on the occurrence of species that have ever been found in the Bohemian Forest lakes,
their inlets and outlets; (ii) to evaluate relevance of biogeography and species ecological
requirements for the community structure, with a special focus to glacial relict fauna and
nature conservation; (iii) to describe long-term trends in distribution of aquatic insects in
particular lakes; and (iv) to compare species richness of the Bohemian Forest lakes with
other mountain lake districts in Europe.

STUDY AREA

We studied eight glacial lakes (Fig. 1, Table 1) in the Bohemian Forest (the Hercynian crys-
talline mountain massive, called Sumava in Czech and Bohmerwald in German; sometimes
also referred as the Sumava Mts. or the Bavarian Forest/Bayerischer Wald in regional Eng-
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Fig. 1. Map of the studied area showing the location of glacial lakes in the Bohemian Forest.
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lish literature). As the mountain range forms the principle European watershed between the
Danube River basin (Black Sea) and the Elbe River basin (North Sea), four lake catchments
belong to either basin. Kleiner Arbersee (drained by the Weisser Regen), Certovo Lake and
Grosser Arbersee (both drained by the Rezna/Grosser Regen), and Rachelsee (drained by
the Grosse Ohe) belong to the Danube River basin, whereas Cerné Lake (drained by the
Uhlava), Laka and Prasilské lakes (both drained by the Kiemelna), and Plesné Lake (drained
by the Vltava) belongs to the Elbe River basin. The latter, easternmost lake is rather isolated,
situated at a considerable distance from other lakes (Fig. 1).

Water chemistry, trophic and acidification status of the lakes

All studied lakes but one (Laka) are dimictic lakes. Their water chemistry and plankton has
been investigated with respect to acidification and recovery of the lake ecosystems during
the last decades (e.g., KorACEK et al. 2002, VrBa et al. 2003a). Still a century ago, all the
Bohemian Forest lakes were humic brown-water lakes (cf. Table 2 in VrRBa et al. 2000); most
lakes had more or less neutral pH in the middle of the last century (for review, see VRBA et
al. 2000). Available pH values of lake water from the last fifty years shows a marked decre-
ase; all dimictic lakes became chronically acidified (pH around 5 or lower, negative alkali-
nity) in the mid-1980s, while the shallow Laka Lake used to be acidified only temporarily
(Fig. 2). Due to acidification, most of the Bohemian Forest lakes became more transparent
(VrBa et al. 2000) and had elevated concentrations (as high as >1 mg.1™") of total reactive
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Fig. 2. Long-term data on lake water pH in Czech (top, 1961-2011) and German (bottom, 1984-2011) lakes
(according to KopAcCexk et al. 2002, KoPACEK, unpubl. data).
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Table 2. Selected surface water characteristics of the Bohemian Forest lakes in September 2007 (KoPACEK
& VRrBa, original data). Z, — transparency, ANC — acid neutralising capacity, Si — reactive silica, TP — total
phosphorus, TON — total organic nitrogen, DOC — dissolved organic carbon, Al, — total reactive aluminium,
Al —ionic aluminium, Alp — particulate aluminium, Chla — chlorophyll @ (see Table 1 for lake codes).

Parameter / Lake CN CT PL PR LA GA KA RA
Z (m) 9.1 4.0 0.9 3.7 2.6 3.0 3.5 3.1

pH 4.79 4.59 4.95 4.96 5.29 5.94 5.57 5.22
ANC (mmol.I'") -17 =31 —11 -10 3 18 10 -5

Si (mg.1™") 1.79 1.52 2.96 1.55 2.07 2.28 1.76 1.89
TP (pg.I™) 2.9 2.6 14.9 5.8 7.2 4.7 5.7 7

NH,-N (ug.I'") 53 66 21 22 30 8 15 11

NO,-N (ug.I'") 816 437 790 199 690 227 207 346
TON (pg.I'h) 186 254 686 331 358 320 282 355
DOC (mg.1'") 1.5 3.5 3.7 5.5 5.9 3.5 42 32
SO (mg.l™) 3.14 3.29 2.88 1.70 1.67 2.45 2.68 2.53
Na' (mg.I™") 0.74 0.60 0.93 0.64 0.92 0.78 0.79 0.53
K* (mg.I'") 0.42 0.24 0.62 0.23 0.52 0.18 0.17 0.32
Ca* (mg.I'") 0.86 0.32 0.93 0.49 0.82 0.84 0.91 0.65
Mg?* (mg.1™) 0.41 0.28 0.23 0.31 0.43 0.30 0.32 0.35
Al (pglh) 234 309 487 167 188 147 157 264
Al (pgl™) 182 217 168 44 50 7 17 39

Al (pg!™h 30 20 215 12 19 48 38 145
Chla (pg.I'h) 2.52 3.0 23.5 3.79 2.59 2.53 5.81 6.65

aluminium (Al) with a major proportion of ionic Al, whereas Prasilské Lake had a half Al
concentration with the highest proportion of organically-bound Al, which likely allowed for
survival of crustacean zooplankton in this lake (VrBa et al. 2003a). Perhaps similar Al con-
tents then occurred in Grosser Arbersee, Kleiner Arbersee, and Laka Lake.

Since the early 1990s, the lake water chemistry has followed — with a characteristic hys-
teresis — the sharp decline in the regional deposition trends of S and N (KorAcEk et al. 2002).
Any plankton recovery, however, has been delayed by one to two decades in the lakes (VRBA
et al. 2003a). One mesotrophic (Pleiné) and three oligotrophic (Cerné, Certovo, and Rachel-
see) lakes are still chronically acidified, while four other oligotrophic lakes (Prasilské, Klei-
ner Arbersee, Grosser Arbersee, and Laka) have recovered their carbonate buffering system
(NepBALOVA et al. 2006). The recent lake survey (Table 2) has confirmed a relatively stable
chemistry in the epilimnion during the last decade (cf. Table 3 in VrBa et al. 2000 and Table
2 in NEDBALOVA et al. 2006), but an increasing trend in dissolved organic carbon (DOC) is
obvious in most of the lakes (Table 2 in this study). Sulphate (SO,*) concentrations have
continued in a general decreasing trend in all the lakes, whereas both nitrate (NO,") and Al
concentrations may have fluctuated in response to a changing forest status in the particular
catchments (see forest disturbances below). While the largest oligotrophic Cerné Lake has
more clear water (the highest Secchi depth, Z,), the mesotrophic PleSné Lake is remarkably
less transparent compared to all other lakes due to much higher phytoplankton biomass (cf.
chlorophyll a concentrations in Table 2).

Our research of macroinvertebrates was focused to the littoral zone of the lakes, as well
as their inlets and outlets. Thus, our description of the lakes mainly applies to characteristics
of their littoral zones restricted to the depth of approximately one meter (Table 3).
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Littoral habitats

The outlets of all eight Bohemian Forest lakes were dammed in the past to control their wa-
ter level for transporting timber; moreover, bottom sediments used to be removed at least
from Kleiner Arbersee and Laka Lake a century ago (for review, see VESELY 1994, VRBA et
al. 2000). During the last century, however, all the lakes have got a nature reserve status or
became parts of the national parks.

Cerné and Certovo lakes are the largest by both area and volume (Table 1); therefore the
share of their littoral is very low (5% and 6%, respectively). Both lakes possess very similar
littoral characteristics. Contrary to all other lakes, only negligible part of their littoral is
overgrown by aquatic plants, emerged vegetation is nearly missing (Table 3). While mosses
are completely missing in Certovo Lake, only two moss species (Marsupella emarginata var.
aquatica Lindenb. and Scapania undulata (L.)) can be sparsely found in Cerné Lake. The
littoral bottom of Cerné Lake consists predominantly of boulders, gravel, and large amount
of organic debris (Fig. 3). The littoral of Certovo Lake consists predominantly of sand and
gravel, with considerably lower share of organic debris (Fig. 4, Table 3). A small hydroelect-
ric power plant operates on the outlet of Cerné Lake causing certain water table fluctuations
within <50 c¢cm depth in the littoral (usually in spring or autumn, when a water reserve is
available).

Plesné Lake, Rachelsee, and Prasilské Lake are approximately of the same size, depth, and
altitude (Table 1). Their littoral bottom consists predominantly of gravel and sand, and a
high share of boulders in Prasilské Lake (Fig. 5-7). All lakes exhibit a belt of littoral vege-
tation of sedges and rushes with the dominance of Carex rostrata Stokes (Table 3). While
these belts are situated mostly near inlets” mouths in Prasilské and Plesné lakes, the uninter-
rupted belt in Rachelsee is surrounding almost the whole lake. In Plesné Lake, the belt of
littoral emerged vegetation consists predominantly of bryophytes Scapania undulata, Mar-
supella emarginata var. aquatica, and Warnstorfia pseudostraminea (Miill. Hal.). A relict
population of Isoétes echinospora Durieu, a submerged aquatic quillwort, forms dense lit-
toral vegetation in a shallow tributary area. In Prasilské Lake, the bryophyte cover is restric-
ted to the only part of lake littoral and consists of dominating Sphagnum fallax (H. Klinggr.)
and Sphagnum riparium Angstrom. The littoral zone in Pragilské Lake is considerably smal-
ler (only 6% of the total lake area) than in Plesné Lake and Rachelsee (12 and 14%, respecti-
vely).

Grosser Arbersee and Kleiner Arbersee are situated at the lowest altitude, thus they have
the largest catchments area (at least twice than that of the other lakes) and very short water
retention time (Table 1). They are surrounded by mixed forest with a high share of beech and
fir, in contrast to all other lakes that are situated mostly in Norway spruce forests. Great
proportions of their water tables are occupied by floating islands of vegetation and/or floa-
ting raised moss peninsulas (for details, see WEILNER 1997). Generally, bryophytes domina-
te littoral vegetation in these two lakes (Fig. 8—9). There are many peat moss species, most-
ly Sphagnum fallax, accompanied by S. riparium, S. flexuosum Dozy et Molk., S. cuspidatum
Ehrh., S. papillosum Lindb., S. magellanicum Brid., and S. balticum (Russow), which are
predominantly in raised parts of the littoral; therefore, littoral substrate is highly dominated
by organic matter (Table 3). Both lakes are frequently visited by tourists; there is even a
hotel at either lake. Grosser Arbersee consists of two basins (formed by a glacier, WEILNER
1997) that are artificially separated by floating logs across the lake; an eastern part is com-
mercially exploited (by boating), whereas a western part is strictly protected. Our attention
has been paid to the latter part including inlets. The occurrence of yellow water-lily (Nuphar
lutea (L.)) indicates slightly different conditions of Grosser Arbersee compared to other la-
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Fig. 3. Cerné Lake (May/September 2010, J. Bojkova phot.) — a general view from the outlet (top); eastern
shore with stony-gravel littoral and organic debris, without vegetation (middle); western shore with the lit-
toral covered by organic debris and occasional occurrence of aquatic mosses (bottom).
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Fig. 4. Certovo Lake (May 2010, J. Bojkové phot.) — a general view from the outlet (top); north-eastern shore
with sandy and gravel littoral, almost without vegetation (occasionally with Juncus and mosses, bottom).
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Fig. 5. Prasilské Lake (May 2010, J. Bojkova phot.) — a general view from the main inlet (top); south-
-western shore with the shallow, sandy-gravel littoral with Carex rostrata and occasional Sphagnum spp.
(middle — habitat of diving beetle Nebrioporus assimilis); south-eastern shore with the steep stony littoral,
occasionally with Carex rostrata (bottom).
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ran e D i il T
Fig. 6. Plesn¢ Lake (May 2010, J. Bojkova phot.) — a general view from the outlet (top); south-western shore
with wide belt of Carex rostrata and mosses (middle); north-eastern shore with boulders and the stony-gravel
littoral partially overgrown by Carex rostrata (bottom).
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Fig. 7. Rachelsee (May 2010, J. Bojkova pht3 —a general V-iew from the outlet (top); north-eastern shore
with large belt of Carex rostrata (along the shore of almost the entire lake, middle); southern shore near
outlet, the only part of the lake with gravel and sandy littoral (bottom).
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Fig. 8. Grosser Arbersee (September 2010, J. Bojkova phot.) — a general view from the outlet, in front,
the eastern commercially exploited part, the majority of lake with the coarse, stony-gravel littoral without
vegetation (top); western, strictly protected lake part with large belts of Carex rostrata and Sphagnum spp.,
and almost completely organic substrate (middle); some areas of the western part are vegetated by yellow
water-lily (Nuphar lutea, bottom).
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Fig. 9. Kleiner Arbersee (May/September 2010, J. Bojkova phot.) — a general view from the outlet (top);
south (middle) and north-western (bottom) shores of the lake. Almost the whole littoral shows a torfaceous
character, there are large peat moss (floating) islands and belts; the rest of littoral is overgrown by Catex
rostrata; bottom substrate is completely organic. Note mixed forests in the background.
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kes. Littoral vegetation profiles were mapped in all three German lakes by S. Husak (WEi-
LNER 1997).

Laka Lake is the smallest Bohemian Forest lake and differs from the others in many re-
spects. It is a shallow polymictic lake, situated in a relatively large Norway spruce catchment
at high altitude (Fig. 10). Its theoretical retention time is only two weeks (Table 1). Similarly
to both Grosser Arbersee and Kleiner Arbersee, its littoral is dominated by organic matter,
because the littoral zone is composed of sedges (Carex rostrata in particular), rushes, and
bryophytes (Table 3). Floating islands made of peat mosses are moving actively each year,
sometimes even dividing the lake into several parts. Submerged bryophytes are dominated
by Sphagnum cuspidatum and S. riparium, accompanied by S. auriculatum Schimp. and
Warnstorfia fluitans (Hedw.).

Lake inlets and outlets represent hypocrenal and epirhitral habitats (Fig. 11).

Recent forest changes in catchments and surroundings of the lakes

The Bohemian Forest is dominated by subalpine Norway spruce forests at high altitudes
(>1050 m a.s.l.), either old-growth or managed ones. Due to historical reasons, planted Nor-
way spruce monocultures replaced original mixed forests of lower altitudes and many spru-
ce forests on the Czech side have been of similar age (over 120 years). Therefore, recent
Norway spruce forests in the region have become extremely sensitive to wind gales and bark
beetle outbreaks.

A severe windbreak hit spruce forests along the main tributary of Prasilské Lake in 1984.
After that, a part of the lake catchment was clear cut with consequent reforestation of Nor-
way spruce. This episode of missing forest vegetation indeed temporarily prevented (in this
lake) a regional decrease in NO," concentrations (VESELY et al. 1998a). As Prasilske Lake
became a core zone of the Sumava National Park in 1991, later disturbances in the lake
catchment and its surroundings led to further natural forest breakdown and remarkable
changes (opening) of the landscape. A bark beetle outbreak in the Bavarian Forest National
Park caused a similar subalpine spruce forest die-off in the entire Rachelsee catchment in
the late 1990s. Since 2004, the pest has caused Norway spruce die-off around Plesné Lake,
where European beech and white fir, as well as natural recovery of Norway spruce are abun-
dant. Another winter gale, the hurricane Kyrill in 2007, caused large-scale disturbances and
further bark beetle outbreak in non-intervention zones of the Sumava National Park, inclu-
ding the drainage area of Laka Lake, where, more recently, dead spruce forests have been
naturally invaded by rowan ash and Norway spruce.

The catchments of four western lakes remain relatively undisturbed so far. While the cor-
ries of Cerné and Certovo lakes were rather deforested for a few centuries (VESELY 1994),
they were reforested by Norway spruce forests during the 19" century. On the other hand,
the surroundings of both German lakes, Grosser Arbersee and Kleiner Arbesee, are covered,
at lower altitudes, with well developed, more natural mixed forests.

MATERIAL AND METHODS

Sampling methods

Sampling techniques have been based mostly on standard hydrobiological and entomological
methods. Imagines and larvae were collected in all seasons except the ice-cover period. The
littoral was sampled to the depth of approximately 1 m in all lakes. Two or three permanent
inlets of each lake were investigated. Astatic habitats (periodical pools) in proximity of the
lakes were sampled only occasionally.
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Fig. 10. Laka Lake (June/September 2010, J. Bojkova phot.) — a general view from the outlet (top); north-
-western shore with large belts and (floating) islands of Sphagnum spp. and Carex rostrata, bottom almost
completely covered with organic substrate (middle); north-eastern shore with the littoral densely overgrown
with Carex rostrata and predominantly organic substrate (bottom).
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Larval assemblages were sampled by semiquantitative kicking sampling method (Frosr et
al. 1971) using a hand net (0.5-mm mesh size). Sampling was time-limited to 3-minute sam-
pling by JEzZBEROVA (in 2002—2003, unpubl.), SENoo (2009), and UNGERMANOVA (2009), or 5-
-minute sampling by Sycura (in 2010, unpubl.).

Special methods have been applied for sampling of Heteroptera and Chironomidae. Hete-
roptera were sampled by time-limited sampling using kitchen strainer and floating water
light traps in 2007-2011 (M. Papacek leg.). Occasionally, some individuals living in open
water were collected by vertical hauls of plankton net from a boat (J. Kubecka and J. Vrba

¥

Fig. 11. Lake inlets and outlets (May 2010, J. Bojkové phot.) — a cascading inlet of Certovo Lake, with steep
slope and predominantly stony substrate (top left); a cascading inlet of Cerné Lake, overgrown by moss car-
pet (top right); a wide mouth of one tributary to Laka Lake, with gravel substrate, enabling lotic species to
colonise the lake littoral (middle left); a branched mouth of the main tributary to Prasilské Lake with a great
deal of organic debris (middle right); a man-made part of the outlet of Laka Lake, rich in organic debris,
with partly sandy bottom (bottom left); rough-stony and high-slope bottom (rich on mosses) of the outlet of
Kleiner Arbersee (bottom right).

.
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leg.). Chironomidae (pupal exuviae, pupae, and imagines associated with exuviae) were
collected along the shores of lakes and streams by skimming the water surface with a 200-
-um mesh hand net attached to an extension pole (Bitusik & Svitok 2006, Birusik 2011; J.
Kopacek leg.). In the streams, the floating material was collected in accumulation areas and
behind obstacles along a distance of approximately 100 m from the lakes (Bitusik & SviTok
2006, Brrusik 2011; J. Kopacek leg.). PRocuAzKovA & BrLazka (1999) sampled larvae in Cer-
né Lake using Friedinger benthic sampler in 1961.

Other material was sampled qualitatively by a metal strainer of 30 cm in diameter and
0.5-mm mesh size (especially Ephemeroptera, Plecoptera, and Trichoptera) and a standard
kitchen strainer with 1.0-mm mesh size (Heteroptera and Coleoptera). This sampling was
not time limited and lasted as long as new taxa appeared.

Imagines of Ephemeroptera, Plecoptera, and Trichoptera were collected by sweeping of
vegetation along lake shores and inlets/outlets. Imagines of Odonata were collected indivi-
dually by a hand net. ScuoLL (1989) collected imagines of Chironomidae by sweeping with
a net and by light traps and reared larvae in the laboratory to obtain imagines for the more
accurate identification.

More details on the sampling methods are available in the literature cited in species
tables.

Material and its deposition

The vast majority of historical data (1884—1949) was not possible to verify or re-determine
since historical material had not been preserved or we have had no possibility to trace it at
present. The only exceptions were Trichoptera collected by F. Klapalek in the turn of the 19
and 20" century and Ephemeroptera and Plecoptera collected by V. Landa and E. Kielinova
in the 1950s and 1960s. Recently published as well as unpublished material was mostly de-
termined or revised by authors. The name of determinator is emphasised only provided that
it is not identical with the author(s). Details on data used are summarised below.

Unpublished material is deposited in several collections denoted by the following acromyms: DBZ-MU-
NI = Department of Botany and Zoology, Masaryk University, Brno, Czech Republic; ENT-BC = Institute
of Entomology, Biology Centre ASCR, Ceské Budgjovice, Czech Republic; ENT-NM = Department of
Entomology, National Museum, Prague, Czech Republic; FE-USB = Faculty of Education, University of
South Bohemia, Ceské Budgjovice, Czech Republic; FS-MBU = Faculty of Science, Matthias Belius Uni-
versity, Banska Bystrica, Slovakia; IES-CUNI = Institute for Environmental Studies, Charles University,
Prague, Czech Republic; IHB-BC = Institute of Hydrobiology, Biology Centre, ASCR, Ceské Budgjovice,
Czech Republic.

Ephemeroptera — imagines: Cuvoirka (in 2007, unpubl.; det. T. Soldan); imagines and larvae: Lanpa &
SoLDAN (1989), SoLpAN et al. (1998, 1999; det. T. Soldan); larvae: Fri¢ & VAvra (1897; not revised), SCHOLL
(1989; not revised), JEzBEROVA (in 2002, unpubl.; not revised), SoLDAN (in 1985, 1986, 1989, 1990, 1999,
2002, 2006, 2009, 2010, all unpubl.; Baetidae det. P. Sroka, Heptageniidae det. R.J. Godunko), UNGERMA-
NovA (2009; rev. T. Soldan), SEnoo (2009; not revised), SvoBopova (2010; rev. T. Soldan). Unpublished
material is deposited in ENT-BC (Soldan and Chvojka leg.) and IES-CUNI (Jezberova leg.).

Odonata — imagines: Kres¢i (1892; not revised), PEruTik (1957; not revised), SOLDAN (in 1987, unpubl.;
det. J. Zeleny), Cuvoika (in 1991, 2007, unpubl., det. J. Hajek); imagines and exuvia: Horusa (1996, 2000;
not revised); larvae: FriC & VAVRA (1897; not revised), JEzZBEROVA (in 2002, unpubl.; det. J. Zeleny), SycHrA
et al. (2008; rev. M. Straka), UNGERMANOVA (2009; not revised), SENoo (2009; not revised), SoLDAN (in 2010,
unpubl.; det. J. Zeleny). Unpublished material is deposited in DBZ-MUNI (Sychra and Soldan leg.), ENT-
-NM (Chvojka leg.), and IES-CUNI (Jezberova leg.).

Plecoptera — imagines: KLAPALEK (1903; not revised), Cuvoika (in 1991, 2007, unpubl.; det. J. Bojkova),
Boikova (in 2008, 2009, 2010, unpubl.); larvae: Fri¢ & VAvra (1897; not revised), ScHAUMBURG (2000; not
revised), JEzZBEROVA (in 2002, unpubl.; not revised), SOLDAN (in 1985, 1986, 1989, 1990, 1995, all unpubl.; not
revised; 2002, unpubl.; det. J. Bojkova), UNGERMANOVA (2009; rev. J. Bojkova), SvoBopova (2010; rev. J.
Bojkova); imagines and larvae: KRELINOVA (1962; rev. J. Bojkova, except four species collected in Prasilské
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Lake, whose material were not preserved: Nemoura marginata, Protonemura hrabei, P. montana, Leuctra
autumnalis). Historical material of Plecoptera (Klapalek’s collection, Kielinova’s collection) is deposited
in ENT-NM; recent unpublished material is deposited in Bojkova’s collection in DBZ-MUNI, and in IES-
-CUNI (Jezberova leg.).

Heteroptera — imagines: FIEBER (1848; not revised), Dupa (1884, 1886; not revised), Fri¢ & VAvra (1897;
not revised), RousaL (1957; reviewed all older data), ScHOLL (1989; not revised), PAPACEK & SoLDAN (1995),
ParACEK (in 1992, 1996, 1998-2002, 2007-2011, all unpubl.), KMENT & PaPACEK (1999, partly unpubl.; det.
P. Kment), JEzBEROVA (in 2002, unpubl.; det. M. Papacek), KMENT & SMEKAL (2002; det. P. Kment), SycHRA
etal. (2008; det. J. Sychra), Sycura (in 2010, unpubl.), UNGERMANOVA (2009; rev. M. Papacek), SEnoo (2009;
rev. M. Papacek), Texrova (2010; rev. M. Papacek). Nymphs: PArACEK (in 2007-2011, unpubl.). Unpublished
material is deposited in FE-USB (Papacek leg.), DBZ-MUNI (Sychra leg.), and IES-CUNI (Jezberova
leg.).

Megaloptera — imagines: KLaPALEK (1903; not revised), CHvorka (in 1991, unpubl.; rev. I. Spacek); lar-
vae: Fri¢ & VAvra (1897; not revised), ScHoLL (1989; not revised), JEzBEROVA (in 2002, unpubl.; rev. T.
Soldan), UNGERMANOVA (2009; not revised), SENoo (2009; not revised), SOLDAN (in 2010, unpubl.; det. T.
Soldan). Unpublished material is deposited in ENT-BC.

Trichoptera — imagines: KrapALek (1890, 1894, 1903; rev. P. Chvojka; coll. Klapalek unpubl., rev. P.
Chvojka), SAMAL (1920; not revised), Novik (1996; leg. V. Landa 1946, leg. K. Novak 1956; not revised),
Cruvoika (in 1991, 1994, 1999, 2007, all unpubl.), WemzierL (1999; not revised), Cuvoika et al. (2009; rev.
P. Chvojka), Boskova (in 2010, unpubl.; det. P. Chvojka); larvae: Fri¢c & VAvra (1897; not revised), SCHOLL
(1989; not revised), Cuvoika (in 1991, 1994, unpubl.), ScHAUMBURG (2000; not revised), JEZBEROVA (in 2002,
2003 unpubl.; rev. P. Chvojka), SycHra et al. (2008; det. P. Komzak), UNGERMANOVA (2009; rev. P. Chvojka),
SENooO (2009; rev. P. Chvojka), SvoBobova (2010; rev. P. Chvojka). Unpublished material is deposited in
ENT-NM (Chvojka and Bojkova leg.) and IES-CUNI (Jezberova leg.).

Coleoptera — imagines: Fric (1872; not revised), Fric & Vavra (1897; not revised), DoLEZAL (in 1974,
unpubl., det. J. Hajek), HERVERT (in 1977, unpubl.; det. J. Hajek), JELINEK (in 1991, unpubl.; det. J. Hajek),
NykLova (in 2002, unpubl., det. J. Sychra), Ganai (in 2004, unpubl.; det. J. Hajek), PArPACEK (in 2007, 2009—
2011, unpubl.; det. J. Sychra), Sycura et al. (2008; det. J. Sychra), SoLpAN (in 2002, 2008, unpubl.; det. J.
Sychra; in 2009, unpubl.; det. M. Straka); imagines and larvae: JEzBEROVA (in 2002, unpubl.; det. J. Sychra),
PaPACEK (in 2007, 2011, unpubl.; det. J. Sychra), UNGERMANOVA (2009; rev. J. Hajek and M. Fikacek), SEnoo
(2009; rev. J. Hajek and M. Fikacéek), SvoBobova (2010; rev. M. Straka), SycHra (in 2010, unpubl.). Material
of Scirtidae (Sychra leg.) was determined by D.S. Boukal and material of Donaciinae (Sychra leg.) was
revised by V. Ktivan. Unpublished material is deposited in DBZ-MUNI (Sychra, Papacek, Jezberova and
Soldan leg.).

Diptera — Chironomidae — imagines: EmMEIS-ScHwAaRrz (1985; not revised); pupal exuviae: EMEIS-ScCHWARZ
(1985; not revised), Bitusik & Svitok (2006; det. P. Bitusik), Bitusik (2006, 2011; in 2010, unpubl.); larvae:
Fric & Vavra (1897; not revised), ScHOLL (1989; not revised), PRocHAZKOVA & Brazka (1999; not revised),
MATENA (in 1999, unpubl.; not revised), SvoBopova (2010; det. J. Svobodova and J. Maténa). Unpublished
material is deposited in FS-MBU (Bitusik leg.) and HBI-BC (Maténa leg.).

Other Diptera families — larvae: JEzBEROVA (in 2002, unpubl.; not revised), SExoo (2009; rev. P. Pafil),
UNGERMANOVA (2009; not revised), SvoBopova (2010; rev. P. Patil), SoLpAN (in 2010, unpubl.; det. V. Kfou-
palova and I. Gelbi¢). Unpublished material is deposited in DBZ-MUNI, ENT-BC (Soldan leg.), and IES-
-CUNI (Jezberova leg.).

Faunistics and biogeography

Although our research was not focused to entomofaunistics of the Czech Republic, we feel
that the data presented as “unpublished” results are definitely not negligible from this point
of view. There are at least tens of new records or “new quadrate records” in almost all insect
orders studied. We did not emphasise these results since enumerating of all records una-
bridged would make this contribution extremely voluminous. Perhaps an exception can be
found in the Odonata chapter, because mapping of dragonflies is very advanced in the Czech
Republic and some lakes represented evidently empty quadrates in respective grid maps.

If used, the code number refers to the map quadrates of the central European grid for
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mapping flora and fauna (EHRENDORFER & HAaMANN 1965), adapted by Novik (1989) and
PRUNER & Mika (1996). To associate unpublished findings with the quadrates, the codes of
Bohemian Forest glacial lakes (used for the German lakes in the same way) are as follows:
6845 — Cerné Lake and Certovo Lake, 6846 — Laka Lake, 7249 — Ple$né Lake, 6946 — Pra-
Silské Lake, 7046 — Rachelsee, 6844 — Grosser Arbersee and Kleiner Arbersee.

Evaluating distribution of all species collected in the Bohemian Forest lakes (including
inlets and outlets), we largely followed basic biogeographic categories and nomenclature
(BucHar 1983). The following classification has been used for “general distribution™:

(1) Species with large area (LA) comprise species distributed in two or more biogeogra-
phic realms (e.g., Holarctic or Palaearctic species occur in the Oriental, Neotropic, Afrotro-
pic, and/or Australian region). Origin of this type of distribution is not distinguished. The
species is classified in this category regardless it was artificially introduced or its distributi-
on resulted from, e.g., long distance passive or active migration.

(i1) Species of the Holarctic distribution (HO) comprise species distributed in both Palae-
arctic and Nearctic regions. Special subcategory of the Holarctic distribution is circumpolar
or circumboreal distributional pattern exhibited by species inhabiting the tundra biome in
North America and north Eurasia.

(ii1) Species of the Palaearctic distribution (PA) comprise species inhabiting Eurasia, Nor-
th Africa, Middle East, and a part of Arabian Peninsula. The border of Palaearctis is delimi-
ted by southern slopes of the Himalayas; however, the border between Palaearctis and the
Oriental (Indomalayan) region in the transitory area in China is weakly defined. The Palae-
arctic region is basically divided into West- and East-Palaearctic subregions. The latter is
beyond our interest. The former (WP) covers Europe, including Iceland, Macaronesia (the
Azores, Madeira, and Canary Islands), North Africa (Maghreb, north of the Sahara, inclu-
ding the Hoggar (Ahaggar) Mts. and the Tassili Plateau) and the Mediterranean Islands (in-
cluding Cyprus), and the Caucasus. To the east and north approximately along the Russi-
an—Kazakhstan border and western slopes of the Ural Mountain range to the Kara Sea and
Novaya Zemlya. We suggest using the term “Eurosiberian” distribution with caution, becau-
se it can include species distributed in Europe and westernmost Siberia as well as the speci-
es distributed throughout the whole Palaearctic region. To describe the latter distributional
type, we prefer the category of “transpalaearctic” distribution (ZHiLTzova 1997), which com-
prises species with a distribution near to the area from the British Islands eastward to Japan
or Russian Far East. Similarly, the often used term “European” distribution is misleading,
since Europe is only a part of the Westpalaearctic subregion; in other words, the term is only
of a geographic sense but definitely not possessing any biogeographic meaning.

Since the Bohemian Forest lakes are situated very close to a geographic centre of Europe,
we cannot avoid detailed classification of species from the point of view of the Westpalaear-
ctic subregion. In this case, we are forced to use rather geographic classification since details
on the origin and faunistic centres are not exactly known in most species. The origin of
species has been described mainly in Ephemeroptera (JacoB 1972, 1979, 1993, HayBACH
1998, 2003, 2006) and Odonata (Askew 1988, MERRITT et al. 1996, WILDERMUTH et al. 2005,
DornY et al. 2007), but our information on other groups is mostly based on individual area
(state) records on the species in question.

To simplify the evaluation of distribution of “European” species, the Westpalaearctic sub-
region is classified as follows:

(1) The West European area is spread from the Iberian Peninsula and the British Islands,
through France, Benelux to western Germany (Bavaria) (the Bohemian Forest lakes lie just
in the transitory area). It summarises species of the Atlantic and Atlanto-Mediterranean
(West Mediterranean) origin.
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(i1) The South-Central European area comprises the Mediterranean area and a part of
central Europe. The species are distributed in the both European parts. Its northern limits
are situated in the Thuringian Forest, some Sudetes (e.g., the KrkonoSe/Karkonosze (Giant)
Mts. and the Jeseniky Mts.), and the Carpathians (e.g., the Beskydy Mts., the Tatra Mts.,
Bieszczady Mts., and the East Carpathians). The limits of areas approximately follow the
maximal (southernmost) border of the last (Wiirm/Wisla) glaciation. Such species are often
called “submediterranean”. However, this term is sometimes used to describe species living
southwards the above borders but not distributed in the Mediterranean itself, or for any spe-
cies living in the southern half of Europe. To avoid any confusion, we strictly reserved this
term to South-Central European species as defined above.

(ii1) The North-Central European area consists of Fennoscandia, Baltics, Kola Peninsula,
and north European Russia including Novaya Zemlya and the Polar Ural Mts. Its southern
limits approximately follow the northern border of South-Central European area.

(iv) The Central European area consists of some parts of the Alps in Austria, Bavaria, and
Switzerland, central European Hercynian mountains, the Western Carpathians, and Hunga-
rian (Pannonian) Plain.

(v) The East European area is spread from the East Carpathians, through the Dnieper
River and Volga River basins, to the Ural Mountains. The southern limit is the Caucasus and
Crimean Peninsula.

Some areas are certainly overlapping. For instance, South-Central and Central European
species can overlap in relation to size of their area or West and Central European due to
distribution in the Alps, which are included in both areas. Similarly, the Eastern Carpathians
are included in both Central and East European areas. Moreover, some species are difficult
to strictly classify within these areas, because of their area extension and disjunction. For
example, North-Central European species can exhibit conjunctive area or disjunctive area,
the most often type of which is boreo-montane or arcto-alpine disjunction.

As indicated above, our knowledge on distribution of individual species is sometimes very
fragmentary. We failed to classify other Diptera than Chironomidae, because there are no
reliable or summarising literature sources. Evaluation of distribution of individual insect
orders is based on the literature sources as follows: Odonata — ZELENY (1972, 1992), AsKEw
(1988, 2004), DoLny et al. (2007); Ephemeroptera — JacoB (1972, 1979, 1993), HayBAcH
(1998, 2003, 2006), Burracni et al. 2009, BAUERNFEIND & SOLDAN (2012); Plecoptera — ZHILT-
zovA (1997, 2003), GraF et al. (2009), TesLeENko & ZHILTZovA (2009); Heteroptera — JosiFov
(1986), Jansson (1986, 1995), Savack (1989), PoLuEmMus (1995a,b,¢), AUKEMA & RIEGER (1995),
Kanyukova (2006), GrRanpova & ProkIN (2012), Jeziorski et al. (2012), KLEMENTOVA (2012);
Trichoptera — GrAF et al. (2008), Ivanov (2011); Megaloptera — HoLzER et al. (2002), ELLioT
(2009); Coleoptera — Hansen (1987), HoLmeN (1987), AnGus (1992), NiLssoN & HOLMEN
(1995), vaN VonDEL & DETTNER (1997), HEBAUER & KLAUSNITZER (2000), BoukaL et al. (2007),
NiLssoN (2011), SHort & FikAcCek (2011); Chironomidae — S£ATHER & Spies (2007); and THE
CHIRONOMID HOME PAGE.

The classification of several insects’ groups to European subareas was partially based on
literature sources ranging the species to European bioregions according to ILLIES (1978).

Protection status of species

Treating insect species of the Bohemian Forest lakes from the point of view of species con-
servation, we have adopted largely accepted species status according to the IUCN Red List
of Threatened Animals suggested by BAILLIE & GROOMBRIDGE (1996) and BaiLLiE et al. (1995,
2004), which in many respects meet requirements for ranking any species within the exi-
sting categories (cf. PRimack 2002, Skoreik 2005). Nevertheless, a strict application of all
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evaluation criteria is impossible due to enormous species diversity of insects, sometimes
extremely high abundance and wide ecological range, on the one hand, as well as deficiency
of data, on the other hand (see also detailed discussion by PLEsNik 1995a,b, PLESNiK & CEPA-
KovAa 2005). As the classification of protection status may differ at the national scale, the
following simplified categories have been applied.

Evaluated species, i.e. those at which any protection is considered necessary, consist of
five groups as follows: regionally extinct (RE) — species not recorded for the past 30 years;
critically endangered (CR) — species showing well documented trend to become extinct or
solitary, often living at a single locality and showing extremely low population density; en-
dangered (EN) — species showing a long-term decline in its occurrence, or living in the “area
pejus” within the Czech Republic, though still abundant in the “area optimum”; vulnerable
(VU) — species generally meeting the requirements of the EN category but to an evidently
lesser extent; and near threatened (NT) — sparsely distributed species of a narrow ecological
range, usually subdominant or recessive.

Contrary to FARkAC et al. (2005), we decided to employ the data deficient (DD) species
category. The DD species constitutes the only “inadequate data” category, contrary to all the
above categories representing “adequate data” (the “1996 IUCN Red List”, BArLLIE & GRro-
OMBRIDGE 1996). This category, although supposed transitory, is clearly defined. It facultati-
vely gathers the species with largely unknown biology and fragmentary data on distribution
that intuitively could fall in some of the above categories in the future. In our evaluation, this
category should comprise also the species newly established and those, the status of which
was revised after 2005.

The not evaluated (NE) category summarises all the remaining species, i.e. those not re-
quiring any protection. Though the category seems to be easily defined, in the case of aqua-
tic insects, it is sometimes difficult to decide, which species are really “ubiquitous, opportu-
nistic, or common everywhere in high densities”, since there are nearly no habitats in an
actual natural state within the Czech Republic. Hence, like in numerous other insect groups,
the question of proportionality between evaluated and not evaluated species remains crucial
in aquatic insects in question, as well. According to our opinion, at least 40—70% of species
should be treated and this opinion roughly corresponds to other invertebrate taxa so far
studied from the point of view of biodiversity protection in the Czech Republic (cf. FARKAC
et al. 2005).

Comparison of species (taxa) diversity with other European lake districts

To discuss species diversity of the Bohemian Forest lakes, we have selected recent synoptic
literature dealing with macroinvertebrates of European lakes. We included studies from
different geographic regions (British Islands and Fennoscandia, the Pyrenees, the Alps, the
Carpathians, and Balkans) and different altitudes: lowland lakes in Denmark and Finland
(BropERSEN et al. 1998, Hemno 2008), highland lakes in Scotland (KErNAN et al. 2009a), and
montane lakes at 1500-2800 m a.s.l. in the Pyrenees (DE MENDOsA & CataLan 2010), the
Alps (FUREDER et al. 2006, BogGERO & LENciont 2006, OErtLI et al. 2008, MARCHETTO et al.
2009), and the Tatra Mts. (Krno 1991, Kownacki et al. 2000, Krno 2006, Krro et al. 2006,
CIAMPOROVA-ZAToVICOVA et al. 2010, C1amPorOVA-ZATOVICOVA 2011). A special attention in our
comparison has been paid to the nearest lake districts, the Alps and the Tatra Mts., which
have been studied in considerable details. According to KErnaN et al. (2009c), 1ittora1 macro-
invertebrate assemblages of the Tatra Mts. differ from those in central Europe (the Alps),
and are more similar to those in the Balkans (the Retezat Mts. and the Rila Mts.). The distan-
ce of the Bohemian Forest lakes to the Tatra lakes and to those in the Tyrolean Alps is near-
ly identical. The crucial question seems to be whether the Bohemian Forest lakes could be
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grouped with the lakes in the Alps, the Carpathians, or those in any other lake district.

To compare the species richness of our lakes with species richness of individual European
lake districts, we used only recent data (2002—2011) collected in the lakes’ littoral (i.e., 196
species/taxa) not to overestimate the species richness by long-term research of our lakes. We
compared the number of species/taxa found in total and in particular insect groups, and the
number of identical species/taxa. Due to considerably different taxonomic levels used in the
literature data in comparison with our data, which were identified predominantly to the
species level, we had to consider some taxa of different level identical: for example, Sialis or
Sialidae identical with Sialis lutaria, Sisyra sp. identical with S. nigra, Corixidae indet.
identical with any genus of Corixidae, etc. Consequently, the number of identical taxa seems
to be overestimated, but we can suppose that numerous higher taxa of most of the authors in
fact include more than one species (even genus).

RESULTS AND DISCUSSION

Species richness of insects groups and habitats
History of the research on aquatic insects

Our present knowledge of the diversity of aquatic insects of the Bohemian Forest lakes de-
veloped gradually from 1848 (Fig. 12) when the first species, the aquatic bug Glaenocorisa
propinqua, was recorded from Cerné Lake (FIEBER 1848). Some 23 years later, two species
of aquatic beetles, namely Gyrinus substriatus (as G. natator) and Hydroporus palustris,
were collected at the same lake (Fri¢ 1872). The third order, Odonata, was reported from the
Bohemian Forest lakes within the past decades of the 19" century (Kreici 1890, 1892, Fric¢
& VAvra 1897). The latter reported 14 species of all the insect groups known till the present,
of these the orders Ephemeroptera (1 species), Plecoptera (2 species), Megaloptera (1 speci-
es) and Diptera (1 species of the family Chironomidae) were recorded for the first time.

Since then, increasing knowledge of species of individual insect orders apparently exhi-
bits two distinctive patterns (Fig. 12), depending on individual authors’ scientific interests
and specialisation, and collecting endeavour devoted to individual taxa in the course of the
last 120 years. The first pattern is shown by the orders Ephemeroptera, Odonata, Plecoptera,
and Trichoptera (Fig. 12). Earlier knowledge dates from the 1890s with an initial number of
1-5 species determined (KrLaPALEK 1890, 1894, Fri¢ & VAvraA 1897) and continues in the first
decades of the 20" century by new records of several species especially in Trichoptera and
Plecoptera (KLaPALEK 1903, SimaL 1920). These authors published new area records on 8
species of Plecoptera and 15 species of Trichoptera to extend the knowledge of the insect
diversity of the lakes to 41 species/taxa in this initial period of research. For the following
30 years, a total stagnation of the research of the lake fauna occurred (Fig. 12). As late as in
the 1950s, a targeted faunistic research of Ephemeroptera, Plecoptera, and Trichoptera (EPT)
led to an increase in the known insect diversity of the lakes to 68 species/taxa. Of these, 26
new records belong to EPT groups, although, except for Plecoptera (KRELINOVA 1962), the
results were published much later (LANDA 1969, Lanpa & SoLDAN 1989, Novik 1996). In
Odonata, there were no more data from 1897-1960 except for the finding of a dragonfly,
Leucorrhinia dubia by PeruTik (1957) in Cerné Lake. Although the research informally
continued in 1970-1990 as well, an increase in known species was not pronounced during
this period. Strong increase in species knowledge up to final 128 recorded taxa (Fig. 12) is a
result of intensive research of the impact of acidification and recovery of lakes carried out
from the 1990s to the present.
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In contrast to a gradual increase in knowledge of the former group, Heteroptera, Coleop-
tera and Diptera (including the family Chironomidae) exhibit a quite different pattern (Fig.
12). There were initial records of 1-3 species from the past quarter of the 19" century (cf.
Fric 1872, Fri¢ & VAvrA 1897) and then a pronounced stagnation of knowledge occurred for
the next nearly 100 years (Fig. 12). The only exception within this period is the first record
of a diving beetle Agabus (Gaurodytes) guttatus guttatus in Cerné Lake (in 1974 by DoLE-
zAL, unpubl. result) and several species of Chironomidae (EmEIS-ScHwarz 1985, ScHOLL
1989). An amazing increase in knowledge of these groups occurred after 1996. While the
number of Heteroptera species increased more than three times (from 10 species known in
1991-1996 to 35 species at present) and the number of Coleoptera species increased from 5
in 1991-1996 to 58 at present, the steepest increase showed the number of Diptera species
records (i.e. Chironomidae and “other” Diptera), which increased from 8 species known in
1991-1996 to 151 species at present.

The final period of research of insect species diversity of the Bohemian Forest lakes star-
ted in the early 1990s, when the lakes became accessible to scholars, and to the public. Be-
fore 1989 indeed, an “iron curtain” almost totally isolated Czech lakes into an inaccessible
zone. The present, unusually high species diversity of 373 species/taxa (Table 4) has mainly
been achieved thanks to directed research projects and a sampling effort devoting an atten-
tion to all habitats and lakes. In 2002—-2003, JEzBEROVA (unpubl. results) recorded 69 species
of aquatic insects. In 2005-2009, SEnoo (2009) referred to 93 taxa (71 determined to the
species level) in 79 genera and 41 families (including Tricladida, Mollusca, Hirudinida,
Nematoda and Oligochaeta) found in the outlets and inlets of the lakes. UNGERMANOVA (2009)
found 77 taxa (50 determined to the species level) of 39 genera and 26 families (including
Mollusca, Hirudinida, and Oligochaeta) in the lake littorals. Most recent additional referen-
ces are based on a synoptic survey of the lakes in 2008-2011 and an analysis of earlier
unpublished data; more than 100 species are presented here as unpublished results.
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Fig. 12. Species diversity of individual insect groups in the Bohemian Forest lakes within the period of
18422011, cumulative increase of knowledge and its historical development (considered only the taxa
determined at the species level, other taxa excluded from all groups; family Chironomidae summarised with
other Diptera families; Megaloptera and aquatic Neuroptera not shown).
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Species/taxa richness of the lakes and their inlets/outlets

In total 373 species/taxa belonging to nine aquatic insect orders, 70 families, and 214 genera
have been recorded in the Bohemian Forest lakes and their inlets/outlets so far (Table 4). The
majority of them have been determined to the species level (302 species; 81%). Sixty nine
taxa determined at higher than species level comprised especially historical (literature) re-
cords, which could not be revised, because the material was not available, and dipterans
determined to the genera or species-group levels due to insufficient knowledge of morpho-
logy of their larvae.

Besides small groups of Megaloptera and (aquatic) Neuroptera, higher taxa presented
within the Bohemian Forest lakes and their outlets/inlets can be divided into three groups
according to the absolute number of species/taxa determined (based on VaxHARA & KUBICEK
1999): (i) eudominant Diptera, (ii) dominant Trichoptera and Coleoptera, and (iii) subdomi-
nant remaining orders. Eudominant Diptera (altogether 152 species/taxa, 41% of the total)
were dominated by the family Chironomidae (113, 30%). The highest species richness of
Chironomidae (75 species/taxa) was found in outlets, whereas they were relatively species-
poor (17) in inlets. Other Diptera families were collected mainly in inlets and outlets (30)
and only 13 taxa were found in the lakes. Dominant Trichoptera (46) and Coleoptera (58)
shared a comparable deal (12% and 16%, respectively) of insect fauna of the Bohemian Fo-
rest lakes including inlets/outlets. However, far more species/taxa of Coleoptera (52) than
Trichoptera (19) have been found in the lakes (Table 4), while the opposite was true for the
inlets and outlets. Plecoptera (31) and Trichoptera (27) dominated the insect fauna of the
inlets (Table 4).

Altogether 215 species/taxa (58%) were found in the lakes’ littoral, where Heteroptera,
Coleoptera, and Chironomindae were the most species-rich groups (135 species/taxa). The
lowest number of species/taxa was recorded in Certovo Lake and Rachelsee (55 and 56, re-
spectively; Table 5). Most probably, these lakes lost their original species richness due to
strong long-term acidification in the past (Fig. 2). Certovo Lake and Rachelsee are followed
by Kleiner Arbersee and Cerné Lake (73 and 76, respectively), and Grosser Arbersee (80).
The highest species richness was recorded in Laka, Plesné and Prasilské lakes (93, 91, and
89, respectively). Each of these lakes has a specific character, which could mitigate the ef-
fects of acidification and/or offer suitable conditions for invertebrates. Laka and Prasilské
lakes have got the highest recent DOC concentrations (Table 2) and historically low Al con-
centrations (cf. VrBa et al. 2003a). Laka Lake is an exception within Bohemian Forest lakes
due to very short retention time and very small depth and area (Table 1), which might enable
species to colonise the habitat. Moreover, this lake has never been strongly acidified (Fig. 2).
Plesné Lake is mesotrophic, thus, likely offering better conditions for invertebrate survi-
val.

In stream habitats (inlets and outlets), 237 species/taxa (64%) were found in total. Of
these, Chironomidae, Trichoptera, and Plecoptera comprised the highest species number
(151 taxa/species). Though the total number of inlet/outlet species is higher than that of la-
kes, one should keep in mind that more than 100 species/taxa occurring either in inlets or
outlets (or in both) have been collected in the lakes as well (Tables 4, 5). Lake outlets (186)
were more species-rich than inlets (123), despite the higher number of inlets studied. Howe-
ver, species composition of outlets might be strongly influenced by drift of larvae as well as
imagines (Heteroptera, Coleoptera) from the lake. This can be documented, for example, by
the occurrence of 8 species of Odonata or 4 species of Heteroptera found in outlets, the lar-
vae of which develop solely in standing waters. The numbers of species/taxa recorded in
running water habitats are partially influenced by the sampling effort. The outlets of Certo-
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vo Lake (72) and Laka Lake (99) exhibiting the highest numbers of taxa/species (Tables 4,
5) have been studied in detail by SvoBopova (2010) and SvoBobova et al. (2012), which pro-
bably resulted in higher numbers of recorded species. On the other hand, these outlets have
higher discharge and channel width than other outlets, therefore they offer higher habitat
heterogeneity and space for macroinvertebrates, which can lead to higher species diversity.
Small outlets with relatively uniform substrate and low organic matter input hosted lower
number of species (outlets of Cerné Lake and Rachelsee).

The species richness of inlets seems to be quite heterogeneous and differences among the
individual lakes (Table 5) are difficult to interpret. Though different number (1-3) of inlets
was studied at each lake, it did not affect total species richness. For instance, three inlets
were studied in Certovo Lake and Rachelsee that hosted very different number of species (53
and 23, respectively). These differences might be explained by different acidity of inlets
even of the same lake, so that the increase in number of the inlets studied need not increase
total species richness. For instance, two distinct inlets of Laka Lake were studied — an acid
one (pH ~5) was extremely species species-poor, while the other was near-neutral (pH ~6;
KopACEK, unpubl. data) and hosted most of the 55 species found in total. Moreover, the influ-
ence of water quality is combined with the size, slope, and discharge of an inlet. Thus, habi-
tat-heterogeneous epirhithral streams need not necessarily host more species than very small
crenal trickles.

The proportion of aquatic insects within aquatic invertebrate fauna

The fauna of aquatic insects represent a crucial part of the whole biota occurring in the Bo-
hemian Forest lakes, including vertebrates and plants; however, the proper number of all
taxa is still not precisely known. The dominance of aquatic insects can be roughly estimated
reaching at least 60—75% of the whole taxa diversity of the lakes. More exact estimation can
be presented taking into account only a single “ecological” group of biota, namely benthic
and planktonic invertebrates.

Altogether 373 aquatic insect taxa recorded in the lakes exhibit about 9% of all aquatic
invertebrates known from the Czech Republic and about 11% of all predominantly benthic
aquatic invertebrates (cf. KUBiCEK & VANHARA 1999). Insect aquatic fauna of the Bohemian
Forest lakes reached 17.5% of approximately 2208 species of all aquatic insects of nine or-
ders (except Hymenoptera) known from the Czech Republic (Rozko$NY & VANHARA 2004,
BoukaL et al. 2007, MALENovsKY et al. 2012). This percentage seems to be considerably high
taking into account that the studied area is small and only three aquatic habitats are present
(lake littoral, crenal and rhithral streams). In much larger areas of the Czech Republic, which
were studied in detail, this proportion was naturally higher reaching about 60% — e.g., the
Palava Biosphere Reserve (OpraviLova et al. 1999), the Kokofinsko Protected Landscape
Area (BEraN 20006), and the Bilé Karpaty Protected Landscape Area (MaLENOVSKY et al.
2012).

Higher insect taxa

Altogether eight “true” insect orders (Hexapoda, Insecta sensu stricto) have been found in
the Bohemian Forest lakes and their inlets/outlets (Table 4). This number reaches about a
third of all insect orders present within the Czech Republic.

Some genera of catylids and grasshoppers (Orthoptera) live in emerged vegetation of
some, mostly standing waters but no such representatives have been found in the Bohemian
Forest lakes. The nearest localities of such species (e.g., the genus Tetrix, Tetrigidae) are
distributed in the Bohemian Forest foothills (Dossik 1959). Thus, occurrence of some repre-
sentatives of Hymenoptera in the Bohemian Forest lakes seems to be likely. These species
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are either egg or larval parasitoids of a large scale of hosts currently present in the lakes and
their inlets/outlets, e.g., the eggs of Diptera and Coleoptera are parasitised very frequently.
There are about 10—12 families of both infraorders Terebrantia and Aculeata attacking aqua-
tic insect hosts. The representatives of Agriotypidae, Mymaridae, Trichogrammatidae, and
Scelionidae are most probably present in the Bohemian Forest lakes but escape our attention
since their sampling requires specialised techniques and/or study of host eggs (cf. HEpQisT
1978, Rozkosny 1980). A single representative of Agriotypidae (Agriotypus armatus Curtis,
1832) parasitises larvae of caddisflies of the family Goeridae (Goera, Silo, Lithax) and rare-
ly the genus Odontocerum (family Odontoceridae) (KrLaPALEK 1889a,b, Rozkosny 1980).
Only the latter host has been collected in the Bohemian Forest lakes but no larvae were ob-
served parasitised (agriotypised, i.e. showing conspicuous breathing cord). Some represen-
tatives of the family Mymaridae have been detected in the Bohemian Forest but usually at
localities below 750 m a.s.l. (PAPACEK & SoLDAN 2003). They attack the eggs of diving beetles
(Dytiscidae: Dytiscus, Ilybius) and damselflies (Odonata: Zygoptera), i.e. the hosts currently
living also in the Bohemian Forest lakes. Similarly, numerous hosts of egg parasitoids of the
families Trichogrammatidae and Scelionidae are abundant in the lakes. The former attack a
large scale of hosts — Odonata: Zygoptera, Megaloptera (Sialis), Heteroptera: Nepomorpha
(e.g., Nepa), Diptera (e.g., Chrysops, Tabanus), and Coleoptera (e.g., Dytiscus, Donacia), the
latter develop in the eggs of Heteroptera: Nepomorpha and Gerromorpha (e.g., Nepa, Ger-
7is).

Lepidoptera represent the only “true” aquatic insect order most probably not present in the
Bohemian Forest lakes, neither are historical data on their occurrence. While the host plants
of their caterpillars (Elodea, Ceratophyllum, Potamogeton, or Stratiotes) are locally abun-
dant within most of the lakes, we never find them; neither imagines were ever attracted to
light traps exposed several times at Prasilské Lake (Spitzer & Jaro$, unpubl.). The Bohemi-
an Forest lakes are likely situated above an altitudinal range of all aquatic Lepidoptera spe-
cies. Yet representatives of the family Crambidae, subfamily Acentropinae (Acentria ephe-
merella (Denis & Schiffermiiller, 1775), Nymphula, and Parapoynx) have been found at
lower altitudes (approximately up to 650—700 m a.s.l.) in the Czech part of the Bohemian
Forest (cf. PAPACEK & SoLDAN 2003).

Among the insects sensu lato, only the class Collembola (springtails) exhibits aquatic (or
rather semiaquatic) representatives. Number of aquatic springtail species is insufficiently
known, about 30-35 species of 10—12 genera occurs in Europe (cf. Gisin 1978). Two taxa
have been observed or collected in the Bohemian Forest lakes. A dense association of Podu-
ra aquatica Linnaeus, 1758 (order Arthropleona, family Poduridae) was observed in Laka
Lake near the mouth of a “neutral” inlet (May 30, 2005), less numerous populations occur-
red in Plesné Lake among emerged aquatic plants near outlet (July 15, 1987, T. Soldan leg.,
M. Zacharda det.). Several specimens of Sminthurides cf. aquaticus (Bourlet, 1843) (order
Arthropleona, family Sminthuridae) were collected in Grosser Arbersee (May 2002, M.
Jezberova leg., M. Zacharda det.). Both species are widely distributed but their altitudinal
range remains unclear; Podura aquatica seems to prefer lower altitudes. A temporal (or in-
cidental) or permanent occurrence of springtails in the Bohemian Forest lakes remains open.
The above findings seem to be unique, despite an effort to find any more specimens.

Notes to some records on non-insects fauna

Although our research has not been oriented to non-insects groups, we feel that several fin-
dings deserve a short comment since they often represent one of the first-time records in the
lakes studied and the signs of biological recovery from acid stress. Non-insect groups of
macroinvertebrates of the Bohemian Forest lakes are extremely poorly known as the only
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earlier data were obtained by Fri¢ & VAvra (1897). These species are hardly identifiable,
because mostly invalid nomenclature has been used and the material has been lost.

Mollusca — Several specimens of Pisidium sp. were observed in Grosser Arbersee in 1998
(SoLpAN, unpubl.) and Kleiner Arbersee in 2002 (JEzBEROVA, unpubl.). Pisidium casertanum
(Poli, 1791) (Sphaeridae, Heterodonta, Bivalvia) was found in the littoral of Laka Lake and
Grosser Arbersee (UNGERMANOVA 2009) and in a neutral inlet and outlet of Laka Lake (SEnoo
2009). Its highest abundance (10 specimens of different age) has been observed in Laka Lake
in 2010, some 5—10 m from the banks among submerged vegetation (SoLDAN, unpubl.). Cal-
cium concentration and pH are the main factors determining the occurrence of pea clams,
which are sensitive to acidification — the majority of species disappear in pH <6.0, while
even tolerant species disappear in pH <5 (@xranDp & Kuiper 1982, HorsAk & HAsEk 2003).
P. casertanum is the only species of the genus, which has been recorded even in some stron-
gly acidified lakes — only a very few specimens could then be found and their shells were
nearly completely decalcified (OkLAND & Kuiper 1982). The occurrence of P. casertanum in
the Bohemian Forest lakes is similar — the specimens have been found only in the recovering
lakes (and inlets).

Annelida — A single species of a leech (Hirudinida, Glossiphoniidae) of the 24 species
occurring in the Czech Republic (ScHENKOVA et al. 2009), namely Helobdella stagnalis (Lin-
naeus, 1758) was found in Grosser Arbersee and its outlet (UNGERMANOVA 2009, SENoo 2009)
and in Laka Lake in 2010 (SycHra, unpubl.). Although it is a very common species in the
Czech Republic (especially in stagnant and slowly flowing, mostly eutrophic waters), it is
absent in streams above 800 m a.s.l. (ScHENKOVA et al. 2009). Thus, the Bohemian Forest
lakes are the highest localities where the species has been found up to now.

Amphipoda — A single species of the order Amphipoda of the 9 species recorded from
the Czech Republic (BEREZINA & DURIS 2008; DuriSova et al. 2012), namely Gammarus
fossarum Koch, 1835 was found in a semiquantitative sample from the littoral of Grosser
Arbersee collected by a hand net in 2010 (SycHra, unpubl.). This is the first finding of this
species in the Bohemian Forest lakes. This species is very abundant in clear streams. Its
occurrence in a lake is rather unusual and specimens collected in standing waters are usual-
ly drifted from inlets. In the Bohemian Forest lakes, however, no specimens have been ever
found in all inlets, neither in semiquantitative samples nor individually. The absence of the
species is caused by unfavourable stream water chemistry, thus it occurs only in the outlet
of Laka Lake (SvoBopova et al. 2012).

Mayflies (Ephemeroptera) — T. Soldan
Species richness of mayfly taxocenoses

Altogether 19 species of 10 genera (14 subgenera) and 6 families (9 subfamilies) have been
found in the Bohemian Forest lakes and their inlets and outlets (Tables 4, 6). One additional
taxon, Cloé sp. recorded by Fri¢ & VAvra (1897), cannot be determined at species level with
certainty, because earlier authors used indiscriminately this generic name for species of
genera Cloeon Leach, 1815, Baetis Leach, 1815, and Procloeon Bengtsson, 1915 (cf. BAUER-
NFEIND & SoLDAN 2012). Most probably, Cloé sp. might in fact represent Cloeon dipterum,
for which the name used was frequently applied. Proper determination of Ecdyonurus cf.
austriacus, reported sub. E. picteti (Meyer-Diir, 1864) by SvoBobova (2010), remains still
unclear. Most morphological characters are closely related to E. austriacus Kimmins, 1958
described from the Austrian Alps, but careful comparison of type material and more mate-
rial of imagines are necessary (cf. SOLDAN 2003, SoLDAN & Gobpunko 2006, SoLDAN et al.
2008). Moreover, young larvae cannot be reliably distinguished from syntopic E. silvaega-
bretae.
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The number of 19 species found in the Bohemian Forest lakes and their inlets/outlets re-
presents approximately 18% of the total species diversity of Ephemeroptera in the Czech
Republic, at present reaching 107 species in 30 genera and 16 families (ZAHRADKOVA et al.
2009), and approximately 28% of 69 species of Ephemeroptera known from the Bohemian
Forest and its foothills (cf. LANDA & SoLDAN 1982, SoLpAN et al. 2001).

Habitat preference and vagility of mayflies

A relatively low number of recorded species in comparison with other aquatic insect groups
(Table 4) corresponds to general habitat specialisation of mayflies. Most species prefer stre-
ams of rhithral (all zones) and potamal (mostly epipotamal). Just inlets and outlets are inha-
bited by the majority of mayflies found in the Bohemian Forest lakes. Of 19 species found in
total, only eight species (Ameletus inopinatus, Siphlonurus lacustris, S. alternatus, Cloeon
dipterum, Baetis vernus, Leptophlebia marginata, L. vespertina) are able to finish their de-
velopment in the littoral zone of lakes. Others are specialised on habitats of running waters
and might occur in the lakes only incidentally. For instance, of 13 species found in Laka
Lake, 5 species were collected only in the inlets (1) and outlet (4); in Grosser Arbersee (11
species), 7 lived only in the outlet, 1 species only in the inlet (Table 6). There were no sub-
stantial differences between Czech and German lakes despite lesser attention that has been
paid to German lakes in the past (ScuoLL 1989, ScuaumMBURG 2000). Contrary to all lake
outlets inhabited by 2—8 species, lake inlets are very poor in mayfly species. Mayflies were
absent in the inlets of Certovo Lake and Kleiner Arbersee. Inlets often represent a crenal
habitat or transitory crenal-epirhithral zone only exceptionally inhabited by mayfly larvae.
Taking into account the relatively very low vagility of mayflies, the lake water body might
be a barrier preventing outlet—inlet species exchange at least in large lakes. Females emerged
from the lakes, however, realise their compensatory flight into inlet habitats but larvae of
most species cannot survive. Inlets are regularly inhabited by larvae of Leptophlebia vesper-
tina and sometimes by those of Ameletus inopinatus but an active migration of larvae of the
former species cannot be excluded. LINGDELL & MULLER (1979) observed migrations of older
larvae towards estuarine habitats in coastal streams in Scandinavia.

Life stategies of Leptophlebia species

The most frequent species in each lake is Leptophlebia vespertina that occur in the littoral
and outlets of all lakes and in most inlets (except for Grosser Arbersee and Kleiner Arber-
see). Larvae are not specialised as to habitat requirements and are able even to survive
longterm winter conditions close to anoxia (BriTTAIN & NaGeLL 1981). They live among
emerged vegetation, roots of sedges but also on stony substrates, on silt and woody debris.
They are very rare on sandy substrata without organic debris. In Cerné and Certovo lakes,
they live predominantly on compact rock or stony substrate but their densities are evidently
higher at places rich in woody and organic debris. In other lakes, larvae apparently prefer
emerged plants to plant-free bottom substrate. In Prasilské and Plesné lakes, their density
can be roughly estimated to about 30—50 ind.m™ at stony substrate but about 100—150 ind.
m? at places overgrown with aquatic plants. The lowest density can be estimated in Cerné
Lake and especially Certovo Lake (<20-30 ind.m ). Density of larvae substantially decrea-
sed to ~10 ind.m at the depths of ca. 80—100 cm in all lakes. The transitory littoral—profun-
dal zone seems to be free of larvae. On the contrary, the larvae may currently live at the
depth of 5 m in some Norwegian lakes, even reaching densities of 70—665 ind.m~ (RApbUM
& FiELLHEM 1995). Densities of larvae in the Bohemian Forest lakes are comparable to tho-
se studied in Norway (usually 35-350 ind.m2, but up to 1295 ind.m= in some limed lakes).
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Leptophlebia vespertina possesses life cycle of the univoltine winter type characterised
by presence of larvae at the localities from late summer to next late spring (Lanpa 1968,
Sowa 1975b, CLirrorD 1982). Due to its embryogenesis, larvae are missing in habitats from
mid June till late August, when only a very small (body length of 2-3 mm) larvae can be
found. During winter, larval development is nearly ceased. Larval growth became intensive
again after ice cover melting and warming of water in spring (MoonN 1938, SETTEM & BRrIT-
TAIN 1985, KIEL & MATzKE 2002) and its rate is highest during the first three months after
hatching (KJELLBERG 1972, BRITTAIN 1974, 1978, SAVAGE 1986, SODERSTROM 1991). Emergence
has been observed either from stones and other emerged subjects (cf. SCHOENEMUND 1930b,
Tiensuu 1935) or from the water surface (cf. KiELLBERG 1972, 1973). Both ways of emergen-
ce have been observed in the Bohemian Forest lakes. Larvae mostly emerge from the water
surface at places with stony bottom and minimal vegetation cover (Cerné, Certovo, and
Prasilskeé lakes), while, in lakes with the littoral rich in vegetation (Laka Lake and Kleiner
Arbersee), they evidently prefer emerging from emerged plants and only about 10-20% of
them emerge from the water surface. Under laboratory conditions, however, about 70% of
415 individuals emerged from stone surface (SoLDAN, unpubl.). Subimagines usually emerge
around noon, especially at the localities of lower altitude (as in L. marginata), but the emer-
gence lasting all day long (approximately from 9:00 a.m. to 3:30 p.m.) has been observed in
the Bohemian Forest lakes (e.g., in Cerné and Prasilské) like in some other higher altitude
localities (cf. LANDA 1969, SOoLDAN & ZAHRADKOVA 2000). Contrary to L. marginata, subima-
gines usually do not fly at all and remain sitting among vegetation and stones near water
surface; subimaginal stage lasts about 24 hours. Mating flight occurs in the afternoon (usu-
ally from 1:00 to 4:00 p.m.). Swarming in early evening or at dusk after sunset that was
observed at lower altitudes (cf. SavaGE 1986, FONTAINE et al. 1990, HayBacH 1998) has never
been observed in the Bohemian Forest lakes. The imagines usually do not search for any
conspicuous landmarks or swarm markers such as limited areas of homogenous vegetation,
arock, bush, tree, light-coloured object (cf. SavoLAINEN 1978). They swarm mostly above the
shore line or a bridge or road surface at a height of approximately 1-2.5 m preferring bright
sky and often sunny places to cloudy moments or shadowed places in the Bohemian Forest
lakes (observed at the shore of Cerné Lake in May 2007). Swarms of L. vespertina are rela-
tively small, up to 10—15 individuals. Pronounced and apparently directed compensatory
flight of females has not been observed and probably does not occur in the Bohemian Forest
lakes (surveyed in Kleiner Arbersee, Cerné, Certovo, and Pragilské lakes in 2005-2007).

The emergence period of L. vespertina apparently showed little different timing. It was
rather controlled by lake morphology (more rapid temperature rise in shallow lakes in spring)
than by the altitude. Subimagines were observed to start emergence in mid May and to finish
as late as in early June in shallow Laka Lake (highest altitude), while the emergence started
in late May and lasted ~10 days in Cerné Lake. Similar timing was observed in Prasilské
Lake. The latest emergence, with an apparent peak in the first half of June was observed in
Certovo Lake.

Successful colonisation of lakes by Leptophlebia vespertina is due to convenient life cycle
strategies that enables to develop simultaneously with the second most abundant species,
Siphlonurus lacustris, coexisting in the same lake littoral habitats as studied in detail in
Norwegian lake Myrkdalsvatn and ©vre Heimdalsvatn (BritTaiN 1978, 1980, SETTEM &
BrittaIN 1993). Strategy in Leptophlebia vespertina consists of small body size (in Norwe-
gian lakes 7.1-8.7 mm), high density, main larval growth during late summer and autumn, a
short emergence during mid-summer and low fecundity (645-1079 eggs per female in oli-
gotrophic Norwegian subalpine lakes) and low mortality (365461 eggs required to produce
one subimago). These values are not the same but comparable within the Bohemian Forest
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lakes. Body length is a little higher (7.6-9.3 mm within all the lakes) and the fecundity se-
ems to be apparently lower (490-935 and 365702 egg per female in Cerné and Certovo la-
kes in the 1990s; SoLDAN, unpubl.). Mortality was not studied. Strategy of Siphlonurus la-
custris consists of large body size (11.5-13.2 mm), low density (compared to L. vespertina),
main larval growth between ice-break and emergence (thus partly utilising a free niche,
when L. vespertina is in egg stage), a long emergence period during autumn and summer (or
possible bivoltine life cycle, see below), high fecundity (1575-1740 eggs per female), and
high mortality (720-931 eggs necessary to produce one subimago). These strategies seem to
be influenced by interspecific competition and coexistence of L. vespertina and S. lacustris
(or S. aestivalis), and appear to have been established by ecological segregation through
natural selection (ULFSTRAND 1968).

Larvae of Leptophlebia marginata has been found only in Laka Lake (Table 6). Although
this occurrence can be considered incidental, the species apparently reproduce here as do-
cumented by finding of imagines during sweeping of littoral vegetation (CHvoika, unpubl.).
The species is abundant and widely distributed within the Czech Republic but prefers lower
altitudes (up to ca. 650 m); its occurrence above 1000 m a.s.l. is quite exceptional and hither-
to documented only from Norway (up to 1800 m, BrRittaN 1979). L. marginata is often
syntopic with L. vespertina, density of larvae apparently decrease with increasing altitude in
favour of L. vespertina in central Europe (cf. LANDA 1969, LaANDA & SoLDAN 1989, SOLDAN et
al. 1998). This is documented, for example, by the proportion of L. marginata of all Lepto-
phlebia specimens (80-90%) at some other localities of the Bohemian Forest (e.g., pools in
the floodplain of the Vltava River near Pékna). Its life cycle is of the univoltine winter type
(details about life cycle and growth in SODERSTROM 1991, BRITTAIN 1976, SAVAGE 1986). Grow-
th of larvae is more rapid before emergence than in L. vespertina (cf. BrittaiN 1974, 1978,
1980, BriTTAIN & LILLEHAMMER 1978). Subimagines emerge around noon and, contrary to L.
vespertina, actively fly toward trees and shrubs. If syntopic with L. vespertina, L. margina-
ta begins its mating flight earlier, frequently during daylight before sunset. On the contrary,
L. marginata shows bimodal swarm activity in the beginning of the flight period while uni-
modal swarming activity has been observed at the peak of the flight period (SAvOLAINEN
1978).

Life strategies of Siphlonurus species

Larvae of S. lacustris, the second most abundant species in the Bohemian Forest lakes,
occur in rivers, stream pools and lakes, at altitudes from ca. 500 m a.s.l. upwards (up to 2300
m a.s.l. in Switzerland, SARTORT & LANDOLT 1999). Macrophytes are preferred, but larvae live
on submerged roots and mosses. Their occurrence on a stony bottom or the bottom covered
with organic debris is rare. Due to an evidently larger ecological range (certain eurythermy
and wide habitat preference), the larvae are able to colonise new habitats very quickly and
to reach even mass population density, e.g., in new montane reservoirs (SOLDAN et al. 1998).
The species is at mostly moderately abundant in the Bohemian Forest lakes. Generally, a
univoltine cycle of S. lacustris is supposed, a discussion mainly concerns either egg or larval
overwintering. While Lanpa (1968, 1969) supposed the egg winter quiescence in the Czech
Republic, most authors (e.g., Brittain 1974, 1978, 1980, S£ETTEM & BRITTAIN 1985, 1993,
Sowa 1975b) observed egg hatch in autumn and, consequently, younger larvae to overwinter
in lake populations in Norway, Great Britain, and south Poland. BriTTaIN (1978) pointed out
that both life cycle strategies (either egg or larval overwintering) were possible within the
same population, although he did not manage to determine the proportion of overwintering
eggs and young larvae. LANDA (1968, 1969) described a second, summer-autumn generation
in some populations in the Czech Republic, which occurred only under exceptionally favou-
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rable water temperature conditions at lower altitude. We have observed relatively numerous
second generations of S. lacustris with flight period in August and September at several lo-
calities of the Sudetes in 1973, 1976, 1995, and 2000 (SoLDAN et al. 1998, SOLDAN & ZAHRAD-
KovAa 2000). Although no exact data are available, growth of population in the Bohemian
Forest (and most likely also in the lakes) is concentrated mostly to spring months (April to
June), development of overwintering larvae is very 1nconsplcuous or ceased, imagines were
observed flying from late May to mid July. Some imagines that might belong to the second
generation were collected by sweeping in September (SoLDAN, unpubl.).

Siphlonurus alternatus has been collected in three lakes (Laka, Ple$né, Prasilské). The
species shows a distribution indicating north-central European disjunction (Lanpa 1954,
1969, Sowa 1975a, Lanpa & SoLpAn 1985). Larvae prefer rather lentic habitats, especially
pools with submerged vegetation, from isolated backwaters of large rivers to oligotrophic (or
mesotrophic) ponds and artificial impoundments, as well as montane and submontane glacial
lakes, but are able to colonise brackish aquatic habitat too (e.g., in Scandinavia and Estonia).
Within the Czech Republic, they generally live at places with very slow current velocity (typi-
cally in backwaters of larger rivers) or oligotrophic ponds and impoundments of the colline
zone (e.g., the Luznice River basin or fishponds around Lnafe and Blatné). They can reach
relatively high population densities especially after the end of emergence of other Siphlonurus
species and the first generation of Cloeon dipterum (cf. SOLDAN & ZAHRADKOVA 2000). Within
the Bohemian Forest lakes, larvae are always solitary to rare, being collected individually at
littoral places densely overgrown with aquatic vegetation. The life cycle of S. alternatus is
usually considered the seasonal univoltine summer (spring-summer) type (Us according to
CLiFForD 1982) as observed in the Bohemian Forest lakes and generally within the whole
central Europe (cf. LaNDA 1954, 1968, ZanrADKOVA et al. 2009). After oviposition in early
summer, the eggs are supposed to hatch from next May to June after winter and spring
quiescence. In the Bohemian Forest lakes, its flight period (judging from the occurrence of
penultimate and ultimate larval stages) is a little postponed to the very end of May and mid
June, most probably due to later ice melting in April. However, we have collected imagines
by sweeping in Laka Lake as late as in late September in 2010. This might indicate a possi-
bility of the second generation, more likely than extremely prolonged flight period.

Contrary to the lakes in Fennoscandia, another representative of the genus, S. aestivalis is
very rare in the Bohemian Forest. Larvae were found only in Laka Lake and incidental up-
stream migration cannot be excluded in this case. At lower altitude, if the larvae are syntopic
with S. lacustris, their abundance conspicuously increases with decreasing altitude (e.g., at
numerous localities in the Bohemian Forest foothills). The life cycle is approximately of the
same type as in S. lacustris. Life cycle strategy enables S. aestivalis to coexist successively
with L. vespertina and S. lacustris. At least in Scandinavia, S. aestivalis shows large body
size, very low density, main larval growth during winter and spring (in between S. lacustris
and L. vespertina), high fecundity (about 1000—-1800 eggs per female) and relatively high
mortality (BrReTscHko 1985, 1990, SarTor1 et al. 1991, 1992, S&TTEM & BriTTAIN 1993).

Other species of the lakes

Ameletus inopinatus has been found in three lakes (Cerné, Prasilské, Plesné). Its larvae are
stenoxybiontic and cold stenothermic, thus, they inhabit crenal and epirhithral running wa-
ters with stony bottom at higher altitudes (or colder climate) and the shore zone of lakes.
They are solitary to very rare, clearly preferring stony parts of the littoral zones in the Bo-
hemian Forest lakes. If they occur in epirhithral habitats (e.g., inlets), they inhabit also pla-
ces with roots and organic debris and submerged vegetation at current-exposed places (e.g.,
in Grosser Arbersee). Subimagines emerge on plants and stones just above the water surface

158



during daytime. Swarming and copulation may take place at considerable height in the air.
Most authors (e.g., LANDA 1968, 1969, BritTaIN 1978, 1979, Sowa 1975b) report for A. inopi-
natus an entirely univoltine winter life cycle type (CLiFForD 1982). GLEDHILLL (1959) obser-
ved a part of eggs remaining in winter dormancy and hatching very early in spring. Such
larvae give rise to apparently smaller adults flying a bit later than those emerging from over-
wintering larvae, indicating that obligatory diapausis does not take place. This has also been
documented in the continental Europe (e.g., in the Thuringian Forest, BRETTFELD 1990), in-
dicating a seasonal, univoltine winter-summer life cycle (LANDA 1968, 1969, Sowa 1975b,
CLIFrorRD 1982). The same alternative life cycle can be supposed also in the Czech Republic,
most likely including the Bohemian Forest lakes. Apparently two size groups of larvae are
regularly observed, as well as smaller adults flying in late August and early September.
“Normal” populations of 4. inopinatus (rather the majority of population within the Czech
Republic) exhibit flight period from late May to late June or early July (BAUERNFEIND &
Humpesch 2001, ZAHRADKOVA et al. 2009).

Larvae of the last “true” Bohemian Forest lakes inhabitant, Cloeon dipterum inhabit al-
most all types of aquatic habitats being sometimes eudominant, e.g., in eutrophicated fis-
hponds, but they are recorded also from the rhithralic section of rivers tolerating current
velocity up to 0.6 m.s™' (DorIER & VAILLANT 1954). An obviously preferred habitat is aquatic
vegetation. C. dipterum represents a typical pioneer species colonising new localities (inclu-
ding astatic water bodies, SARTORI & LanDoLT 1999) and exhibits some attributes of invasive
behaviour (Lanpa & SoLpAN 1986). Its life cycle is highly adaptive, a seasonal bivoltine
winter cycle (MBws) is usual. The minimum temperature of ~8°C is necessary for success-
ful metamorphosis (BrReTscuko 1965, McKEeE & Atkinson 2000) and temperature seems to
be a major factor affecting population development. The findings of this species in the Bo-
hemian Forest lakes (Cerné, Laka, Grosser Abersee, Table 6) seem to be rather incidental
and permanent dense populations, often observed in lowland ponds, definitively do not occur
here. Colonisation of the lake habitats is enabled by extremely wide ecological range of lar-
vae including food requirements (HayBacH 1998, Cianciara 1979, 1980a,b), relatively rapid
growth and development (although only a single generation can be supposed here), extreme
vagility (ovoviviparous females living in imaginal stage for a long time, DEGRANGE 1959,
1960, SoLpAN 1987, SiLiNa 1994), as well as survival of low oxygen concentrations or even
anoxia (NAGELL 1977, 1981).

Species of inlets and outlets

Distribution of the majority of mayfly species (Baetis alpinus, B. vernus, B. muticus, B. rho-
dani, Ecdyonurus cf. austriacus, Rhithrogena iridina, Rh. loyolaea) is restricted to outlets
of the lakes, as well as an incidental occurrence of remaining species (Ephemerella ignita,
E. mucronata, Habrophlebia lauta, Habroleptoides modesta). The only exception is the
occurrence of larvae of B. vernus in Laka Lake (Table 6), while they live only in outlets in
the other lakes (Prasilské Lake, Kleiner Arbersee). B. vernus is characterised by having a
relatively large ecological range and moderate acid tolerance (BRAUKMANN 2001, Tix1ErR
2004). It is the only representative of the genus, which can colonise oligotrophic and mesot-
rophic stagnant waters (fishponds).

The outlets usually belong to the epirhithral zone, a habitat quite suitable for mayfly lar-
vae. Mayfly fauna of these habitats consists of two components. Upper segments of the
outlets studied (ca. 50 m) are inhabited by the species drifted from the lake, which become
apparently less frequent downstream. This concerns predominantly “lake” species L. ve-
spertina and S. lacustris, which show the highest densities at the very beginning of an outlet.
The second group is upstream migrants that are much more abundant or common downstre-
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am. Some of them, like Baetis alpinus and B. rhodani, are collected rather regularly. Others,
like Habrophlebia lauta, Habroleptoides confusa, Ephemerella mucronata, and E. ignita,
are extremely rare in the outlet segments studied (always a single larva was found). The
more neutral outlets of Grosser Arbersee and Laka Lake are probably most suitable to up-
stream migration and survival of these species (cf. Table 6). Although downstream sections
are densely inhabited by these species (e.g., E. ignita often belongs to eudominant species),
this migration seems to be rather unsuccessful.

Lake inlets are inhabited only by four species, Baetis alpinus, A. inopinanus, Leptophle-
bia vespertina, and Rhithrogena iridina. The occurrence of these species in inlets seems to
be rather exceptional, as documented, for example, by finding of a female of RhA. iridina
collected by sweeping in an inlet of Laka Lake (Table 6).

Acid sensitivity and impact of acidification

Although mayflies are generally reported as one of the most acid-sensitive macroinvertebra-
tes (SutcLIFFE & CARRICK 1973, PETERSON et al. 1985, OkLAND & OKLAND 1986, LEPORI et al.
2003), the mayflies found in the Bohemian Forest lakes represent an exception. Leptophlebia
vespertina is probably the most acid-tolerant mayfly at all (Rappum et al. 1988, FIELLHEIM &
Rappum 1992, Rapbum & SKIELKVALE 1995). Its tolerance limit to survive is pH ~4.0 (Eng-
BLOM & LINGDELL 1983) and larvae can tolerate brackish waters with salinity of 4—5%o and
conductivity of 9 mS.cm™ (LINGDELL & MULLER 1979, MERILAINEN 1988). However, the acid-
-stressed populations were significantly reduced in Norway (Rapbum & FIELLHEIM 1995).
Likewise, this species survived strong acidification in the Bohemian Forest lakes in the past,
yet its densities considerably dropped especially in Cerné, Certovo and Plesné lakes. For
instance, larvae were extremely rare in Certovo Lake already in 1956, when pH was as low
as 4.7 (Lanpa et al. 1984). In the early 1980s, some sampling did not even detect larvae at
all. Their recent densities (estimated in 2002, 2007, and 2010) seem to be stable again.

Ameletus inopinatus and Siphlonurus lacustris represent the only mayfly species that can
tolerate periodic acidity (Rappum et al. 1988, BRaukManN 2001) and their level of tolerance
is pH >5.5. In the period of strong acidification (the late 1970s to mid-1980s), when pH of the
Bohemian Forest lakes decreased below 5 (VESELY 1994, VrBa et al. 2000), both species
apparently disappeared from strongly acidified lakes (S. lacustris from Certovo and Pleiné
lakes, A. inopinatus from Plesné and Prasilské lakes). On the other hand, S. lacustris survi-
ved in Laka Lake, which exhibited more favourable conditions (usually pH >5, Fig. 2), du-
ring the whole period from the 1950s till present. S. alternatus (collected only in Prasilské
Lake in the 1950s), which is believed to survive acid periods in spring in the egg stage (Rap-
puM & FIELLHEIM 1995), has appeared at new localities after 2000 (Table 6).

“True” acid-sensitive species (i.e. species usually found only in streams that are never
acidic, BRaukMaNN 2001), such as Ephemerella ignita, Habrophlebia lauta, and Habrolep-
toides confusa, have been found in lake outlets quite incidentally and only recently, although
they are widespread in the Bohemian Forest. A relatively acid-sensitive species Baetis alpi-
nus could apparently survive, but only in inlets/outlets. Biological responses to the chemical
recovery from acid stress in the Czech lakes can be documented by new occurrence of 4.
inopinatus and S. lacustris in Cerné Lake and findings of further species (Baetis vernus,
Leptophlebia marginata, Rhithrogena iridina, and Ecdyonurus cf. austriacus). Certain re-
covery can be inferred from findings of several species of the genus Baetis, generally consi-
dered acid-sensitive (inhabiting episodically weakly acidic streams, according to BRAUK-
MANN 2001), in outlets of the lakes. These species differ in degree of acid sensitivity (TIxXIER
et al. 2009) and their survival strongly depends on other factors, like toxic aluminium (RAD-
puM & FIELLHEIM 1987). While B. rhodani and B. alpinus are “slightly” acid-sensitive (cf.
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BRADLEY & ORMEROD 2002, Rappum & FieLLHEIM 2003), B. vernus belongs to “acid-benefi-
ting” species, which increased their relative densities with increasing acidity (TixIER et al.
2009). On the other hand “very” acid-sensitive species, e.g., B. melanonyx and B. scambus
(Tixier et al. 2009) still do not occur in inlets and outlet segments close to the lakes.

Dragonflies (Odonata) — T. Soldan & J. Bojkova
Species richness of taxocenoses

Contrary to most other aquatic insects, Odonata occupy a rather unique position especially
concerning their vagility and reproductive/distributional fitness. The imagines represent
outstanding fliers, perhaps one of the most successful ones within the insects in general.
Their wide vagility depends also on some features of their biology, such as feeding and fo-
raging habits, mass migrations, invasive behaviour, and tendency to territoriality. Many
species of wide ecological range tend to colonise also extreme and/or astatic aquatic habitats.
Therefore, their findings as well as long-term occurrence in the Bohemian Forest lakes
should be evaluated with caution. Some findings of imagines might represent incidental
occurrence only, some findings of larvae might be due to facultative or even seasonal occur-
rence rather than permanent colonisation and survival of the whole population under unfa-
vourable conditions in the lakes. On the other hand, numerous species permanently live in
peat bogs or other habitats in a close vicinity of the lakes and some of them might colonise
the lake littoral, yet still have escaped our attention.

Besides two species (Ischnura sp. and Libelulla sp.) determined only at the generic level
(too young larvae without critical distinguishing characters), altogether 20 species of 12
genera and 5 families of the suborders Zygoptera (Lestidae: 1 species, Coenagrionidae: 6
species) and Anisoptera (Aeshnidae: 6 species, Corduliidae: 2 species, Libellulidae: 6 spe-
cies) have been so far collected in the lakes and their inlets and outlets (Tables 4, 7). This
number represents a half (~54%) of the Odonata species diversity reaching as many as 37
species recorded from the Bohemian Forest within the Sumava Protected Landscape Area
(SoLpAN et al. 1996, CEmPiREK 2000, ZELENY & HANEL 2000, ZELENY 2004a). Generally, the
number of species found in the Bohemian Forest is high in comparison with other Hercynian
mountains. For instance, in the Krkonose (Giant) Mts., only 25 species have been found so
far (HoLusa & Vanik 2008).

The occurrence of dragonflies in the Bohemian Forest, which included findings in the
close vicinity of the lakes, was mentioned by Kresci (1890) for the first time. He probably
collected imagines at least near Prasilské Lake; however, he did not provide any details on
concrete localisation of his findings. Later, this author mentioned the occurrence of imagines
of Aeshna juncea at Prasilské Lake, Cordulegaster bidentata Sélys, 1843, Ae. affinis Van der
Linden, 1823, Ae. grandis, and Somatochlora metallica at Prasily (without precise localisa-
tion again, KrEsCi 1892). Due to very close distance between the village of Prasily and Pra-
silské Lake, the occurrence of these species just at Prasilské Lake itself was very likely;
however, the original material probably has not been preserved and revision remains im-
possible. Thus, these records remain doubtful, except for the latter two species that have
been documented in other lakes (HoLusa 1996, 2000, and unpublished records in Table 7).
Further record from the 1890s presented Fri¢ & VAvra (1897), who determined larvae as
“Libelulla” in Cerné Lake (the material was not preserved). Altogether 11 species were col-
lected till the end of the last century. Besides a single record on Leucorrhinia dubia from
Cerné Lake by PeruTik (1957), some data based solely on extensive collecting activities in
early June and mid August 1987 were acquired from Plesné Lake (SoLpAN, unpubl.). Five of
7 species collected at that time actually represented species recorded in the lakes for the first
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time (Ischnura pumilio, Aeshna cyanea, Ae. subarctica, Orthetrum cancellatum, Libelulla
quadrimaculata). Cuvoika (unpubl.) collected imagines of Pyrrhosoma nymphula in Certo-
vo Lake and Horusa (1996, 2000) published the findings of Lestes sponsa, Pyrrhosoma
nymphula, Enallagma cyathigerum, Aeshna cyanea, and Somatochlora metallica for the first
time. The same author re-collected Leucorrhinia dubia in Cerné Lake (HoLusa 1996). Ad-
ditional 9 species have been found recently during the extensive survey of lake benthic en-
tomofauna (Table 7). Except of a record on a single undetermined species of “Libelulla”, the
three German lakes were not studied with respect to Odonata till the beginning of this cen-
tury. Eleven species have been found there so far (Table 7).

Species groups according to reproductive and colonisation strategies

Owing to extreme vagility, the species collected in the Bohemian Forest lakes can be divided
into the following distinct groups:

(i) Species permanently living within the lake water bodies, i.e. repeatedly realising their
complete life cycles there. This group can be documented by findings of larvae of different
body size, in different years and/or seasons. In other words, the respective lake and/or its
inlet/outlet habitats are suitable for completing growth and development of their larvae, and
successful emergence. At least 11 species of 20 species collected in the lakes belong to this
group. Pyrrhosoma nymphula and Aeshna cyanea are the most common species that have
been found repeatedly in all the lakes. Ischnura elegans, Somatochlora metallica, and Ae-
shna juncea belong to frequent species found in six or five of all eight lakes. Other species,
Coenagrion hastulatum, C. puella, Enallagma cyathigerum, Cordulia aenea, Libellula qua-
drimaculata, and Leucorrhinia dubia, were recorded from one to four lakes and their larvae
were collected repeatedly in different seasons and/or years. P. nymphula and Ae. cyanea
show wider ecological range by often inhabiting lake outlets (in five and four lakes, respe-
ctively), whereas some other species, such as Coenagrion spp., E. cyathigerum, C. aenea, S.
metallica, and L. quadrimaculata, colonise lake outlets only exceptionally. Larvae of two
species, Ae. juncea and L. dubia, were not found in lake outlets at all (Table 7). Inlets were
nearly free of dragonflies; only eurytopic Ae. cyanea and S. metallica were found there. In-
lets represent rather unsuitable habitat for dragonfly larvae due to lack of submerged vege-
tation, rough substrate, and relatively high current velocity. Their colonisation seems to be
quite exceptional or, most likely, of temporal character.

(ii) Species able to colonise lakes but temporal character of colonisation cannot be exclu-
ded. Such species are probably not able to finish their complete life cycle or emergence and
their survival to next generation seems to be restricted. Classification into the groups of in-
dividual species is rather tentative, since no regular sampling during one or several seasons
is available and thus survival of larvae cannot be properly determined. Consequently, some
species might actually belong to permanent but rare inhabitants of lakes as characterised in
the former group. We assigned to this group Sympetrum sanguineum, which was collected
in larval stage only once in Grosser Arbersee and imagines were neither collected nor ob-
served. Further, Lestes sponsa were collected only once in larval stage in Prasilské Lake and
in imaginal stage in Laka Lake and Grosser Arbersee. Larvae of Aeshna caerulea were
found in Prasilské Lake and Rachelsee and incidentally in Plesné Lake in imaginal stage. L.
sponsa and S. sanguineum belong to the most common species of Odonata within the Czech
Republic. They represent eurytopic species inhabiting various types of standing waters
(MERRITT et al. 1996, Askew 2004, DkSTRA & LEVINGTON 2006, Dorny et al. 2007). They
occur predominantly at lowland and colline localities, approximately 90% of findings in the
Czech Republic refer to the altitude up to 600 m. a.s.l. (DoLny et al. 2007). The occurrence
of larvae above 1000 m in montane glacial lakes is quite incidental and long-term survival
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of their populations can be limited. In contrast, A. caerulea is a stenotopic species known
from three isolated montane areas within the Czech Republic at the altitudes of 1025-1135
m a.s.l., which include the Bohemian Forest (DoLNY et al. 2007). Its larvae live in small
water bodies of the area 5-50 m?and pools in peat bogs and prefer open and insolated places
sparsely overgrown with Pinus mugo (Dorny et al. 2007). Such habitats are obviously mis-
sing in the vicinity of Rachelsee, Prasilské, and Plesné lakes.

(ii1) Species collected only in imaginal stage that probably do not reproduce and oviposit
in the Bohemian Forest lakes. Their occurrence is incidental being apparently related to
some type of migration or foraging. Five species can be ranked within this group of species:
Ischnura pumilio, Aeshna grandis, Ae. subarctica, Orthetrum cancellatum, and Sympetrum
danae (Table 7). Most of them are not able to reproduce, survive and even to oviposit, be-
cause of a lack of suitable habitats. The places of their occurrence in the vicinity of the Bo-
hemian Forest lakes represent their epiarea only. For instance, the occurrence of Orthetrum
cancellatum at Plesné Lake exceeds the altitudinal limit of the species in the Czech Repub-
lic. The locality of highest altitude known so far is 940 m a.s.l. (Novy Svét — Chalupska slat,
6947, DoLNY et al., 2007). Moreover, larvae require shallow habitats not yet overgrown with
submerged aquatic vegetation.

Disputable species and entomofaunistics

The most disputable finding is that of Aeshna viridis collected by SEnoo (2009) in an outlet
of Cerné Lake, which would represent a desirable new species to the fauna of the Czech
Republic. Ae. viridis represents a Palaearctic, (West)Siberian species extending from north
and eastern Europe (Belarus, Poland, western Ukraine), south to the Carpathians (Hungari-
an Plain) and northern Balkans, with scattered and isolated subareas in Denmark, the Ne-
therlands, northern Germany and Austria, but completely missing in the Alps (ScHMIDT
1975, Askew 1988, 2004, HAMALAINEN 1983, GorB et al. 2000, DuksTRA & LEVINGTON 2006).
In the Czech Republic, it can be expected especially in the Sudetes (cf. DoLny et al. 2007),
because the nearest locality to the territory of the Czech Republic (Wggliniec near Jelenia
Gora in Poland) is situated about 30 km north of the border (cf. Borkowsk1 1999, Dorny et
al. 2007). Its occurrence just in the Bohemian Forest lakes seems to be unlikely. This steno-
topic species breeds in standing, acid to neutral moorland water bodies of the type often
frequented by Aeshna juncea but only at low altitude (Askew 1988, 2004). Contrary to other
species of Aeshna showing little preference for particular plants, females of Ae. viridis pre-
ferably oviposit in submerged leaves of Stratiotes alboides (missing in the littoral of the la-
kes and banks of their inlets and outlets) although Typha and Sparganium may also someti-
mes be used (ScHIEMENZ 1953, NorLING 1971). The nearest localities to the Bohemian Forest
are located near Vienna in Austria. However, it inhabits quite different habitats there being
found mostly in backwaters of colline and lowland mid-sized rivers (RaaB et al. 2006). His-
torically, Ae. viridis have been recorded from the Czech Republic but the re-examination of
the material in question shows it actually belongs to Ae. cyanea (cf. PERUTIK 1957, JEZIORSKI
1998, DoLNY et al. 2007).

Findings of dragonflies in the Bohemian Forest lakes contribute to the mapping of the
distribution of individual species within the Czech Republic. Since there are long-term ex-
tensive mapping programs of Odonata based on the widely used uniform grid system (ZELE-
NY 1972, BUCHAR 1982, ZELENY & PULPAN 1982, SoLDAN 1980) that have cumulated more than
70 000 records (HANEL 1995a,b, HANEL & ZELENY 2000, DorLNY et al. 2007), we are able to
add some new “quadrate records”. It concerns the quadrates 6845 (Laka, Cerné, and Certovo
lakes), 6946 (Prasilské Lake), and 7249 (Plesné Lake). From the quadrate 6845, Ae. subarc-
tica was recorded for the first time (otherwise known from the quadrates 6947, 7046, and
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7149). In the quadrate 6946, there were no new species, since a detailed attention has been
paid to this area (PEruTik 1957, HoLuda 1996, 2000) and at least 16 species have been collec-
ted here (ZELENY & HaNEL 2000, ZELENY 2004a, DoLny et al. 2007). Eight of them had been
collected before 2000 in Cerné and Laka lakes (6845). New “quadrate records” were acqui-
red from the quadrate including Plesné Lake (7249) that have been relatively overlooked by
odonatologist in the past — there are no data on the occurrence of dragonflies except for
Coenagrion hastulatum and Sympetrum flaveolum (Linnaeus, 1758) (HANEL & ZELENY 2000,
Dotrny et al. 2007). Five species (deshna cyanea, Ae. subarctica, Libellula quadrimaculata,
Somatochlora metallica, Sympertum danae) found in Plesné Lake are recorded from the
quadrate 7249 for the first time. As far as we know, no data on the Odonata occurrence have
been published from the German lakes yet. Consequently, all finding of dragonflies (altoge-
ther 15 species, Table 7) in German lakes represent new “quadrate records”.

Detailed and extensive knowledge of the distribution of dragonflies in the Czech Republic
(HaNEL & ZELENY 2000, DoLnyY et al. 2007) enable to predict several species very likely
occurring in the Bohemian Forest lakes. Given the distribution of dragonflies in the quadra-
tes where the lakes are located in and high vagility of many species, there are at least seven
species the occurrence of which seems to be likely in the lakes and their inlets and outlets.
Beside Cordulegaster bidentata Sé€lys, 1843 and Ae. affinis Van der Linden, 1823 collected
at the Prasily village (Kres¢i 1892), these are Somatochlora alpestris (Sélys, 1840), S. arcti-
ca (Zetterstedt, 1840), Anax imperator Leach, 1815, and Libellula depressa Linnaeus, 1758,
known from the quadrate 6845 (Laka, Cerné, and Certovo lakes) and 6946 (Prasilské Lake),
and Sympetrum flaveolum (Linnaeus, 1758) from the quadrate 7249 (Plesné Lake). Especi-
ally S. alpestris could occur in the lakes, because the habitat fully corresponds to species
requirements and it could escape our attention. Contrary to S. arctica that prefer very small
peat bog water bodies (usually up to 1 m?) and are usually not accompanied by larvae of any
other dragonflies, larvae of S. alpestris inhabit larger water bodies. They are often accom-
panied by Aeshna juncea, Ae. subarctica, Enallagma cyathigerum, and Leucorrhinia dubia
(WiLDERMUTH 1987, BrockHAUS 1994, HoLusa 1995, 1997, ZeLEny 2004a, PETR 2000, DuksT-
RA & LEVINGTON 2006, DoLnY et al. 2007), which inhabit our lakes. Both species of the genus
Somatochlora have been collected in Strbské Pleso Lake in the High Tatra Mts. (Trris 1965,
StrAKA 1990).

Similar species, the occurrence of which cannot be excluded especially in the German
lakes, is Erythromma lindenii (Sélys, 1840) of the family Coenagrionidae. This rather Me-
diterranean (or submediterranean, Westmediterranean according to DoLNY et al. 2007) spe-
cies is widespread from the Iberian Peninsula and north Africa across southern Europe to
Balkans (northern area limits in Romania, Burimar 1984), Turkey and Syria, with isolated
subareas in Bavaria, Austria, Poland and north Germany (considered a separate subspecies,
E. lindenii lacustre Beutler, 1985 in the latter case). Recently it occurs in at least 15 quadra-
tes in Bavaria, some of them (6339, 6741, 6742) are situated in the Regen (Rezn4) River basin
close to the Czech border (Askew 1988, 2004, KuaN & BurBacH 1998, BErRNARD 2000,
Brocknaus & FisHer 2005, RaaB et al. 2006, Dorny et al. 2007). Larvae prefer slow-flowing
rivers and larger mesotrophic standing waters. They require habitats overgrown with rich
vegetation and well oxygenated water.

Composition of taxocenoses and species abundance

There are no data on long-term changes in composition or abundance of dragonflies in the
studied lakes. Judging from the comparison with the records published by Kres¢i (1892) and
Horusa (2000), there are no pronounced changes in species composition within the past
century. Acidification of aquatic habitats probably did not affect dragonflies as severely as
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other aquatic biota. The most frequent and abundant species in the Bohemian Forest lakes
belong to Coenagrion hastulatum-Leucorrhinia dubia-Aeshna juncea taxocenosis (accor-
ding to the classification by HANEL & ZELENY 2000) inhabiting mires. It includes particular-
ly acidotolerant species (often tyrphobiont and tyrphophilous species). The group of species
occurring together with the three above mentioned species includes Aeshna subarctica, Sym-
petrum danae, Enallagma cyathigerum, Cordulia aenea, and Libellula quadrimaculata.
Generally, species inhabiting (or specialised on) different mire habitats are obviously able to
realise their life cycle at water pH of 4.0-5.0 as shown for at least 8 species, the larvae of
which have been collected in these habitats (cf. PETR 2000, DoLnyY et al. 2007). These very
tolerant species are often supplemented by eurytopic species able to live from eutrophic to
dystrophic waters (e.g., Pyrrhosoma nymphula, Ischnura elegans, Aeshna cyanea, Somato-
chlora metallica), which are the most frequent species in the lakes.

The only quantitative data by HorLusa (2000) indicated dragonflies to be relatively sparse
at all the localities investigated. He found low densities of most species, except for the com-
mon species Pyrrhosoma nymphula in Prasilské and Laka lakes. According to our opinion,
the most abundant species in the Bohemian Forest lakes is Aeshna cyanea, eurytopic speci-
es in the whole Czech Republic (DoLnY et al. 2007). Larvae inhabit not only lakes themsel-
ves but, contrary to most other species collected, also pools and temporary pools in the
close vicinity of lakes. The species occurs in all the lakes investigated, showing apparently
higher densities in German lakes, particularly in Rachelsee. Larvae prefer the littoral with
both submerged and emerged vegetation, but frequently occur at places without vegetation,
at stony bottom with sparse organic debris. In Rachelsee, we estimated their densities in
October 2007: they reached 20—50 ind.m™ at places overgrown with plants but only up to
10-20 ind.m™ at places free of vegetation. In lakes with sparse occurrence of larvae (e.g.,

v

Certovo Lake), they exhibited much lower densities (several specimens per square meter).

Fig. 13. Considerable differences in colour patterns of the larvae of Aeshna cyanea collected from different
substrata (see text for details).
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We have noticed considerable differences in colour patterns of the larvae apparent especial-
ly in large and ultimate size cohorts (probably 3-year-old larvae). Those collected in vegeta-
tion were generally lighter, dark yellowish to light brownish with well apparent light, pale
yellowish to whitish spots on head, thorax and abdominal terga. On the contrary, larvae
collected from stony substrata and compact rock were generally darker, brownish to pitch
brown or blackish with less numerous diffused or even hardly distinguishable lighter colour
patterns; numerous transitory types between these “extremes” can be observed (Fig. 13).

Stoneflies (Plecoptera) — J. Bojkova
Species richness

Besides two species determined only at the generic level (Perla sp. and Nemoura sp.), alto-
gether 13 species of 6 genera and 4 families have been found in the littoral zone of lakes
(Tables 4, 8). Additional 19 species and 3 taxa determined to the generic level (Isoperia sp.,
Amphinemura sp., and Protonemura sp.,) were recorded in lake inlets and outlets. The share
of species of the Bohemian Forest lakes of the total species diversity of the Czech Republic
can be estimated at 32%, although there is no up-to-date list of Plecoptera (Rauser 1977,
MALENOVSKY et al. 2012). It represents more than 40% of species known from the Bohemian
Forest (75 species; SoLDAN 2004). Almost all species that inhabit small streams and springs
in the Bohemian Forest also occur in the lakes. Leuctra dalmoni was recorded in the Bohe-
mian Forest for the first time. Hardly any of the stonefly species found deserves a special
faunistic attention with the exception of Leuctra alpina. It exhibits conjunctive area in the
Alps in France, Switzerland, Germany, and Austria with a disjunction to the Bohemian Fo-
rest (PAPACEK & SOLDAN 1995, GraF et al. 2009).

The most valuable historical data on stoneflies were recorded by KRELINOVA (1962). Howe-
ver, some of her determinations represented a misidentification due to an objective lack of
knowledge at that times and the fact that some of species living here had not yet been descri-
bed (for more details, see Boikova 2009). First of all, this is the case of misidentified Leuct-
ra handlirschi Kempny, 1898. This species actually lives in the Alps and does not occur ei-
ther in the Bohemian Forest or the Czech Republic. This misidentification was followed by
several authors dealing with Plecoptera of the lakes (SoLDAN 1996, VRrBa et al. 2003a, NEDBA-
LovaA et al. 2006, SEnoo 2009). The species living in the Bohemian Forest lakes and their
inlets and outlets actually is Leuctra pusilla, which was described from the Carpathians
(KrNo 1985), and has not been known from the Czech Republic till present (Bojkova
2009).

Stoneflies of the lake littoral

On average six species were found in the lake littoral. The highest number of species was
recorded in Prasilské Lake (11 species). Generally, fewer species were found in the German
lakes (1-3 species) probably due to a short history of research of these lakes (no data avai-
lable from the period before the impact of acidification) as well as their (peaty) littoral, less
favourable for stoneflies. The majority of species were collected in imaginal stage by
sweeping. Despite a low vagility of stoneflies, these imagines could reach the lake littoral
from running water habitats nearby. Correct information on the diversity of lakes gives the
data based on semiquantitative samples of larvae (E. Kfelinova, M. Jezberova, T. Soldan,
and L. Ungermanova leg.; Table 8). Only four species have been found in the larval stage in
the littoral zone of lakes: Nemoura avicularis, N. cinerea, Nemurella pictetii, and Leuctra
nigra. Eurytopic N. cinerea and N. pictetii were common and abundant inhabitants of the
lakes; they were found repeatedly in all of them. They are the only stonefly species widely
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occurring in standing waters across their whole area (both species are Euro-Siberian). Un-
like V. cinerea, N. pictetii is not a ubiquitous species, because it is not resistant to pollution.
Larvae of L. nigra were found in three lakes (Cerné, Certovo, Prasilské). Mass occurrence
was observed along inlets flowing through sedge belt of the littoral of Laka Lake and Kleiner
Arbersee, but no larvae were collected in the lakes themselves. It was also common in inlets
of other lakes. L. nigra has rarely been found in standing waters. Its larvae prefer springs and
small streams and dwell in sandy deposits and coarse organic matter (Boskova & HELESIC
2009, GraF et al. 2009). In the studied lakes, L. nigra was collected only in coarse woody
debris near inlets. These three species are resistant to acidity and often predominate in very
acid waters (BRaukMann 2001, THomsEN & FRrRIBERG 2002, Tixier & GueroLD 2005). Predo-
minance could be related to a release of competitive interactions or predation pressure in
acidic habitats from those species intolerant to low pH (Braukmann 2001). These species
are, however, negatively affected by acid conditions due to low food quality (Groom & HiL-
DREW 1989, THoMSEN & FrIBERG 2002). The fourth species found in the larval stage is N.
avicularis, which inhabit Cerné and Certovo lakes. It is a common inhabitant of lacustrine
habitats in Scandinavia and Great Britain (e.g., BRiTTaIN 1973, LiLLEHAMMER 1985). It prefers
oligotrophic lakes from lowlands to montane zones (BRODERSEN et al. 1998, Zwick 2004), but
it was not recorded from alpine lakes in the Alps and the Tatra Mts. (cf. FUREDER et al. 20006,
KRrno et al. 2006). Similarly to the above mentioned species, it is acid resistant (BRAUKMANN
& Biss 2004, Tixier & GUEROLD 2005).

The remaining species referred as lake inhabitants by KRELINOVA (1962) were collected
only in the imaginal stage. Moreover, they were often collected singly and mostly females
occurred. Since females can fly more intensively than males, incidental occurrence on the
lake shore cannot be excluded. These species can be expected to develop in the mouths of
inlets and littoral zone in the immediate vicinity, e.g., Leuctra spp. (L. aurita, L. autumnalis,
L. digitata, L. fusca, L. inermis, L. pusilla), Protonemura spp. (P. auberti, P. hrabei, P. mon-
tana), and Nemoura marginata. Indeed, larvae of L. pusilla, L. inermis, and P. auberti were
collected in inlets close to the lake littoral.

On the other hand, a female of Capnia vidua found in Cerné Lake in the vicinity of an
inlet can be expected to dwell in the lake itself, as it was found in many mountain lakes (19
of 45 lakes investigated) in the Tatra Mts. (Krno et al. 2006). Imagines of C. vidua were
found in inlets of five lakes, but larvae were found neither in inlets nor in lakes. However,
this species emerges in early spring and can be overlooked by late sampling. Also Leuctra
digitata was not found in larval stage although its imagines occur relatively numerously in
the lake littoral. Both males and females were collected on sedges next to an outlet of Laka
Lake and in a waterlogged shore of Prasilské Lake, where the main inlet enter the lake. Also
KRELINOVA (1962) collected imagines along the shore of Prasilské Lake and labelled the ma-
terial by this lake. In our opinion, larvae of this species most likely develop in shallow vege-
tated littoral near inlets and outlets, albeit in low numbers, so that they are not detectable by
sampling with a net. Boskova (unpubl.) observed a similar case in the Krusné Hory Mts.
(Erzgebirge/Ore Mts.), where larvae dwelled in silty littoral with water seepages of acidic
oligotrophic mountain pond Lieche (Rolavsky Rybnik). L. digitata was found in high num-
bers also in acidic, peaty outflows of moorland and fens overgrown by sedges (Krusné Hory
Mts. and Beskydy Mts.; BoskovA, unpubl.). Imagines of Leuctra pusilla and Protonemura
auberti were repeatedly collected in the lake littoral. Both species prefer small streams with
a significant share of coarse particulate organic matter, and stony-gravel (L. pusilla) or gra-
vel-sandy substrate (P. auberti). Their larvae can be expected to survive in low numbers in
the mouths of inlets with these substrates.
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Impact of acidification

The comparison of Plecoptera taxocenoses of lakes before and after the acidification is possi-
ble especially owing to KRELINOVA (1962) who collected material in some of the Czech lakes
in the 1950s and 1960s. Although lake stoneflies, as well as mayflies and caddisflies, have
been studied as a part of extensive research of aquatic insects of the Czechoslovakia, the data
collected are rather fragmentary or not fully compatible when analysing long-term changes.
There is no historical information on stoneflies of the German lakes and some Czech lakes
were studied only occasionally in the pre-acidification period. Changes in species richness
and composition of Plecoptera taxocenoses over the past 110 years are possible to evaluate
regarding Cerné and Certovo lakes. A reliable comparison of the 1950s and recent data is
possible to make for Prasilské and Cerné lakes, and plausibly also for inlets of Cerné Lake,
while the material from other Czech lakes collected in the 1950s is incomplete. In spite of
these rather fragmentary data, several trends are obvious.

At the end of the 19" century, Fri¢ & VAvrA (1897) found the only acid sensitive stonefly,
Perla sp., in Certovo Lake. Species of this genus never occur in acidified waters (BRAUK-
MANN 2001, Tixier & GueroLD 2005). For instance, a considerable decline of a montane
stonefly Perla grandis Rambur, 1842 has been observed in acidified streams in Bohemia
(Boskova & Kroca 2011). This species completely disappeared from historical localities in
the Krkonose (Giant) Mts., which were strongly affected by acidification in the second half
of the last century. KLaraLex (1903) found Chloroperla tripunctata in the outlet of Certovo
Lake at the beginning of the 20" century. This species is considered relatively acid sensitive
showing a strong preference for the higher pH streams within the range of pH 4.2-6.9 in
Wales and Scotland (WEATHERLEY et al. 1993). The species was also found to re-colonise
acidified streams after decreasing emissions of acidifying pollutants and increasing pH in
lakes and streams in the English Lake District (TippING et al. 2002). Both stoneflies unlikely
inhabit lacustrine habitats, but strong acidification of Certovo Lake undoubtedly caused
their vanishing from lake inlets and outlet. This indicates, in spite of fragmentary informa-
tion on the reference state of habitats and taxocenoses that the diversity of lakes and surroun-
ding aquatic habitats could change considerably. Acid resistant species, Nemoura avicularis,
N. cinerea, and Nemurella pictetii found by KRELINOVA (1962) in the 1950s, were most likely
present much earlier but not distinguished to the species level. Fri¢ & VAvra (1897) mentio-
ned the larvae of Nemoura sp. These species were re-collected in the 1990s and 2000s,
while their populations were probably reduced at the time of strong acidification of lakes.
They were not repeatedly found in all lakes and were collected in much lower abundance in
the late 1980s and the 1990s (SoLDAN, unpubl. data).

The decline in species richness and probably also abundance of some species can be do-
cumented by the example of Prasilské Lake. Altogether 12 species were collected there in
the 1950s (KRELINOVA 1962, Table 8), though definitely not all of them lived in the lake itself
and some species reached the lake littoral from its inlet as mentioned above. The lake and its
inlet were repeatedly investigated after 1990 and only six species were found: Nemoura ci-
nerea, Nemurella pictetii, Protonemura auberti, Leuctra aurita, L. digitata, and L. nigra.
Moreover, L. aurita was collected as a single female, while a relatively rich population was
observed in the 1950s (tens of specimens present in the Kielinova’s collection). Stoneflies as
a group are generally considered acid tolerant (Rappum 1980, Rappum et al. 1988, OKLAND
& OxrLaND 1986, BRAUKMANN 2001). However, individual species differ in their sensitivity
to the impacts of acidity on the smaller scale than other invertebrates; although the scaling
and definition of tolerance is not easy and globally valid (TixiEr & GuEroLD 2005, BRAUK-
MANN 2001, RApDDUM & SKIELKVALE 1995, HAMALAINEN & HUTTUNEN 1996). Beside several
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species tolerant or indifferent to acidity and two genera of truly sensitive stoneflies (Perla
and Dinocras), there are many species “slightly acid tolerant” and “relatively acid sensitive”.
Twelve species found in Prasilské Lake include the examples of several species of different
sensitivity and/or tolerance. N. cinerea, N. pictetii, and L. nigra represents the most acid re-
sistant (or indifferent) stoneflies. Horecky et al. (2002, 2006) observed their larvae to survi-
ve in the habitats with pH about 3.9-4.4 at several localities in the Brdy Mts. in the Czech
Republic. Protonemura auberti, Diura bicaudata, and Brachyptera seticornis are common
inhabitants of oligotrophic montane and submontane headwaters, which are acid tolerant due
to naturally lower and/or seasonally variable pH of these habitats. The last resistant species
found before and after the period of strong acidification is Leuctra digitata, which is an
example of eurytopic species able to live in wide range of water quality. Its larvae can sur-
vive considerable salinity of 4.2%o (MULLER & MENDL 1979) and can occur in temporary
acidic outflows of moorland and fens (Boskova, unpubl.). Species considered slightly acid
tolerant were not found recently at all (e.g., Profonemura montana, P. hrabei, Leuctra fusca)
or were found in a single specimen (L. aurita) in Prasilské Lake. These species still occur in
circum-neutral running waters in the Bohemian Forest close to areas affected by acidificati-
on.

Such a local decline in tolerant species can be observed in the inlets of Cerné Lake. Com-
mon species of oligotrophic montane headwaters that were naturally tolerant (e.g., Leuctra
pusilla, L. rauscheri, and P. auberti) survived. However, other species also expected to be
relatively tolerant (e.g., Leuctra hippopus and Protonemura intricata) disappeared. These
inlets are rather marginal habitats where these species might not survive impacts, which
could be tolerated in their optimal habitats.

Aquatic and semiaquatic bugs (Heteroptera) — M. Papacek

The first records on water bug fauna of the Bohemian Forest glacial lakes have been publis-
hed already more than 160 years ago (Table 9). They include mostly records on a single or a
few species, namely Glaenocorisa propinqua, Notonecta glauca, Aquarius paludum, and
Velia caprai, yet referred under different names (cf. FiEBer 1848, Fri¢ & VAvra 1897). De-
spite of a relatively long history of research, earlier literature data on other species remained
very limited. More comprehensive data on the water bug fauna became available as late as
after 2000. The data from the period 2000-2009, similarly as earlier data, are based mostly
only on the samples collected in the littoral zone of the lakes.

Species richness

Altogether 34 species of water bugs have been found in the Bohemian Forest lakes (Table 9):
23 species of true water bugs (= aquatic bugs; Nepomorpha) belonging to 11 genera and 5
families, and 11 species of semiaquatic bugs (Gerromorpha) belonging to 7 genera and 4
families. The nepomorphan species found in the lakes represent about 88% of the Nepomor-
pha fauna of the Bohemian Forest and about 49% of fauna the whole Czech Republic, calcu-
lated from the complete list of true water bugs of the Czech Republic fauna, which also in-
cludes unconfirmed data. When excluding the unconfirmed data, 23 true water bug species
match about 53% of the Czech Republic Nepomorpha. Eleven gerromorphan species found
in the lakes represent about 58% of gerromorphan fauna of the Bohemian Forest and its fo-
othills, as well as the whole Czech Republic Gerromorpha, including only species with well
documented occurrence (see PAPACEK & SoLDAN 1995, 2003; SoLDAN et al. 1996).

A list of species found in more than two lakes is presented in Table 10. Seventeen water
bug species, i.e. 50% of the whole water bug fauna of the lakes (13 species, i.e. 52% of aqua-
tic and 4 species, i.e. 36% of semiaquatic species) inhabited three or more lakes. Twelve
species (36%) were recorded commonly in 5-8 lakes.
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Table 10. Most frequently distributed species of aquatic and semiaquatic bugs (Heteroptera) in the Bohemian
Forest lakes (recent state in 2011; a number of lakes, where the species was recorded till 1999, is given in
parentheses).

Number of lakes Nepomorpha Gerromorpha
8 Sigara nigrolineata (2) -
7 Glaenocorisa propinqua (4) -

Sigara distincta (0)
Sigara fossarum (0)
Notonecta glauca (4)

6 Sigara lateralis (3) -
Sigara semistriata (0)

5 Callicorixa praeusta (3) Gerris lacustris (0)
Hesperocorixa sahlbergi (3) Gerris odontogaster (2)
Sigara falleni (0)

4 Paracorixa concinna (1) Aquarius paludum (2)

3 Corixa dentipes (0) Microvelia reticulata (1)

Glaenocorisa propinqua and Sigara distincta are highly acid-tolerant inhabitants of deep
open and cold meso- to oligotrophic lentic habitats. S. fossarum occurs especially in oligot-
rophic and dystrophic habitats including acidified waters.

Callicorixa praeusta, Hesperocorixa sahlbergi (species preferring forest shaded ponds
with rich vegetation), Paracorixa concinna, Sigara falleni, S. lateralis (species preferring
shallow water bodies without vegetation), S. nigrolineata, S. semistriata, and Notonecta
glauca represent (relatively) eurytopic acido-tolerant species, which inhabit also waters at
higher altitudes in mountains. All these species are good to outstanding migrants. Most of
them prefer water bodies with the bottom covered by organic matter or sand.

Gerris lacustris and G. odontogaster, recorded from five lakes, are relatively common and
widely distributed semiaquatic bugs. G. lacustris inhabits both lentic (especially) and lotic
habitats with littoral vegetation that are sheltered from adjacent landscape by forest or trees.
G. odontogaster is known only from lentic habitats, often accompanying G. lacustris. Popu-
lations of these species were extremely low in lakes that are poor in littoral vegetation.

Aquatic bug Corixa dentipes and semiaquatic bug Microvelia reticulata were found in
three lakes. C. dentipes is a relatively stenotopic species preferring lentic water bodies with
rich littoral vegetation. This species is known also from peaty habitats. M. reticulata prefers
the littoral overgrown with rich vegetation, which occurs especially in Laka, Plesné, and
Prasilské lakes, where both species were found syntopic.

Habitat characteristics of species presented in Table 10 generally follow the review by
KMENT (2001) and data by WRrOBLEWSKI (1980), Savace (1989), PAPACEK (1991), WOLLMANN
(2000), and KMENT & SMEKAL (2002). More detailed characteristics of the most abundant or
rare species are treated below (see Rare species and taxocenoses).

Analysing and comparing habitat characteristics of the water bug species given in Table
10 with both abiotic and biotic characteristics of the lakes, we can state that these habitat
characteristics fully or partly match the characteristics of habitats and microhabitats of the
lakes. These fishless water bodies represent usable environment for (re)colonisation by va-
gile stenotopic water bugs preferring meso- to oligotrophic waters, as well as by eurytopic
species. Thus, only dramatic negative changes in food offer or habitats should be barriers for
long-term (re)colonisation of the lakes.

181



Notes to species found in inlets and outlets

Five species of water bugs were found in lakes outlets: Glaenocorisa propinqua, Sigara ni-
grolineata, Notonecta glauca, Gerris lacustris, and Velia caprai; the latter was a single
species found in inlets (Table 9). G. propinqua is exclusively lentic species. S. nigrolineata
occurs primarily in lentic shallow waters but it is known also from lotic habitats with a neg-
ligible current velocity. Similarly, N. glauca and G. lacustris primarily inhabit lentic waters
(or their surface in the case of G. lacustris), but they are also known from slowly running
parts of lotic habitats or their backwaters (for reviews, see SavaGe 1989, KMenT 2001). Rela-
tively quickly running waters of lakes outlets are not typical habitat for all these species. G.
lacustris can colonise more frequently backwaters of outlets. In my opinion, stream backwa-
ters below the lakes (ca. 1 km downstream) are mostly so small that their size is insufficient
for successful development (due to intraspecific competition, cannibalism) of this species.
The species mentioned above inhabit only (the former two) or primarily (the latter two) still
waters or their surface; most probably can be accidentally drifted from the lakes downstre-
am to their outlets. In contrast, the water cricket V. caprai is a characteristic species of lotic
habitats — small streams and rivulets. It normally inhabits shaded water surface of slowly
running waters and backwaters (DiTricH et al. 2008). Some specimens can drift from inlets
into lakes or colonise lakes by terrestrial upstream movement from outlets (see DiTRICH &
ParacEk 2009).

Rare species

Six rare species are known from the lakes, some are considered endangered or vulnerable
(see KMENT & ViLimova (2005) and the chapter Species protection).

Cymatia bonsdorffii is a predaceous bivoltine species that overwinters in imaginal stage.
It has North Palaearctic distribution and southern limits of its area run through central Eu-
rope (JanssoN 1986, 1995). The Bohemian Forest and Novohradské Hory Mts. represent the
southernmost limit of its area (PAPACEK & SOLDAN 1995, 2003, SOLDAN et al. 1996, PAPACEK
2004). This species inhabits different types of stagnant waters, mostly oligotrophic, mesot-
rophic and also dystrophic (for review, see KMENT & SmEkAL 2002). The species was repea-
tedly collected in Laka Lake that have some shore parts and floating isles formed by peat
moss. UNGERMANNOVA (2009) found a single specimen of C. bonsdorffii also in Grosser Ar-
bersee. This species is also known from the Rokytska Slat’ mire in the Bohemian Forest
(PAPACEK & SOLDAN 1995) and two localities of the Novohradské Hory Mts. (PaPACEK 2002;
this area is geographically adjacent and geomorphologically closely related to the Bohemian
Forest).

Glaenocorisa propinqua is a predaceous pelagic univoltine or somewhere maybe partly
bivoltine species overwintering in imaginal stage. This boreo-alpine species with disjuncti-
ve distribution (see Jansson 1986, 1995) occurs in deep oligo- to mesotrophic lakes including
artificial ones in central Europe. AUKEMA (pers. comm.) observed the species also in smaller
water bodies with depth of about two meters and sandy bottom in the Netherlands. It is high-
ly acid-tolerant, can survive and reproduce at pH round 3 (see WoLLmanN 2000), and is
probably tolerant to changing water chemistry (for review, see KMENT 2001). G. propinqua
was found to be the dominant and top invertebrate predator in acidified fishless lakes in
Scandinavia (HENRIKSON & OscarsoN 1981). Structure and dynamics of its populations is not
influenced directly by acidity but indirectly affected by food availability, food web structure,
and habitat characteristics (HENRIKSON & OscARsON 1981, PAPACEK & SoLDAN 1995).

For the first time, G. propinqua was recorded from Deschenitzer See (a historical name of
Cerné Lake; F.A. Kolenati leg.) sub Corisa carinata by FIEBer (1848; cf. RouBAL 1957, JaNs-
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Table 11. Selected characteristics of a structure of true water bug taxocenoses in the littoral zone of four
Bohemian Forest lakes (see Table 1 for their codes); shares (%) of species imagines in semiquantitative
samples from the 2008 season (modified data from TexrLovA 2010).

Species / Lake CN CT PL PR
G. propinqua 8 <2 <1 5
S. distincta 2.6 23 <1 10
S. falleni <1 <1 <1 5.8
S. fossarum 44 17 <1 29
S. nigrolineata 43 56 98 46
Other spp. 1.4 1 <1 4.2
Index of diversity 1.126 1.068 0.091 1.442
Index of equitability 0.513 0.663 0.044 0.684

soN 1986). Fric & Vavra (1897) noted large swarms of Glaenocorisa in Cerné and Certovo
lakes. RouBaL (1957) reviewed literature data on findings of this species from 1884 to 1957.
Jansson (1986) designated a specimen from Plesné Lake as neotype of G. propinqua. In the
1990s and 2000s, the species was collected only individually or several specimens (PAPACEK
& SoLpAN 1995, 2003, SoLDAN et al. 1996, PAPACEK, unpubl.) in the littoral zone of the studied
lakes, as well as in the western part of the Krusné Hory Mts. (KMENT & SycHRA, unpubl.).
KuBecka et al. (2000) detected swarms of Glaenocorisa also by echo-sounder and ichthyo-
plankton net in the pelagial of Prasilské Lake and the Joseftiv Dl reservoir (Jizerské Hory
Mts.). Recent sampling by series of water light traps, placed in transects at different depth,
carried out within a study on spatio-temporal distribution of G. propinqua, has shown that
the species occurs in Cerné, Certovo, Laka, Ple$né, and Prasilské lakes at high population
densities (PAPACEK, unpubl.). Populations of G. propinqua are so numerous that the species
can play same role of the top invertebrate predator in the lake communities as in acidified
Scandinavian lakes (HENRIKSON & OscarsoN 1981).

G. propinqua is a pelagic species; both imagines and nymphs live in open water. This is
different behaviour in comparison with most other water boatmen that prefer to live on
aquatic plants or at shallow free stony substrates. Consequently, it is relatively difficult to
collect G. propinqua in the littoral zone. Thus, sampling of this species in the littoral zone
and open water by different methods bring quite different results. A single female was found
in Grosser Arbersee by a hand net in 2007 (PaPACEK, unpubl.). Two nymphs of the species
were collected with plankton net in Rachelsee in 2010 (J. Vrba leg., M. Papacéek det.). These
are the first and solitary records of G. propinqua from the German lakes. PETR & PaPACEK
(2006) suggested that very good flight ability of this species is responsible for its outstanding
dispersal potential. Thus, occurrence of G. propinqua in Kleiner Arbersee is very likely, as
well. This is also supported by finding of one male and two nymphs of G. propinqua in a
man-made pond, Zd’arské Jezirko (960 m a. s. 1.; 48°56'N, 13°39'E) in the Bohemian Forest
in 2010 and 2011 (PaPACEK, unpubl.). Contrary to the lakes, this pond is inhabited by a nume-
rous population of insectivorous fish (stocked brown trout) and water bugs are relatively rare
there.

Sigara semistriata is a Transpalaearctic faunistic element. It is phyto- to omnivorous bi-
voltine species overwintering in imaginal stage (KMENT 2001). Although distributed in dif-
ferent freshwaters (JANssoN 1986, 1995, WrOBLEvVSKI 1980, Savace 1989, KMenT 2001), its
densisites are low. HENRIKSON & Oscarson (1981) and WorLrLmann (2000) recorded this spe-
cies together with G. propingua in highly acidified waters. Its occurrence in six lakes (Tables
9, 10) is not surprising.

Two rare yellowish coloured backswimmers, Nofonecta lutea and N. reuteri are preda-
ceous univoltine species overwintering in the egg stage, unlike other central European No-
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tonecta species. Their occurrence is very sporadic in the Czech Republic; however, N. lutea
has been usually sampled at relatively high frequency in southern parts of south and west
Bohemia (ParACEk 2004). Both species are primarily tyrphophilous but they have wider
ecological range (especially N. lutea; for review, see KMENT & SMEKAL 2002). Both species
occur syntopically in pits of peat bogs in the Bohemian Forest; however, individual findings
are also known from localities of different type (KMENT & SMEKAL 2002, PAPACEK 2004). N.
lutea is a Transpalaearctic species (PoLHEMUS 1995b). It was found repeatedly only in Laka
Lake and Grosser Arbersee with large peat moss habitats their littoral (Figs. 8, 10). N. reu-
teri is a North Palaearctic species (PoLHEMUS 1995b) and glacial relict in central Europe
(KMENT & SMEKAL 2002). The single specimen of N. reuteri found in Cerné Lake represents
a “stepping stone” of the species distribution outside the area of its stable occurrence. Simi-
lar single findings of the species in “atypical” localities are known also from the Novohrad-
ské Hory Mts. (see PapACEK 2004).

The semiaquatic bug Gerris lateralis is a species with boreo-alpine distribution, yet rare-
ly found also in lowlands. This water strider produces only one, mainly macropterous gene-
ration per year in colder regions or localities, whereas two generations in the warmer ones.
It occurrs mainly in “marginal” habitats, where it escapes the competition of other pond
skater species (KMENT & SMEKAL 2002, JEziorski et al. 2012). G. lateralis was found only in
one (Plesné Lake) of the lakes. It is relatively abundant in some parts of the Novohradské
Hory Mts. (ParACEK 2004, DitricH et al. 2008, Jeziorski et al. 2012). Since imagines of the
macropterous morph have good vagility, the occurrence of G. /ateralis in (eastmost) Plesné
Lake is not surprising. At least scarce occasional occurrence can be supposed in all remai-
ning Bohemian Forest lakes.

Taxocenoses

Glaenocorisa propinqua is endominant species of water bug taxocenoses in the Bohemian
Forest lakes. As mentioned above, its abundance and dominance is the highest in samples
from open water column, i.e. in “pelagic taxocenoses”, where the species is occasionally
accompanied by Callicorixa praeusta, Paracorixa concinna, and Sigara distincta. Occur-
rence of other water bug species is extremely rare in these taxocenoses.

Water bug taxocenoses of the littoral zones of four Bohemian Forest lakes were described
by TexrovA (2010). Sigara nigrolineata represents a eudominant to dominant species of
these “littoral taxocenoses” (Table 11). It is a West Palaearctic faunistic element, eurytopic
species with outstanding migration ability. It inhabits different types of waters, including
oligotrophic mountain limnocrenes, rain puddles, and peat bog pits, but mostly avoiding
habitats with strong competition of other corixid species (KMENT 2001, PAPACEK & SOLDAN
2003). Other species prevailing in this taxocenoses are as follows: S. distincta, a Transpa-
learctic species preferring open, deeper and colder waters; S. falleni, a Transpalaearctic
faunistic element, eurytopic species preferring eutrophic waters, quite common and probab-
ly most abundant water boatman in the Czech Republic; and S. fossarum, a Holarctic speci-
es inhabiting different types of waters including ditches. Specimens of G. propinqua repre-
sent only a small part of samples from the littoral zones (cf. Table 11).

The least difference between the structure of “pelagic” and “littoral” taxocenoses was
found in the most species-rich (22 species) Laka Lake with distinct morphology (Table 1)
and diverse microhabitats (stony, sandy, swampy, peaty places of the bottom, littoral plants,
floating isles, etc.).

It is apparent that recent taxocenoses of the lakes are predominantly composed of Corixi-
dae (Tables 10, 11). Most of the corixids forming these taxocenoses are detriti-, herbi-, or
omnivorous, depending on the food accessibility. Glaenocorisa propinqua, Callicorixa
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praeusta, scarce Corixa dentipes and C. punctata (Corixidae), are predaceous species as
well as all Notonecta species (Notonectidae), or Plea minutissima (Pleidae). Specimens of
another two predators, Nepa cinerea (Nepidae) and Ilyocoris cimicoides (Naucoridae) were
found only in Laka Lake. All species of semiaquatic bugs are also carnivorous, i.c. predators
to scavengers (for review, see SAVAGE 1989, ParAcEk 2001).

Voltinism and life cycles

Reproduction of water bugs in the Bohemian Forest lakes starts approximately four to six
weeks later compared to lowland populations of the same species. This is caused by more
severe climatic conditions. Low temperatures and long “dark period”, due to long ice and
snow cover in the studied lakes, accelerate the beginning of overwintering, slow down se-
xual maturation, and delay the beginning of mating and oviposition of water bug populations
in spring. In addition, lower water temperatures during summer also extend preimaginal
development. This evidence is based on phenology (analysis of samples during spring, sum-
mer, and autumn), as well as brief examination of gonad development (maturation) in selec-
ted species of water bugs living in the lakes.

Generally in temperate zone, the first (spring) generation of bivoltine corixids maturing
before or around summer solstice can mate and produce the second (summer) generation,
which reproduces after overwintering in the next spring (Young 1965, 1978, JanssoN &
ScupDER 1974, JanssoN 1986, Savace 1989). In the Bohemian Forest lakes, the less favourable
environmental conditions postpone the start of oviposition of both bivoltine and univoltine
corixids to the end of May or even June. Preliminary results of our field observations, phe-
nologic analyses of samples, and gonad examination show that the oviposition period of
overwintering females is long (live eggs were found also during July). Hatching of the youn-
gest nymphs begins in the first half of June. Only one blunt round and low peak of nymph
occurrence was found during summer season. Older nymphs of commonly bivoltine corixids
occur still through September. Emergence of the first newly ecdysed imaginal stages were
noted relatively late, in the second half of July. Thus, the corixid species that are recorded as
bivoltine in lowlands (e.g., S. nigrolineata and S. fossarum) are univoltine or only partly
bivoltine under the conditions of the Bohemian Forest lakes. Nieser (1981) noted similar
findings from the Tyrolean water bodies located at 1200—1300 m a.s.l. and higher.

Light, slowly moving nymphs of the 4" and 5" instar of univoltine, relatively large species
Notonecta glauca, Corixa dentipes, and C. punctata, overwintering in the adult stage, were
found also during whole October every year. Yet it is questionable if their preimaginal deve-
lopment is finished successfully or not.

Changes of taxocenoses during the past two decades

Except for some species, true water bugs (Nepomorpha) are not “true” benthic organisms.
Their hard cuticle and way of air breathing from extra body air bubble removable on water
surface are generally good predispositions for acidotolerace. Predaceous semiaquatic bugs
living on the water surface are even more independent on water quality. Specimens of the
Gerridae sampled in the lakes were mostly macropterous (adults and older nymphs). It indi-
cates that they can well migrate and do not have necessarily tight relations to a lake.
Excluding samples of semiaquatic bugs and comparing only samples of true water bugs
from the beginning and the end of the 1990s (occasional, from littoral zones only) and from
the period of 2007-2011 (semiquantitative or quantitative), we can estimate that the recent
taxocenoses of aquatic Heteroptera are more numerous and species-rich and have somewhat
different structure than twenty years ago. Some water bug species, found only in one, two
or three lakes in the 1990s, have recently been recorded from more lakes (Tables 9, 10). Field
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investigations of water bug fauna had different intensity in Czech and German lakes, as well
as in the early 1990s and in 2007-2011. The water bug fauna were most intensively investi-
gated in the Czech lakes during 2007-2011. Despite the different research intensity compa-
red to the early 1990s, eight true water bug species and two semiaquatic bug species were
newly recorded till 1999. Furthermore, comparing to 1999, twelve true water bug species
(Nepomorpha) and six semiaquatic bug species (Gerromorpha) were newly recorded from
the Bohemian Forest lakes recently in 2011. It means that nearly 53% of species of recent
water bug fauna (52% of nepomorphan and 54% of gerromorphan species) were newly found
in the lakes during the past decade. All these species were found in the littoral zone. Newly
found species are eurytopic or relatively eurytopic (e.g., Sigara falleni, S. striata), as well as
stenotopic (e.g., Notonecta reuteri), including rare species (N. reuteri, Gerris lateralis). Fin-
dings of the lesser water boatman Micronecta scholtzi in Cerné Lake (total 2 macropterous
females, 2 nymphs; 2010, 2011) were surprising. It is commonly known as inhabitant of eu-
trophic waters, not acidotolerant, and distributed mainly in lowlands; yet it is rarely recorded
from saline and dystrophic waters as well (KMenT 2001). Findings of the pygmy backswim-
mer Plea minutissima (Ple$né and Prasilské lakes) and the creeping water bug Ilyocoris ci-
micoides (Laka Lake) are also interesting. Although adults of these water bugs (common and
widely distributed in eutrophic waters in lowlands) are macropterous, they are mostly con-
sidered as flightless by heteropterologists, due to poorly developed flight muscles.

Possible reasons of the above mentioned changes are discussed below (Tracking trends of
recovery of Ephemeroptera, Plecoptera, Trichoptera, and Heteroptera in past two decades).

Alderflies (Megaloptera) and aquatic Netwingflies (Neuroptera) — T. Soldan & J.
Bojkova

Note to contemporary nomenclature

According to recent knowledge, the “Megaloptera” as defined originally seem to be a rather
artificial group, probably not of monophyletic origin. Within the Megaloptera sensu lato,
there are two apparently different taxa clearly defined by a number of autapomorphies (e.g.,
some characters of mouthparts, musculature and skeletal morphology, abdominal terminalia
and types of ovarioles), namely Sialina and Corydalina. Our contribution in fact refers only
to the taxon (order) Sialina comprising the family Sialidae. However, since in all papers
dealing with insects of lakes and in hydrobiological literature in general the taxon Megalo-
ptera is being still largely used, we did so as well, delimiting the order Megaloptera rather in
historical meaning. Similarly, aquatic Neuroptera are frequently called Planipennia in some
higher classifications and ecological contributions as well (e.g., BuLANKOvA 2003a). In fact,
the families Sisyridae and Osmylidae belong to the suborder Osmyloidea, the only higher
taxon with aquatic representatives.

Distribution and biology of Megaloptera (Sialis)

Only two species of alderflies, Sialis lutaria and S. fuliginosa have been found in the Bohe-
mian Forest lakes and outlets, rarely in some inlets (Table 12). The former has been found as
early as at the turn of the 19 century in Cerné Lake (Fric & Vavra 1897) and Grosser Ar-
bersee (KrarALEK 1903). Unfortunately, more data are available only after 2000. Only four
species of the order have been so far recorded from the Czech Republic (VANHARA 1970,
1980, ZELENY 1977, ZELENY & SEDLAK 1980, PREISLER & SpacEK 2001, CHLADEK 2003). Rema-
ining species, S. nigripes Pictet, 1865 and S. morio Klingstedt, 1932 belong to critically en-
dangered species (ZELENY 2005) and there are no data on their occurrence in the Bohemian
Forest, which is rather unlikely, particularly at high altitudes.
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The larvae of S. lutaria live in ponds, lakes and sluggish parts of streams and rivers, whe-
re silt is abundant. They occur in the littoral, sub-littoral, and sometimes also the profundal
zones of lakes, even at the depths of 7-20 m, e.g., in Scandinavian (BERG & PETERSEN 1956)
or Alpine (Du Bois & Grigy 1935) lakes. All instars do not have the same distribution on the
bottom. The larvae in their first year are most abundant in the littoral whereas the larger
larvae in their second year in the sub-littoral or profundal zones, except when they migrate
inshore before pupation in spring (Du Bois & Geigy 1935, BERG & PETERSEN 1956, DALL
1987). The life cycle (10 larval instars) usually takes about two years but a longer period of
three years has been recorded in lakes at high altitudes, e.g, in Switzerland (GEiGy & GROBE
1958). Although the life cycle span was not studied in detail in the Bohemian Forest lakes, a
semivoltine (two year) life cycle can be expected taking into account relative low water
temperature and a long period of ice cover (usually from November till late April). Larvae
of both species (at least those sampled in late spring and late summer) have two distinguis-
hable size cohorts that might represent one-year- and two-year-old larvae. The univoltine life
cycle lasting only one year, with very rapid growth in autumn was observed, e.g., in Den-
mark (IVERSEN & THORUP 1987).

Contrary to S. lutaria, larvae of S. fuliginosa seem to be limited to moderately fast-flowing
streams and the upper reaches of rivers (HoLzer et al. 2002, ELrior 2009). Its life cycle takes
usually two years (KaIser 1961). Analogical habitat preferences of these two species are in
the Bohemian Forest at present: S. fuliginosa was collected in 2 lakes, all 8 outlets and a
single inlet, while S. lutaria inhabited all 8 lakes, 7 outlets and a single inlet (Table 12). Our
data show a clear preference of the former species for running waters like in other places,
where the habitat preference have been studied (HoLzer et al. 2002, ELrior 2009). There are
evidently some places, where larvae of the both species live together in the same mesohabi-
tats. If occurring together at the same place, larvae of S. /utaria were far more abundant than
those of S. fuliginosa. This was well apparent not only in the lake littoral but also in outlets.
For instance, in the outlet of Certovo Lake, generally showing a relatively high density of
Sialis larvae, 75% and 90% of them belonged to S. /utaria in late spring and late summer,
respectively. However, nearly nothing is known about possible competition between the both
species (ELLior 2009) and a study of their spatial distribution is needed.

Both species are considered acid-resistant, also viable in permanently acidic streams
(LARSEN et al. 1996, BRaukMANN 2001). S. /utaria belongs to taxa often found in acid-stres-
sed lakes negatively aligned along the pH gradient in Swedish lakes (Jounson et al. 1993).
Similarly, Krno et al. (2006) considered this species an indicator for strongly acidified lakes
in the Tatra Mts. Although our data on the earlier occurrence of S. lutaria are limited (Table
12), one can suppose that it occurred in the Bohemian Forest lakes continually and survived
all acidification events.

Distribution and biology of aquatic Neuroptera (Sisyra)

Concerning the aquatic Neuroptera, the only record was published by KrarALEK (1903) who
found Sisyra nigra (sub Sisyra fuscata (Fabricius, 1793)) in Grosser Arbersee (Table 12).
According to literature data (HoLzer et al. 2002, WEISSMAIR 1994, 1999), this species posses-
ses a relatively wide ecological range, occurring in running waters including artificial ones,
lakes and fishponds. It is quite possible, however, that this and related species have escaped
our attention since the sampling methods currently used in the lakes are not suitable to detect
larvae. They inhabit and feed on freshwater sponges (Spongillidae) and bryozoans. The
former undoubtedly colonised the lakes in the past, as documented by finding of Spongilla
lacustris Linnaeus, 1758 in Cerné and Certovo lakes (Fric & VAvra 1897). Since then, there
are no reliable data on the occurrence of freshwater sponges in the Bohemian Forest lakes.
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Sisyra species mostly occurs at lower altitudes up to about 600 m, montane habitats are
colonised quite exceptionally (WEissMaIR 1994, 1999). This may not be true within the Bo-
hemian Forest, where three species live at relatively high altitude (900—-1000 m). Sisyra
terminalis Curtis, 1854 occurs, e.g., in an impoundment near Knizeci Plané (PAPACEK &
SoLpAn 2003). ZELENY (2004b) reported this species from the Chalupska Slat’ peat bog near
Borova Lada and futher locality in the Bohemian Forest foothills, where he found also S.
fuscata (Fabricius, 1793). The occurrence of remaining species of aquatic (semiaquatic)
Neuroptera, Osmylus fulvicephalus (Scopoli, 1763) in the studied lakes and surrounding
habitats is unlikely, as the species usually occurs at lower altitudes. However, besides its
relatively abundant distribution in the Bohemian Forest foothills, ZELENY (2004b) found this
species at the locality of Zaton near Boubin Mt. Unlike Megaloptera, the sensitivity of Sisy-
ra or other aquatic Neuroptera to low pH remains unknown.

Caddisflies (Trichoptera) — P. Chvojka

The first mention of caddis larvae (“Phrygandenlarven) from the Bohemian Forest lakes
(Cerné Lake) can be found in Fric (1872). More detailed data were obtained from Cerné,
Certovo, Grosser Arbersee, Laka and Ple§né lakes later (in the 1890s and 1900s; Fric &
VAvra 1897, KLaPALEK 1890, 1894, 1903). Next important records were from the middle of
the last century, when caddisflies were collected in the vicinity of some Czech lakes (Cerné,
Certovo, Laka, Pragilské; Novak 1996). All eight lakes have been investigated more intensi-
vely only during the past two decades.

In total 46 Trichoptera species are known from the Bohemian Forest lakes, 19 of which
inhabit the lakes and 32 their inlets and outlets (Table 13). The occurrence of a boreo-mon-
tane species, Molanna nigra, is particularly remarkable from the point of view of biogeogra-
phy. The species was recently recorded in Grosser Arbersee, Certovo, and Prasilské lakes;
earlier records are known also from Cerné Lake. Several streams above 1000 m a.s.l. in the
Bohemian Forest, including inlets of Cerné and Laka lakes, represent the only localities of
the occurrence of Drusus chrysotus and Acrophylax zerberus in the Czech Republic (Novak
1996, Cuvoika et al. 2009).

Caddisflies of the lake littoral

In most cases, about 9 species were found in a single lake (maximum 12 and minimum 4
species in Grosser Arbersee and Rachelsee, respectively, Table 13). Different number of
species reflects both differences in abiotic conditions of the lakes and attention that has been
paid to study of individual lakes. The lowest numbers of species found in Rachelsee and
Kleiner Arbersee may result from the combination of very short history of investigation of
these lakes and insufficient recent sampling activities.

The most frequent as well as most abundant caddisflies are phryganeids and limnephilids.
Agrypnia varia was recorded from all lakes, Phryganea bipunctata and Limnephilus rhom-
bicus from all lakes with the exceptions of Kleiner Arbersee and Rachelsee, respectively.
These widespread and rather eurytopic species are known from different types of standing
waters, and also from brackish habitats and montane peat bogs (GrAF et al. 2008, CHvoika
2008). Further common species is Oligotricha striata, which is absent only in Cerné and
Certovo lakes. Generally, its larvae can be found in pools, ponds, peat bogs, including stron-
gly acidified waters (WALLACE et al. 1990, WARINGER & GRAF 1997, BRAUKMANN & BIss
2004).

Other frequent species are Cyrnus flavidus, Plectrocnemia conspersa, Limnephilus cent-
ralis, Chaetopteryx villosa, Molanna nigra, Molannodes tinctus, and Mystacides azurea.
The larvae of C. flavidus live among macrophytes in the littoral zone of lakes and slowly
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flowing waters and also in brackish waters (GRrRAF et al. 2008). It represents an acid-tolerant
species with pH optimum 4.8 in Scandinavia (LARSEN et al. 1996). P. conspersa is a wides-
pread and common species in rhithral, crenal and also in the littoral zone of mountain lakes
(FUreDER et al. 2006, KrNo et al. 2006, GRAF et al. 2008). It is a very acid-resistant species
(BraUKMANN & Biss 2004) often abundant in acidic or metal-polluted streams (EpingToN &
HiLprew 1995). In the Bohemian Forest lakes, P. conspersa occurs not only in the lake litto-
ral but it is indeed the most frequent species of inlets and outlets. L. centralis occurs in
temporary pools, marshes, ponds and streams (WALLACE et al. 1990); it is common species
of wetlands in the Bohemian Forest (NovAk 1996) also recorded from several lakes (Table
13). C. villosa, a widespread and common species in running waters and mountain lakes
with stony substrate and organic debris (WALLACE et al. 1990), is abundant also in streams
and lakes of the Bohemian Forest; it is a very acid-resistant species (BRAUKMANN & Biss
2004). Exact requirements of Molanna nigra are insufficiently known, other Molanna spe-
cies and also Molannodes tinctus inhabit stagnant or slowly flowing water with sandy or
muddy substrates (GraF et al. 2008). These species are probably rather acid-tolerant, e.g., M.
tinctus survived in Plesné Lake during a period of strong acidification (CHvoIKA, unpubl.).
Mystacides azurea is common in standing and slowly flowing waters among vegetation,
woody debris, roots, and on muddy and sandy bottom; it is known also from brackish waters
(GraF et al. 2008). Its pH optimum is 5.4 in Scandinavia (LARSEN et al. 1996); it was recor-
ded in strongly acidified Cerné and Certovo lakes in the Bohemian Forest. Limnephilus nig-
riceps was collected in littoral sedgy growth in Grosser Arbersee, Kleiner Arbersee, and
Laka Lake. Generally, this species can be found in still and slowly flowing waters with emer-
gent macrophytes (WALLACE et al. 1990, Grar et al. 2008). Limnephilus coenosus inhabits
pools, marshes, peat-bogs, and lakes at higher altitudes (WaLLacE et al. 1990, WARINGER &
GraAF 1997, Cuvoika 2008), it is characteristic for strongly acidified lakes in the Tatra Mts.
(KrNo et al. 2006). It was regularly collected in Cerné Lake and in some lake inlets. Rema-
ining species listed from the Bohemian Forest lakes were collected only occasionally.

Caddisflies of lake inlets and outlets

Altogether 32 species were recorded from lake inlets and outlets; the number of species va-
ries between 23 and 6 in individual lake catchments. This broad range can be again partly
affected by unequal attention devoted to these study sites. The most frequent species of in-
lets and/or outlets are Plectrocnemia conspersa, Chaetopteryx villosa (both inhabiting also
lakes), and Rhyacophila spp. (R. dorsalis, R. glareosa, R. obliterata, R. praemorsa). All
these species are widespread in the study area (Novik 1996); they are known from periodi-
cally strongly acidic streams (BRAUKMANN & Biss 2004). Another common species is Psilo-
pteryx psorosa which is missing only in inlets of Plesné Lake. Its larvae live in rhithral zone
(GraF et al. 2008). This species is considered an indicator of neutral to episodically weakly
acidic streams (BRaukMANN & Biss 2004); however, it occurs also in strongly acidified stre-
ams in the Bohemian Forest. Drusus discolor, Chaetopterygopsis maclachlani, Pseudopsi-
lopteryx zimmeri, and Parachiona picicornis are also frequent in lake inlets, all these speci-
es belong to acid-resistant aquatic insects (BRAUKMANN & Biss 2004).

The highest diversity of caddisflies (23) was recorded from inlets and outlet of Laka Lake
(Table 13). Philopotamus ludificatus, Sericostoma sp., and Allogamus uncatus has been
found only in the Laka catchment, the former species is classified as a moderately acid-sen-
sitive, two latter as acid-tolerant and acid-resistant species, respectively. Other species recor-
ded (Apatania fimbriata, Drusus annulatus, Odontocerum albicorne), present in Laka, Pra-
Silské, and Grosser Arbersee catchments, are considered acid-resistant (BRAUKMANN & Biss
2004).
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Although trichopterological investigation in the Bohemian Forest (especially in the Czech
part) has got rather long history and caddisfly fauna of this region as a whole has been well
documented (cf. Novak 1996), earlier data from individual lakes or their catchments were
incomplete or even missing. It is difficult to evaluate long-term changes of caddisfly taxoce-
noses in connection with the lake acidification, because the species richness found in indi-
vidual research periods are often influenced by different sampling efforts. Investigations
were not extensive in the past, representative data sets based on imagines collections from
the turn of the 19 and 20® century were obtained only from Grosser Arbersee, Cerné and
Certovo lakes, while data from Cerné, Certovo, and Prasilské lakes from the 1950s are rather
fragmentary. KLapALEK (1890, 1894, 1903) reported 12 species from lakes, of which only
Cyrnus trimaculatus, Lype phaeopa, and Limnephilus decipiens have not been re-collected
later. The former species is a common species in running and stagnant waters preferring
acid ones (LARSEN et al. 1996, GrarF et al. 2008), imagines of the latter were collected in
Grosser Arbersee only sporadically. L. phaeopa is specialised on the xylal microhabitat
(GraF et al. 2008) and its larvae could be overlooked during recent macroinvertebrate sam-
pling.

More intensive investigations started in the 1990s and regular monitoring, involving the
sampling of imagines and larvae of Trichoptera in all the lakes, was carried out only in the
last decade and altogether 15 species were found in this period. Several of them (Holocent-
ropus dubius, Plectrocnemia conspersa, Oligotricha striata, Limnephilus nigriceps, Molan-
nodes tinctus, Mystacides azurea) were not found in the past. Absence of P. conspersa and
M. azurea in Cerné and Certovo lakes during pre-acidification period is particularly remar-
kable; however, we can only hypothesise on the effect of trophic relations in the lakes and
fish predation on littoral populations of caddis larvae by natural or introduced populations
of salmonids (see VrBa et al. 2003a). Abundance of P. conspersa can be greatly reduced due
to fish predation as documented by EpiNngTon & HILDREW (1995). Similar effect can be sup-
posed in the case of O. striata. KLaPALEK (1903) surprisingly did not record this species, al-
though the lakes had humic dark brown water at that time (VrBa et al. 2000), which was
typical habitat of O. striata. Possible changes of caddisfly taxocenoses during recovery of
the Bohemian Forest lakes from acidification in the future will follow changes of trophic
structure of lakes.

Aquatic beetles (Coleoptera) — J. Sychra
Species richness of taxocenoses

Altogether 52 species of aquatic and semi-aquatic beetles of 28 genera and 10 families (Gy-
rinidae, Haliplidae, Noteridae, Dytiscidae, Helophoridae, Hydrophilidae, Hydraenidae, Scir-
tidae, Elmidae, Chrysomelidae) have been found in eight Bohemian Forest lakes (Table 14).
Such a high species richness is more comparable to rather oligotrophic lakes and ponds of
moderate altitude (e.g., FARcHILD et al. 2003, TouavyLia et al. 2011) than to boreal or alpine
lakes in central Europe, which usually show considerably lower species richness (cf.
Kownackr et al. 2000, BoGgGEro & LENciont 2006, FUREDER et al. 2006, KrNo et al. 2006,
OkerTLI et al. 2008). Similar number (54 taxa) of beetle species was found only within the
survey of 95 Tatra lakes in the alpine zone (CiamPorOVA-ZATovICovA & Crampor 2011) com-
pared to our § lakes. However, for more accurate comparison, studies focused to aquatic
insects of similar mountain lakes situated in the forest zone about 1000 m a.s.1. are extreme-
ly scarce. Generally, taxa diversity of aquatic beetles is negatively correlated with altitude,
which is probably due to lower temperature and absence of macrophyte beds and organic
substrate at higher altitudes (HorrmaN et al. 1996, Hemno 2008, CIAMPOROVA-ZATOVICOVA &
Crampor 2011, TouayLia et al. 2011). On the other hand, an inverse pattern of species richne-
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ss has been documented at lower altitudes, caused by the negative impact of fish due to both
food competition and predatory pressure on aquatic beetles (Kownacki et al. 2000, bE MEN-
pozA & CATALAN 2010). This is not the case of the Bohemian Forest lakes, where fish did not
occur during the past 50 years.

The most abundant taxa of aquatic beetle taxocenoses inhabiting the lakes are typical also
for alpine lakes across the Holarctic region. The presence of characteristic dytiscid species
of the genera Agabus, Hydroporus, and some potamal species of Hydroporini (most fre-
quently genera Deronectes, Nebrioporus or Stictotarsus) is typical (HorFmAN et al. 1996,
KowNackt et al. 2000, FUreDER et al. 2006, KrNo et al. 2006, OertL et al. 2008, CIAMPOROVA-
-Zatovicovi & Ciampor 2011). Most recorded species were eurytopic (acid-tolerant) or aci-
dophilous, which was consistent with known aquatic beetles fauna of surrounding habitats
of the Bohemian Forest with many acidic streams, wetlands, and bogs (PETR 2000, VALENTA
& SoLpAN 2001, SycHra et al. 2008). Species with Palaearctic or European type of distribu-
tion (some of them Holarctic) prevailed in the surveyed taxocenoses.

Impact of acidification

There is virtually no information about long-term changes in the composition of aquatic
beetle taxocenoses in the Bohemian Forest lakes. In the first research of these lakes, Fri¢ &
Vavra (1897) found only 3 species in Cerné and Certovo lakes: Gyrinus substriatus (sub G.
natator; this name was commonly used as synonym for G. substriatus in earlier publicati-
ons, BoukaL et al. 2007), Hydroporus palustris, and Deronectes latus (sub Hydroporus la-
tus). Only very scarce records of aquatic beetles come from the second half of the last cen-
tury concerned two additional dytiscid species, Agabus guttatus and Hydroporus
memnonius (HAJEK in litt.). All other data on any of 52 species recorded in total originate
from the first decade of this century and included also those 5 historically recorded species
from the same localities (Table 14). The only faunistic research targeted directly to aquatic
beetles of the Bohemian Forest lakes was performed during May and September 2010. Alto-
gether 47 species have been found, including 29 species recorded from these lakes for the
first time.

Consequently, existing data do not provide any possibility to evaluate the impact of acidi-
fication of lakes on this insect group. Moreover, invertebrates with high and rapid dispersal
ability, such as many aquatic beetles and true bugs of standing waters, are generally not
suitable for monitoring of long-term changes at particular sites. Aquatic beetles are not good
indicators of acidification or recovery from acidification, since there are only a few acid-
-sensitive aquatic beetles (Juriano 1991, FosTeErR 1995, ArRNOTT et al. 2006), especially at
higher altitudes, although lower pH can induce behavioural changes of some species (CALO-
st et al. 2007). In running waters inhabited by less mobile species and those closer related to
particular site, an apparent response of aquatic beetles to acidification was documented
(BrRAUKMANN 2001). On the contrary, many species recorded in the Bohemian Forest lakes
are typically acidophilous (e.g., Hydroporus memnonius, H. obscurus, H. tristis, Agabus
sturmii, A. affinis, A. melanarius, Helophorus flavipes, Enochrus ochropterus, E. affinis). In
addition the abundance of some predatory aquatic insects can even increase with decreasing
pH, which can be caused by the absence of competiting fish predators (CARBONE et al.
1998).

Characteristics of lake littoral and aquatic beetle fauna

Aquatic beetles are mostly dependent on characteristics of the littoral zones, where their
diversity and abundance are highest in comparison with other habitats of the lake. The pre-
sence and extent of aquatic plant beds positively influence food quality and availability, li-
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ving substrate and availability of refuges against fish predation (LANDIN 1976b, NiLssoN et al.
1994, NiLssoN & SODERBERG 1996, HENo 2008, SoLiMiN et al. 2008, CIAMPOROVA-ZATOVICOVA
et al. 2010, bpE MENDOzA & CaTALAN 2010). The most species-rich taxocenoses (more than 20
species) were found in the Bohemian Forest lakes with the shallow littoral, which enables
development of larger macrophyte beds, especially sedges (Kleiner Arbersee and Laka Lake;
22 species) or at least fragmentary plant beds (Prasilské Lake, 23 species). Slightly lower
diversity was recorded in Plesné Lake (18 species), Grosser Arbersee (17 species), and Ra-
chelsee (14 species), where macrophyte beds are developed on more than 10% of the lake
perimeter. On the other hand, steep and stony shores of Cerné and Certovo lakes almost
without littoral vegetation are rather suitable for some species adapted to predominantly
inorganic substrates typical for alpine zones at higher altitudes (Horrman et al. 1996) or lotic
habitats. The beetle taxocenoses of these two lakes are markedly species-poorer compared
to the other lakes, either with only seven mostly ubiquitous or rhitral species. Except the
influence of the absence of littoral macrophytes, beetles diversity can be also negatively af-
fected by the water level fluctuations in Cerné Lake due to the small power plant located on
its outlet. A negative impact of the water level regulation on littoral invertebrates including
aquatic beetles was repeatedly confirmed in several studies of different lakes (e.g., AROvVIITA
& HAMALAINEN 2008, BAUMGARTNER et al. 2008, Brauns et al. 2008). Indeed this negative
impact of water level regulation could be far more pronounced some century ago (see Fig. 7
in Fri¢ & VAvraA 1897) in most of the lakes until finishing their use for timber transport.

Also the presence of aquatic mosses in the lake littoral can significantly influence the
beetle taxocenoses, especially in the lakes with larger littoral areas composed of peat mos-
ses. In these lakes (Grosser Arbersee and Kleiner Arbersee), typical inhabitants of peat
bogs, mainly tyrphophilous beetles were found, e.g., Hydroporus obscurus, Ilybius crassus,
Enochrus ochropterus, and Cyphon punctipennis. Distribution of some of them exhibits a
boreo-alpine pattern in Europe.

Species richness of aquatic beetle families

Since the 1890s, when Fri¢ & Vavra (1897) performed their famous research of two lakes,
large flocks of whirligig beetles Gyrinus substriatus are known from the water surface of
Cerné Lake. Pleustonic beetles of the genus Gyrinus often congregate in large schools of up
to several hundred individuals of more species (Istock 1966, SvENssoN 1985). In September
2010, we have observed these aggregations in several coves of Cerné Lake, then we have
caught and examined 108 specimens, and all of them were G. substriatus. The second spe-
cies of this genus, G. marinus, was found only at Rachelsee, where both species occur.

The family Dytiscidae with 28 recorded species (including larvae of Acilius sp.) is the
most species-rich group of the aquatic beetle taxocenoses. The most frequent aquatic beetle
of the Bohemian Forest lakes (imagines recorded in all eight lakes) is Hydroporus palustris,
eurytopic small diving beetle, which is very common in all aquatic habitats in the Czech
Republic (BoukaL et al. 2007). This species shows a very abundant population in some lakes
(Laka, Pragilské, Certovo), while populations are relatively scarce in others (Kleiner Arber-
see, Cerné). This univoltine species has West-Palaearctic distribution; its marked preference
for lakes and large bodies of running waters was documented in northern Europe (NiLssoN
& HorMmEeN 1995). Diving beetles H. memnonius (found in 5 lakes), Hydroglyphus geminus
(5 lakes), Agabus sturmii (6 lakes), or Ilybius crassus (5 lakes) belong to the most frequent
species of the lakes.

Eight species from the family Hydrophilidae were found, especially in the well developed
vegetated littoral of some lakes. The small water scavenger beetle, Anacaena lutescens, very
common species of all types of water bodies in the Czech Republic, is particularly frequent
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(found in 7 lakes). Chiefly parthenogenetic populations are found in northern and central
Europe (HaNseEN 1987, BoukaL et al. 2007). Another eurytopic species, Hydrobius fuscipes,
is also quite common (found in 5 lakes).

A unique fauna of semi-aquatic beetles inhabit emerged parts of sedges (mainly Carex
rostrata) of the lake littoral. Yet no special research targeted on these taxa was performed,
five species of Scirtidae and Donaciinae (Chrysomelidae) were found (Table 14). Detritivo-
rous aquatic larvae of Cyphon spp. have also been found in the littoral of some lakes and
occurrence of aquatic larvae of Donaciinae, which are feeding on the submerged sedge
parts, is supposed.

Permanence and dispersal ability of aquatic beetles

The occurrence of aquatic beetles in the Bohemian Forest lakes can be evaluated from the
point of view of permanence and dispersal ability. The species living permanently within the
lake water bodies were documented by findings of larvae in different years and seasons
(Table 15). Flightless or scarcely flying species certainly belong to this group. Taxa with
permanent and abundant occurrence including reproduction in the lakes comprised whirligig
beetles (Gyrinus spp.), burrowing water beetles (Noterus spp.), diving beetles (especially
Agabus spp., Dytiscus marginalis, Hydroporus spp., Ilybius crassus, Rhantus exsoletus), and
water scavenger beetles (dnacaena spp., Coelostoma orbiculare, Helophorus flavipes, Hyd-
robius fuscipes, Enochrus spp.). Especially the lake littoral zones with vegetation and/or
organic matter substrates are suitable habitats also for larvae of most the above genera re-
cently found in the Bohemian Forest lakes (Tables 14, 15). The life cycles of these taxa are
semivoltine or flexible (Agabus bipustulatus, A. guttatus, Dytiscus marginalis, Hydroporus
memnonius) or univoltine with overwintering imagines (Gyrinus spp., Noterus spp., Hydro-
porus palustris, H. tristis, Hydrobius fuscipes, Anacaena lutescens etc.) as observed in lakes
of northern Europe (LANDIN 1976b, HANSEN 1987, NiLssoN & HoLMEN 1995). The other per-
manent inhabitant of the lakes is potamal and silicophilous diving beetle Nebrioporus assi-
milis, which prefers lakes and rivers with sandy bottom and without vegetation, contrary to
the above mentioned species. It is mainly distributed in northern and western Europe. In
southern parts of the area (southwards to the Alps), the species prefers oligotrophic lakes
(NiLssoN & HoLMEN 1995). Prasilské Lake and its outlet is the only known recent locality in
the Czech Republic (BoukaL et al. 2012).

Together with aquatic bugs (Heteroptera), aquatic beetles (especially dytiscids) are active
fliers and rapid colonisers of various types of water bodies (JEFFRIES 1994, FAIRCHILD et al.
2000, Lunpkvist et al. 2002). Rapid and agile fliers of the species found are, e.g., Gyrinus
spp., some species of genera Hydroporus, Agabus and Rhantus, Dytiscus marginalis, Helo-
phorus spp., and Anacaena lutescens (JacksonN 1973, HANseEN 1987, HoLMEN 1987, NiLssoN &
HorLmen 1995). In this case, the lakes can serve also as foraging site or temporary habitat. On
the other hand, more flightless or scarcely flying species were found: both species of the
genus Noterus, Hydroporus obscurus, H. tristis, H. umbrosus, Nebrioporus assimilis, Aga-
bus affinis, and Anacaena globulus (JacksoN 1973, HANSEN 1987, HoLMEN 1987, NiLssoN &
HorMmEN 1995). These species are evidently closely associated with the stable lake littoral
environment contrary to the excellent fliers mentioned above.

Some predominantly rheophilic species can reach lakes also from lake inlets or outlets (cf.
OERTLI et al. 2008). This is the case of Deronectes latus, recorded from Cerné and Certovo
lakes (Table 14). This rare flightless diving beetle occurs mostly on gravel or stony substrates
in streams and rivers across the Czech Republic (BoukaL et al. 2007). Similarly also Agabus
guttatus prefers small running waters and springs and the record of this species from Certo-
vo Lake could be connected with its frequent occurrence in inlets and outlets of all surveyed
lakes (Tables 14, 15).
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Aquatic beetles of lake inlets and outlets

Information on aquatic beetles in inlets and outlets of the Bohemian Forest lakes are scarce,
acquired within the first decade of the 21% century (Table 14). Altogether 23 taxa have been
found in these streams until now. Some of them are typical rheophilic, often flightless or
rarely flying species, which frequently occur in small streams and springs in the Czech Re-
public: Deronectes latus, D. platynotus, Hydroporus ferrugineus, H. memnonius, Oreodytes
sanmarkii, Agabus biguttatus, A. guttatus, A. melanarius, Anacaena globulus, Elmis rioloi-
des, and Limnius perrisi (JACKSoN 1973, HANSEN 1987, NiLssoN & HoLMEN 1995, BoukAL et
al. 2007). From these inhabitants of streams, 6 species were recorded also in the lakes, al-
though their occurrence there is obviously only temporal and limited to parts of the lake near
inlets or outlets. Similarly, 6 species inhabiting lentic habitats were found in marginal parts
of lake inlets and outlets.

The most frequent species found in inlets/outlets are dytiscids Deronectes latus (6 lakes,
more frequent in outlets), D. platynotus (5 lakes, more frequent in outlets), Hydroporus
ferrugineus (4 lakes, only in inlets), H. palustris (6 lakes), Agabus guttatus (8 lakes, more
frequent in outlets), and A. melanarius (5 lakes, more frequent in inlets).

Likewise in the lakes, we did not find any response of aquatic beetles to acidification ei-
ther in inlets or outlets, because the recorded species are mostly acidophilous. Of running
water beetles, only the representatives of the genus Hydraena were considered less acid-re-
sistant (BRAUKMANN 2001). One specimen of H. britteni was found only in the littoral of
Laka Lake, which is the least acidified lake in the Bohemian Forest.

This survey of aquatic beetles is the first detailed view on aquatic beetle taxocenoses of
the Bohemian Forest lakes. Although it extends our knowledge by several tens of new fau-
nistic records, further research of the lake littoral, as well as other wetland habitats of the
Bohemian Forest is necessary.

Chironomids (Diptera, Chironomidae) — P. Bitusik, J. Peltanova & J. Tatosova

Table 16 shows the complete list of chironomid taxa collected during a period spanned more
than one century, from the 1890s to the 2000s. The taxa list is based, in principle, on the
presence of pupal exuviae and adults, whose morphological characteristics allow the identi-
fication to the species-level. Larvae (seldom pupal exuviae) identified to genus and species
group, respectively, were counted only if they represented different taxon. Otherwise they
were supposed to belong to the related species/taxa, and they were not numbered and inclu-
ded in the list.

After harmonisation of the data set, the list comprises 113 taxa belonging to five subfami-
lies. The Orthocladiinae are the most numerous with 54 species/taxa followed by Chirono-
minae (34) and Tanypodinae (20). In contrast, the Diamesinae and Prodiamesinae are the
least represented with only four and one species, respectively.

The majority (75) of the chironomid species/taxa were collected from the lake outlets.
However, only 54 species/taxa were found in these habitats exclusively. In the lakes, 48
species/taxa occurred, from that only 29 were captured just in the lakes. The lowest number
(17) of chironomid species/taxa was recorded from the lake inlets, eight of them were found
in the inlets only.

Chironomids in the lakes

The most frequently encountered species/taxa recorded mainly in the lakes were Procladius
choreus, Corynoneura scutellata, Heterotrissocladius grimshawi, Heterotrissocladius mar-
cidus, Psectrocladius bisetus, Chironomus spp., Phaenopsectra flavipes, and Tanytarsus
buchonius.
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The chironomid fauna in the studied lakes is dominated by species/taxa of the subfamily
Chironominae (24), 14 of which belong to the Chironomini tribe and 10 to the Tanytarsini
tribe. Tanypodinae account for 10 and Orthocladiinae for 13 species/taxa, while Prodiame-
sinae comprise 1 species. At generic level, a similarity exists in the composition of chirono-
mid fauna between the Bohemian Forest and north European lakes in the boreal zone. The
genera Procladius, Chironomus, and Tanytarsus are common chironomid taxa widespread
in most of boreal lakes (BRUNDIN 1949, S£THER 1979). The Procladius pupal exuviae collec-
ted from all investigated lakes were identified as Procladius (Holotanypus) choreus. One
should suppose that larvae found in the outlet of Certovo Lake (SvoBopova 2010) and the
littoral of Cerné Lake (PrRocHAZKOVA & Brazka 1999) belong to the same species. EMEIs-
-Scawarz (1985) mentioned the occurrence of Procladius (Holotanypus) sagittalis in Gros-
ser Arbersee and Kleiner Arbersee; thus, the presence of more Procladius species is quite
likely. The larvae of Chironomus were recorded in Cerné Lake as early as in the 1890s (Fric:
& VAvrA 1897). Since then, the immature stages were found to be common in all lakes and
two outlets. It is reasonable to assume that more than one species are present, but only Chi-
ronomus pseudothummi found in the outlet of Laka Lake was identified to species level. The
occurrence of Chironomus cf. dorsalis in Rachelsee (ScnoLL 1989) is unlikely, because the
species almost exclusively inhabits temporary habitats, and findings from more permanent
environments are rare (Frouz et al. 2003). Tanytarsus belongs to the most species-rich genus
in the recorded chironomids. Among the identified species, Tanytarsus buchonius is most
frequent representative of the Bohemian Forest lakes.

With respect to ecological requirements of the lake chironomids, Ablabesmyia, Psectroc-
ladius, and Phaenopsectra are characteristic for humic and acid lakes (MosSBERG & NYBERG
1979, WALKER et al. 1985), as well as Macropelopia adaucta, Glyptotendipes paripes, Pagas-
tiella orophila, and Tanytarsus buchonius prefer dystrophic conditions (DowLING & MURRAY
1981, DoGHERTY & MoORGAN 1991, EkrEM 2004). Among those, Psectrocladius barbatipes, P.
bisetus, P. oligosetus, Phaenopscectra Pe f. Bala, and Tanytarsus cf. smolandicus are consi-
dered as cold stenothermic. Furthermore, the Heterotrissocladius, Parakiefferiella, Phae-
nopsectra, and Sergentia species are known from deeper, well-oxygenated lakes in Europe
(e.g., HorrmaNN 1988, Mousavi 2002).

The previous study (Brrusik & Svitok 2006) showed that differences in taxonomic com-
position among the Bohemian Forest lakes can be explained significantly by different altitu-
de and alkalinity of the lakes. Moreover, the ordination analysis revealed the great importan-
ce of geographical gradient (from west to east), which could include geology of the
catchments, distances between the lakes, and historical human influence on the lakes, as
well.

Chironomids of inlets and outlets

Due to the intensive sampling at the outlets of Laka and Certovo lakes (SvoBopova 2010), the
chironomid fauna is more representative for the outlets than for the lake inlets. The stream
fauna is composed largely of rheobiontic/rheophilic taxa (e.g., Apsectrotanypus, Conchape-
lopia, Nilotanypus, Diamesa, Pseudodiamesa, Brillia, Cricotopus, Eukiefferiella, Heleniella,
Krenosmittia, Orthocladius, Paratrichocladius, Rheocricotopus, Tvetenia, Polypedilum).
The taxocenoses consist regularly of some lentic taxa that larvae and pupal exuviae were
washed up from the lakes (Procladius, Psectrocladius, Chironomus, Glyptotendipes, Endo-
chironomus, Phaenopsectra, Sergentia, Paratanytarsus). Most species of Psectrocladius (s.
str.) are widely distributed in stagnant waters ranging from small, shallow bodies to reser-
voirs and lakes (LanGgToN 1980). The finding of Psectrocladius bisetus in the inlet of Prasil-
ské Lake is an evidence that the species can develop in flowing waters.
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In addition, the streams host a number of species characteristic for semi-terrestrial and/or
madicolous habitats (ARMITAGE et al. 1995: Bryophaenocladius cf. subvernalis, Georthocla-
dius sp., Metriocnemus sp., Limnophyes gurgicola, Parachaetocladius, Paraphaenocladius
pseudirritus, Pseudorthocladius filiformis or Smittia sp.).

Past studies of chironomids in the Bohemian Forest lakes have not been half as compre-
hensive as they should have been corresponding to their importance. They contribute a lot
in terms of density, relative abundance, as well as taxa numbers to macroinvertebrate assem-
blages. More recent studies of the lakes, their inlets and outlets revealed 13 species recorded
for the first time in the Czech Republic (Bitusik & Kupovcik 2000, Brtusik 2011) but this
number is far from complete. Further investigations will very likely result in findings of
more new species to the Czech fauna.

Historical and palaeolimnological records

Compared to mayflies and stoneflies (SoLDAN et al. 1998, 1999, this study), historical data on
chironomids are too scanty to reconstruct changes caused by strong acidification during the
last century. The chironomid data before the 1950s, which could be considered as “reference
data” prior to the acidificacion onset of the Bohemian Forest lakes, are not available so that
our data set from the 1990s and 2000s reflects rather the proceses of biological recovery than
the changes connected with acidification. An indirect method providing valuable informati-
on on the chironomid composition during the whole lake ontogeny is analysis of chironomid
subfossil remains from lake sediments. Three palaeolimnological studies used subfossil chi-
ronomids to trace the environmental characteristics of the Bohemian Forest lakes in the past.
Two of them were aimed primarily to document an evidence of the acidification history. All
studies showed in general a consistent picture: a pauperisation of the lake chironomid fauna
in the last century.

Brrusik & Kupovcik (2000) analysed chironomid remains from short (19.5 cm) sediment
cores taken from Cerné and Pragilské lakes in 1991. The study showed that the acidification
process was connected with a decline in sub-fossil remains and with the disappearance of
certain taxa (Dicrotendipes, Microtendipes pedellus group, Polypedilum, Paratanytarsus,
Zavrelia) in the most recent sediment layers. These species have not been found in the recent
samples from the lakes. It is reasonable to suppose negative influence of some other factors
connected with low pH (e.g., high concentrations of total reactive Al and trace metals; FoTt
et al. 1994, VESELY et al. 1998b), because some of these taxa are reported from acid conditi-
ons (Dicrotendipes, Microtendipes, Pagastiella; WIEDERHOLM & ERIKSSON 1977, SCHNELL &
WILLASSEN 1996). In general, chironomids did not reflect the effects of acidification in the
investigated lakes in such a dramatic way as Ephemeroptera and Plecoptera (VrBa et al.
2003a, this study). Chironomid larvae, they live burrowing in the sediment where microbial
processes on the water-sediment interface can effectively mitigate harmful water chemistry
(i.e. low pH, Al toxicity). It also seems that the chironomid taxocenoses in acidified lakes
respond rather to the changes in quantity and quality of food supply than to the direct phys-
iological effect of low pH. Insufficient food supply could be either connected with lower
availability of phosphorus in the lake due to its precipitation by aluminium (VRrBA et al.
2006) or with changes in fish and invertebrate assemblages (Brobin 1990, HYyNYNEN & ME-
RILAINEN 2005).

The analysis of the sediment record from Kleiner Arbersee (EMEIS-SCHWARZ & KOHMANN
1984) revealed taxonomic-rich chironomid assemblages consisting of 42 taxa. Taxonomic
composition with prevalence of Tanytarsini, Heterotrissocladius, and Psectrocladius was
indicative for oligotrophic and oligo-humic conditions. The most notable shift in chirono-
mids was observed at the end of the studied period: a decrease in total number of taxa, a
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disappearance of Tanytarsini and an increase in Chironomus and Tribelos. Even if the shift
well corresponded with an acidification event, it could also indicate elevated nutrient condi-
tions. In addition to acidification, the subfossil chironomids indicated other human-induced
changes in the last ~200 years, particularly fluctuations in the water level.

Unique palaeolimnological records are available from the 5.4 m long sediment core of
Plesné Lake covering a period of 14.7 ka cal BP (TAtosova et al. 2006). In this whole Holo-
cene sediment profile, 47 taxa were identified. In the early stages of the lake ontogeny, the
cold stenothermic taxa dominated (Micropsectra radialis-type, Pseudodiamesa nivosa-type,
Diamesa sp., Heterotrissocladius grimshawi-type, Paracladius sp.). Later, Heterotrissocla-
dius marcidus-type and Corynoneura scutellata-type became dominant at the beginning of
the Holocene, accompanied by such genera as Microtendipes, Zavrelimyia, Parakiefferiella,
Dicrotendipes and Cricotopus. In the middle of the Holocene, characterised by optimal cli-
mate conditions, the dominance of H. marcidus-type and C. scutellata-type was reduced and
the chironomid taxocenoses became more diverse as other taxa appeared (Phaenopsectra,
Limnophyes/Paralimnophyes, Cladotanytarsus, Ablabesmyia, Psectrocladius psilopterus-
-type). The relatively stable and diverse chironomid taxocenose was interrupted by an event
in 1540-1771 AD, when most of the taxa totally vanished and the chironomid fauna was
composed by only Zavrelimyia sp. and Procladius sp. alternately, accompanied by Tanytar-
sus sp. This event is in agreement with the dating of the Little Ice Age and could be the result
of low oxygen concentrations at the lake bottom caused by longer winter ice cover (LINDE-
GAARD 1995, Helrt & LoTTER 2003). However, these sediment layers also coincide with an
episode of very low chironomid abundances, which makes the fossil chironomid record less
reliable.

The sub-sampling by 3-cm layer was too rough for detailed analysis of an acidification
effect on chironomid taxocenoses, nevertheless, the first three layers (0—9 cm) correspon-
ding to the period from the beginning of the 20" century to 1990 (when the sediment core
was collected) can be used for a tentative interpretation. The most recent sediment (1956—
1990 AD) was very species-poor. Only five taxa in very low densities were found as compa-
red to the previous two layers (3—9 cm), in either of which 13 taxa occurred. Most of the taxa
present in the foregoing layers disappeared (Zavrelimyia sp., Dicrotendipes nervosus-type,
Microtendipes pedellus-type, Phaenopsectra flavipes-type, Cladotanytarsus mancus-type
2, Limnophyes sp., Psectrocladius psilopterus-type, Cricotopus intersectus-type, Parakief-
feriella bathophila-type, Heterotrissocladius marcidus-type) and the chironomid fauna was
formed only by Procladius sp., Chironomus anthracinus-type, Cladotanytarsus mancus
type 1, Tanytarsus pallidicornis-type, and Corynoneura arctica-type. Considering the aci-
dophilic or acidotolerant ecology known for the genera Heterotrissocladius, Psectrocladius,
Cladotanytarsus, and also Phaenopsectra (Brooks et al. 2007), the species reduction during
the second half of the last century may be a result from other factors than acid stress.

Other families of flies (Diptera) — T. Solddn & J. Bojkova
Species richness of Diptera taxocenoses

The Diptera taxocenoses (excluding Chironomidae) represent a considerably heterogeneous
group, the study of which seems to be most difficult in comparison with other orders occur-
ring in the Bohemian Forest lakes. There are two principal causes tending to an apparent
underestimation in evaluation of true species richness. It is necessary to study imagines of
flies, because an insufficient knowledge of larvae does not allow for a proper determination
of larvae (only 654 species of 1220 aquatic Diptera living the Czech Republic have been
described in the larval stage; cf. Rozko$nY & VaNHARA 2004), on the one hand, and use
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specialised collecting techniques in some groups and habitats (aquatic—terrestrial ecotone),
on the other hand. Although we did our best in trying to determine all taxa at the lowest level
as possible, we did not avoid letting some of them at the generic and even family level, be-
cause no attention has been devoted to collecting of imagines to precise determination of
larvae.

Of the 29 families (excluding Chironomidae), there are 1220 species with larvae inhabi-
ting purely aquatic or semiaquatic environment (Rozko$NY & VaNHarA 2004). A total of 17
families (about 59%) and 37 taxa (9 determined at the species level, 24 at the generic level
and 4 at the higher levels) have been found in the Bohemian Forest lakes (Table 17). Twelve
species/taxa were found in lakes and 27 species/taxa in their inlets/outlets. Some further
families certainly were observed in the imaginal stage near the lakes (e.g., Dolichopodidae
or Sciomyzidae) but these taxa were not detected in the larval stage.

Taxa richness of Diptera families

The family Limoniidae (152 of 271 craneflies are aquatic in the Czech Republic; data
presented in all families are based on list by Rozko$ny & VaxaARrA 2004) showed the highest
taxa richness (8 taxa), although the only one species, Pilaria discicollis occurring in Ple$né
Lake and Rachelsee, was determined to the species level. Besides this species and Hexatoma
sp. from Rachelsee, all taxa have been found in the inlets/outlets only. Larvae of the genus
Eloeophila were most frequent (Table 17).

The family Pediciidae (within the Czech Republic, 30 of 34 species are aquatic), although
represented only by two taxa, namely genera Dicranota and Pedicia (species cannot be de-
termined due to insufficient knowledge of larval diagnostic characters), belongs to the most
frequent taxa within the lakes also by abundance (SEnoo 2009, SvoBobova 2010). They were
not collected in the lakes but inhabited nearly all inlets and outlets (Table 17).

Representatives of the family Tipulidae (within the Czech Republic, 48 of 123 species are
aquatic) were restricted solely to the lake inlets where they are not abundant. Specimens of
Tipula (Savtshenkia) have been collected usually as a single larva in each inlet. SvoBopovA
(2010) determined Tipula (Emodotipula) obscuriventris (as Tipula saginata) and Tipula
(Savtshenkia) cf. cheethami collected downstream (at the distance of 1.7-2.8 km) in the
outlet of Laka Lake.

Larvae of the family Simuliidae (all 42 species aquatic) have been collected in inlets of
nearly all Bohemian Forest lakes and in all outlets (Table 17). We determined two species,
Simulium (Simulium) argyreatum and S. (Simulium) ornatum, in several lakes (cf. Table 17).
Larvae of an unidentified species of the genus Prosimulium were collected mostly in inlets
of Cerné and Certovo lakes and inlets/outlet of Plesné Lake (SENoo 2009), and in the outlet
of Rachelsee (JEZBEROVA, unpubl.).

The larvae of S. ornatum were collected only incidentally (they prefer running waters) in
the lakes near the mouth of inlets or in the beginning of an outlet. The larvae are relatively
abundant (but never eudominant) in inlets, although they can reach considerable abundance
in outlets. For instance, SENoo (2009) found Simulium sp. and Prosimulium sp. to reach 11%
and 5% of all collected individuals, respectively, in the outlet of Prasilské Lake. Mass aggre-
gations are due to feeding strategy of the Simuliidae larvae. As filtrators, they meet suffici-
ent amount of drifting seston from the lake. This phenomenon is obvious in Laka and Plesné
lakes, but very pronounced in Prasilské Lake. In several meters long, artificial concrete se-
ction of outlet below the lake, larvae of S. argyreatum currently reach densities that might
be roughly estimated up to >10 000 ind.m2, as any place of the bottom is densely covered
with larvae. Abundance of larvae rapidly decreases downstream and larvae occur rather
individually at distance of about 100 m from beginning of the outlet; their mass aggregations
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can be observed very rarely. At the places of mass aggregations, the larvae were heavily
infected with microsporidia, with the infection incidence reaching up to 40—75% (in 1982—
1992, WEISErR & GELBIC, pers. comm.), while infected specimens from inlets exhibited the
infection incidence very low. Larvae of S. argyreatum collected in Rachelsee, Certovo,
Laka, Ple$né, and Prasilské lakes, as well as larvae of S. ornatum from Rachelsee, Kleiner
Arbersee, Cerné, and Laka lakes did not show any signs of infection by microsporidia in
2010 (no visible pansporoblasts in the gut; GELBIC, pers. comm.). This low infection rate in-
deed may indicate a certain improvement of population fitness owing to improving environ-
ment.

The only three representatives of mosquitoes (family Culicidae, all 43 species within the
Czech Republic aquatic) probably do not represent species diversity of the family within the
studied lakes. Larvae of the only representative of the genus Ochlerotatus (subfamily Culi-
cinae) have been collected in Laka Lake (besides its inlet and the inlet of Grosser Arbersee).
Larvae of at least two species of the genus Anopheles (subfamily Anophelinae) were collec-
ted in inlet area of Grosser Arbersee and Kleiner Arbersee. They occurred very rarely in the
inlets, perhaps incidentally, but hundreds of larvae inhabited mainly various kinds of pools
near the lake shore, sometimes very small or evidently temporary. They were collected only
in spring. The second second generation was not detected. There is hardly any doubt that
mosquitoes of at least several species occur near all other lakes too, as documented by nu-
merous attacks by female imagines during collecting macroivertebrates. Their “absence” is
apparently due to insufficient investigation of respective habitats.

The family Dixidae (all 10 species aquatic) is represented by two genera within the Bohe-
mian Forest lakes. Of these, larvae of Dixella amphibia have been found in Plesné Lake in
several specimens only. The occurrence of larvae of Dixella in the lakes is scarce; the spe-
cies is distributed here probably owing to its rather wide ecological range (known from
dystrophic and eutrophic waters; HALanD 2009). Larvae of the genus Dixa are typical inha-
bitants of running waters and their occurrence in Rachelsee in 2003 (JEzBEROVA, unpubl.)
seems to be rather incidental. Recently, larvae live neither in the inlets or outlet of this lake
(Table 17).

The family Ceratopogonidae (within the Czech Republic, 100 of 189 species aquatic)
occurs in both the lakes and inlets/outlets across the Czech as well as German lakes (cf.
Table 17). The only representative determined into the generic level, A¢richopogon (subfa-
mily Forcipomyiinae) occurred solely in inlets (SEnoo 2009). Number of species of the Cer-
atopogonidae living in the studied lakes seems to be most biased by underestimation of all
remaining dipteran families due to imperfect determination. More species (e.g., of the gene-
ra Bezzia or Stillobezzia of the subfamily Ceratopogoninae) have recently been found in
Alpine lakes (cf. BogGErRo & LENCIONI 2006, FUREDER et al. 20006).

Of the family Chaoboridae (all 6 species aquatic), the only species, Chaoborus obscuripes
(found in Laka Lake) has been determined at the species level, although at least one more
species was most probably present in the lakes. The Chaoboridae represent the only dipteran
families living solely in lakes, not found in inlets/outlets at all. However, its representatives
were not found in Rachelsee, Prasilské, and Plesné lakes (cf. Table 17). In Laka Lake, larvae
were most abundant and inhabited places of littoral densely covered with submerged vege-
tation, but they were rare or absent at plant-free parts of the littoral or places sparsely over-
grown with vegetation. The larvae are semiplanktonic and show diurnal activity; they are
hidden during daylight and active in the water column during nigh (BorkenT 1981). In fis-
hless lakes in general, phantom midges as top invertebrate predators may control zooplank-
ton size and structure (cf. RiEsSEN & Younc 2005); however, this is not the case of most of
the lakes (except for Laka Lake) in this study.
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The family Blephariceridae (all 6 species aquatic) was represented by a single species,
Liponeura sp. This finding seems to be rather incidental since larvae are specialised to live
at places in streamline exposed to strong current. Several larvae were collected in outlets of
Laka and Prasilské lakes only. Similarly, the only representative (Psychoda cf. phalaenoi-
des) of the family Psychodidae (within the Czech Republic, 120 of 131 species aquatic) was
found in Laka Lake outlet. Contrary to the Blephariceridae, larvae of some genera can inha-
bit standing waters, too. SvoBopova (2010) collected larvae of the same species and larvae of
the genus Berdeniella sp. (subfamily Psychodinae, tribe Pericomini) downstream in outlet
of Laka Lake at the distance 1.7-2.8 km from the lake.

A single representative of predominantly terrestrial family Cecidomyiidae (within the
Czech Republic, only a single of 504 species aquatic, cf. Rozko$sNy & VaNHARA 2004) has
been found possibly incidentally in the outlet of Laka Lake. The only known aquatic repre-
sentative of the family is Dicerura iridis (Kaltenbach, 1874) and the material should be re-
-examined from this point of view.

Of the orthorhaphous families, the Empididae (within the Czech Republic, 50 of 267 spe-
cies aquatic) are restricted mostly to inlets, outlets are inhabited less frequently. Although
we often observed numerous swarming or foraging behaviour patterns of imagines of Em-
pididae above open water in nearly all the lakes, their littoral is apparently not inhabited by
larvae. Larvae are rather semiaquatic, but they can reach considerable densities among other
“other Diptera” in inlets. Three genera have been found, Clinocera, Wiedemannia, and Che-
licera (Table 17).

A single finding of larva of Rhagio sp. (family Rhagionidae; within the Czech Republic,
2 of 24 species aquatic) in the inlet of Prasilské Lake (SExoo 2009) seems to be quite inci-
dental or, in fact, representing some rather terrestrial species. Larvae of this genus are con-
sidered terrestrial and the family is sometimes not considered aquatic at all (cf. BULANKOVA
2003b). The only “true” aquatic genus within this family is Chrysopilus with two species
within the Czech Republic (cf. Rozkosny 1980, Rozkodny & VaNHARA 2004). There are no
data on their distribution in the Bohemian Forest.

A single specimen (fully developed larva) of Ibisia marginata (Athericidae, all 3 species
aquatic) was collected in outlet of Rachelsee (Table 17). This finding should be considered
incidental, larvae of this species usually live at lower altitudes being relatively abundant
there. A well-known, vulnerable species of this family, Atherix ibis (Fabricius, 1798) with a
remarkable crowding specialisation in its reproductive biology (cf. Tusa 1993, 1994, Kusik
& Seitzer 2005) has not yet been found in the lake outlets. However, imagines were observed
at the bridge across the Uhlava River near its confluence with the Cerny Potok stream (outlet
of Cerné Lake) in 1995 (REISCHIG, pers. comm.) and their presence in some lake outlets se-
ems to be likely.

The family Tabanidae (within the Czech Republic, 40 of 54 species aquatic) is represented
by at least 3 species in the Bohemian Forest lakes, Hybomitra sp., Tabanus sp., and Haema-
topota cf. pluvialis (Table 17). A fourth species, a single female of the genus Chrysops
(subfamily Chrysopsinae) was observed in imaginal stage attacking collectors on the shore
of Kleiner Arbersee. Horseflies were restricted to the German lakes, mostly Grosser and
Kleiner Arbersee, larvae have never been found in inlets/outlets. Besides relatively lower
altitude, we can suppose that their occurrence might be dependent on very suitable substra-
te. Larvae of Tabanidae prefer soft, muddy places overgrown with mosses that are usual in
these two German lakes. Elsewhere, such habitats are sufficiently developed only in Laka
Lake.

The family Syrphidae (within the Czech Republic, 50 of 378 species aquatic) seems to
exhibit an incidental occurrence as well. Aquatic Syrphidae are generally very rare in the
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Bohemian Forest, especially at higher altitude. Moreover, larvae of numerous species re-
quire rather eutrophied habitats or habitats poor in dissolved oxygen. The only larva found
in the outlet of Rachelsee at a distance of about 100 m from its beginning represents a quite
exceptional finding. The outlet is probably slightly eutrophic due to touristic activities on the
lake shore; stony bottom is rich overgrown by brown algae.

Of the pupiparous Diptera, only the family Muscidae (within the Czech Republic, 48 of
289 species aquatic) has been detected in the Bohemian Forest lakes. All findings (outlet of
Certovo Lake, inlets of Laka Lake, here presented as Limnophora sp.) probably belong to L.
riparia known from other localities in the Bohemian Forest.

Impact of acidification

Contrary to some Chironomidae, acid-tolerance or resistance is poorly known in other Di-
ptera families. Literature data are very scarce and these groups are largely omitted in respe-
ctive lists (e.g., Rapbpum 1980, Rappum et al. 1988, OKLAND & OKLAND 1986, BRAUKMANN
2001). The majority of taxa enumerated in these lists were considered acid-tolerant or even
indifferent. However, Diptera were rarely evaluated at the species level, so that detailed in-
formation on acidotolerance of aquatic Diptera is in fact unknown. For instance, the repre-
sentatives of the family Simuliidae are considered acid-tolerant (GUEROLD et al. 1993, 1995,
Horecky et al. 2002, Horecky 2003), Wiedemannia spp. (Empididae) and Dicranota spp.
(Pediciidae) can even survive pH of 3.9—4.4 (Horecky et al. 2002, 2006). Pedicia spp. of the
family Pediciidae also are considered acid-tolerant (GUEROLD et al. 1993, BULANKOVA & Za-
Tovicova 2006), as well as some representatives of the family Ceratopogonidae (cf. also
SvoBopova 2010). On the other hand, some species of Tipula (Tipulidae) and Ibisia margi-
nata (Athericidae) can be considered acid-sensitive (cf. HorReckY et al. 2002).

Unfortunately, we have no more data either on a survival of atmospheric acidification by
dipteran taxa other than Chironomidae, or their quantitative changes or recovery, since most
data on their occurrence has been acquired during the past decade. We can only suppose that
the Simuliidae (at least Simulium argyreatum in outlet of Prasilské Lake) survived the peri-
od of heavy acidification, because mass occurrences of blackfly larvae were observed in
1976, 1982, 1994, 1999, 2002, and 2009-2010 (SoLDAN, unpubl.).

Biogeographic composition of aquatic insect fauna
Species distribution and chorology

The geographical area sizes of individual species vary considerably in extent. The factors
underlying this variation remain poorly understood, and could include a number of ecologi-
cal and evolutionary processes. The factors that determine an area size are usually linked to
specific traits of organisms that also determine abundance (GasTtoN 1997, 1998), e.g., those
permitting wider resource use, escape from predation, or higher competitive ability. Some
authors suggested a key role of physiology in determining area size (CaLost et al. 2010).

The fauna of the Bohemian Forest lakes is dominated by widely distributed species, those
Holarctic and Palaearctic prevail (altogether 170 species, 66%; Fig. 14, Table 18). The smal-
lest areas are exhibited by West Palaearctic species, which include about a third of the lakes’
inhabitants (altogether 97 species, 34%; Fig. 14, Table 18). Most species (105 species, 41%;
Fig. 14, Table 18) belong to those of the Palaearctic distribution. Naturally, there are several
distribution patterns of the Palacarctic species. A considerable number of species exhibits a
Transpalaearctic distribution from England and Iberian Peninsula to the Russian Far East or
even Japan; other species are distributed mostly eastward to central Siberia.

Four taxa, namely Chironomidae, Odonata, Heteroptera, and Coleoptera, include species
with the largest areas, i.e. large area (LA), Holarctic (HO), and Palaearctic (PA) distribution.

218



Table 18. Numbers of species of individual groups recorded in the Bohemian Forest lakes (incl. inlets and
outlets) distributed in main biogeographic regions (after b LATTIN 1957, 1967). Abbreviations of distribu-
tional types: LA — Large area, HO — Holarctic, PA — Palaearctic, WP — Westpalaearctic.

Groups No. of species LA HO PA WP
Ephemeroptera 19 1 2 7 9
Odonata 20 0 6 12 2
Plecoptera 32 0 1 4 27
Heteroptera 34 4 1 22 7
Megaloptera 2 0 0 0 2
Trichoptera 44 0 2 13 29
Coleoptera 57 8 6 29 14
Chironomidae 59 13 21 18 7

The family Chironomidae and the order Odonata exhibit the highest number of such species,
88 and 90%, respectively (Table 18). Other taxa (Plecoptera, Megaloptera, and Trichoptera)
belong to a group with prevailing West Palaearctic distribution (84, 100, and 66%, respecti-
vely; Table 18). The order Ephemeroptera forms a transitory group exhibiting approximate-
ly a half of species with the West Palaearctic distribution (47%) and a half of species with
large areas (53%; Table 18).

The cosmopolitan diptera family Chironomidae occurs in all biogeographic regions of the
world, including Antarctica. They have been subject to generally accepted studies in vicari-
ance biogeography. The best evidence is well understood austral vicariant patterns shown by
the chironomids of the southern continents (see S£THER & ExreEM 2003, KroscH et al. 2011
and references herein). Such a high proportion of species with large areas is undoubtedly
connected with high dispersal abilities of the group. Active individual flight appears limited
to less than 10 km (McLacHLAN 1986, McLAcHLAN & NEEMS 1996) and is in any case restric-
ted by the short duration of the adult life stage (generally only a few days, OLIVER 1971).
However, passive long-distance transport on wind current enables colonising new habitats
rapidly (Oriver 1971), although this manner is not directed at suitable habitats and relies on
wind currents. An interesting alternative dispersal mechanism comes from evidence for
survival and viability of chironomid larvae in the gut passage of migratory birds (GREEN &
Sanchez 2006).

Large areas (LA)
West Palaearctic (WP) 26 spp.; 10%

97 spp.; 34%

Holarctic (HO)
39 spp.; 15%

Palaeartctic (PA)
105 spp.; 41%

Fig. 14. Biogeographic composition of insect fauna of the Bohemian Forest lakes.

219



In the studied lakes, five types of distributional patterns of the Chironomidae could prin-
cipally be distinguished (Table 19): (i) Species with large area (13 species) distributed besi-
des of the Palaearctic and Holarctic region also in the Oriental region (e.g., Limnophyes
gurgicola, Brillia bifida). Eukiefferiella claripennis and Corynoneura scutellata occur also
in the Australian region, the latter species have been recorded even from the Neotropical
region. These species are either widespread in Europe (e.g., Procladius choreus, Macrope-
lopia nebulosa, Ablabesmyia monilis, Brillia bifida), or they are currently reported from a
small number of European countries (Procladius sagittalis, Conchapelopia melanops, Lim-
nophyes gurgicola). (i) Holarctic species (21 species) either common in most of Europe
(e.g., Paratrichocladius rufiventris, Psectrocladius sordidellus) or restricted to western, nor-
thern and central Europe (e.g., Cricotopus pulchripes, Eukiefferiella devonica, Parakieffe-
riella bathophila, Paratrichocladius skirwithensis, Pagastiella orophila, Tanytarsus signa-
tus). (iii) Transpalaearctic species distributed throughout the whole region, extending to Far
East (e.g., Ablabesmyia phatta, Rheocricotopus fuscipes). (iv) Palaearctic species (25 speci-
es), reliable distribution data of which cover western, northern and partially central Europe,
seemingly uncommon in south Europe and absent in east Europe (e.g., Heterotrissocladius
grimshawi, Chaetocladius dissipatus, Psectrocladius oligosetus, Chironomus pseudothum-
mi, Micropsectra roseiventris, Tanytarsus buchonius), some of them also occur in north
Africa (e.g., Cardiocladius capucinus, Psectrocladius barbatipes, Stempellinella brevis). (v)
West Palaearctic species restricted to south-western and west-central part of Europe (Euki-
efferiella pseudomontana, Psectrocladius barbatipes, P. oligosetus, Pseudorthocladius fili-
formis).

In contrast to Chironomidae with predominantly passive dispersal, representatives of the
Odonata are distributed in large areas, partly owing to active flight ability. They can disper-
se by flight at the distance of tens to thousands of kilometres and/or 20° or more of latitude
(TayLor & TayLor 1977, Giso 1981, TayLor 1986, CorBET 1999). However, they can disper-
se passively, as well, using, e.g., convergent winds, thermals, or cold-air currents. Vagility
of many species is extremely wide being supported also by some features of their biology.
These are particularly: wide ecological range and a tendency to colonise extreme habitats in
larvae, feeding and foraging habits, invasive behaviour, and tendency to territoriality and
mass migrations.

In the Bohemian Forest lakes, four types of distributional patterns of Odonata could be
principally distinguished (Table 19): (i) Holarctic species (6 species); most of them are cir-
cum-boreal (Enallagma cyathigerum, Aeshna subarctica, Sympetrum danae) and boreo-al-
pine (deshna caerulea). (ii) Species of the Transpalaearctic distribution (5 species), such as
Ischnura elegans, Lestes sponsa, and Cordulia aenea. (iii) Palaearctic species (7 species),
such as Ponto-Mediterranean Ischnura pumilio and Pyrrhosoma nymphula, or boreo-mon-
tane Coenagrion hastulatum. (iv) Only two species are of the West Palaearctic distribution
(Somatochlora metallica and Aeshna cyanea).

Further two aquatic insect groups living in the Bohemian Forest lakes, namely Heterop-
tera (Nepomorpha and Gerromorpha) and Coleoptera (Table 19) apparently exhibit some
common features as to their distribution and dispersal. They account for a great share of
widely distributed species (Holarctic and Palaearctic: 79 and 75% of species, respectively).
Both groups are characterised, by a relatively high vagility connected with an active and
rapid flight at a distance of at least several kilometres (PAJUNEN & JANSSON 1969, SCHNEIDER
1986, BiLtoN 1994, LunpkvisT et al. 2002). Most representatives are eurytopic lentic species,
which are not apparently specialised on a particular habitat type. In less permanent lentic
habitats, these species require a greater mobility, which indirectly results in a larger size
range compared to lotic species (e.g., RIBERA & VoGLER 2000). Besides the eurytopy, these
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species are abundant and/or have high area occupancy. Migration is also substantially sup-
ported by pterygopolymorphy in Heteroptera, Gerromorpha, e.g., alternation of brachypte-
rous (apterous) and alate morphs (ANDERSEN 2000). Similarly, aquatic beetles show variation
in flight muscle development, from absent to fully developed (Jackson 1973). Among West-
-Palaearctic species with smaller areas, many recorded taxa are flightless or scarcely flying,
which can be connected with their preference of stable habitats of running waters and springs
(e.g., Deronectes platynotus, Hydroporus ferrugineus, Elmis rioloides; cf. WAGNER & LIEB-
HERR 1992, KEHL & DETTNER 2007). Moreover, the occurrence of flightless forms can be
positively correlated with colder environments (JAcCksoN 1973).

In the Bohemian Forest lakes, eight types of distributional patterns of Coleoptera and
Heteroptera could be distinguished (Table 19): (i) Species with large area (9 species of Co-
leoptera and 4 species of Heteroptera) distributed besides of the Palaearctic and Holarctic
region also in the Oriental region (e.g., Noterus clavicornis, Agabus bipustulatus, Corixa
punctata, Notonecta viridis, Sigara lateralis, Aquarius paludum). (i) Holarctic species (6
species of Coleoptera (e.g., Hydroporus obscurus, Hydrobius fuscipes), only Limnoporus
rufoscutellatus of Heteroptera). Some Coleoptera are absent or only restricted in occurrence
in southern Europe (e.g., Hydroporus tristis). (iii) Palacarctic species distributed throughout
the whole Europe (16 species of Coleoptera and 15 species of Heteroptera). They comprised
mostly eurytopic species, which are common in most of suitable wetland habitats in Europe
(e.g., Gyrinus substriatus, Hydroporus palustris, Dytiscus marginalis, Anacaena lutescens
of Coleoptera, and Hesperocorixa sahlbergi, S. fossarum, Notonecta glauca, Microvelia
reticulata, Gerris lacustris of Heteroptera). (iv) Palaearctic species distributed in western,
northern and central Europe which are absent or with only very restricted occurrence in
southern Europe (13 species of Coleoptera, e.g., Hydroporus erythrocephalus, Agabus stur-
mii, Rhantus exsoletus, Enochrus affinis, and 7 species of Heteroptera, e.g., Cymatia bon-
sdorffii, Glaenocorisa propinqua, Notonecta lutea). (v) West Palaearctic species distributed
throughout entire Europe (Graptodytes pictus, Berosus signaticollis, and Corixa dentipes,
Sigara nigrolineata, Plea minutissima). (vi) West Palacarctic species distributed in western,
northern and central Europe, which are absent or with only very restricted occurrence in
southern and/or eastern Europe (7 species of Coleoptera, e.g., Nebrioporus assimilis, Agabus
melanarius, Anacaena globulus, Helophorus flavipes, and Notonecta maculata, Velia caprai,
Gerris gibbifer). (vii) West Palaearctic species distributed in western and central Europe,
which are absent in northern Europe and generally also in eastern Europe (Hydroporus fer-
rugineus, Elmis rioloides, Limnius perrisi and Micronecta scholtzi). (viii) West Palaearctic
species with restricted distribution in Europe, including central Europe (Deronectes platy-
notus, Ilybius crassus).

Representatives of the order Ephemeroptera of the Bohemian Forest lakes represents a
transitory group, because of equal number of species distributed in large areas and in West
Palaearctic. Generally, mayflies possess a very low vagility and, consequently, a large num-
ber of species exhibits small, restricted or even endemic areas (cf. HayBacH 1998, BARBER-
-James et al. 2008, BAUERNFEIND & SoLDAN 2012). Extremely short life-span does not enable
an active flight over long distances or to break dispersal barriers. It is also connected with
relatively high speciation rate. Moreover, most species are restricted to running waters only
and habitat-specialised with narrow ecological range. In fact, the studied lakes represent
disturbed habitats, where mostly not specialised species are able to survive. These species
are often simultaneously widely distributed. The ubiquitous Cloeon dipterum is the only
species occupying a large area, distributed in the transitory Palaearctic-Oriental area (in
India and China). Siphlonurus alternatus and Ephemerella mucronata are the only Holarctic
species (Table 19). The former is circum-boreal with a boreo-montane distribution in Euro-
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pe. Seven species are Palaearctic (e.g., Siphlonurus lacustris, Baetis vernus, Leptophlebia
marginata), or even Transpalaearctic (Ameletus inopinatus, Leptophlebia vespertina, Ephe-
merella ignita). A. inopinatus is boreo-alpine in Europe. Nine species are West Palaearctic.
There are widely distributed and abundant species (e.g., Baetis rhodani, Habroleptoides
confusa, Habrophlebia lauta) and species with restricted area (e.g., Rhithrogena spp.). Two
species, Ecdyonurus silvaegabretae and E. austriacus, are probably endemic in central Eu-
rope.

The last group of studied taxa consists of the orders dominated by West Palaearctic spe-
cies. These are Megaloptera (100%), Plecoptera (84% of species), and Trichoptera (66%).
Except for some Trichoptera, representatives of these groups are generally bad fliers with a
considerably restricted life-span. Most dispersers are concentrated within 10-20 m distance
of the stream post-emergence and seldom fly more than 100 m perpendicular to the stream
channel (e.g., SoDE & WIBERG-LARSEN 1993, GrirfiTH et al. 1998, PETERSEN et al. 1999). Al-
though some imagines of stoneflies can be captured over than 500 meter or even a kilometer
from the stream, 90% of imagines are usually trapped within 11 m (Briers & GEe 2004,
MacNEALE et al. 2005). Moreover, dispersal in some stoneflies is apparently restricted by
brachyptery of males (e.g., Capnia and Diura). Strong fliers such as many large Limnephi-
lidae and Hydropsychidae caddisflies were found to disperse several kilometers from their
native habitats (e.g., CRicHTON & FisHER 1982, Kovarts et al. 1996) and thus are considered
good dispersers (SobE & WIBERG-LARSEN 1993). Flying ability is not the only factor determi-
ning the area size of species of these groups. The majority of species with large areas be-
longs to habitat generalists that often have flexible life-cycles and/or occur in large quantities
(Grar et al. 2009, 2008). In contrast, species with restricted areas often include habitat spe-
cialists with fixed life cycles. Distribution of many mountain species is undobtedly influen-
ced by historical events, such as speciation in isolated mountain ranges or periglacial survi-
val and dispersion from refugia.

There are no species with large areas and only three Holarctic species in the Bohemian
Forest lakes (stonefly Diura bicaudata, and caddisflies Limnephilus nigriceps and L. rhom-
bicus; Table 19). Altogether 13 species of caddisflies are Palaearctic (mostly Limnephilidae,
Polycentropodidae and Phryganeidae: Limnephilus coenosus, Polycentropus flavomacula-
tus, Phryganea bipunctata). Four Palaearctic stoneflies simultaneously represent abundant
species of a wide ecological range with really Transpalaearctic distribution (Amphinemura
standfussi, Nemoura cinerea, Nemurella pictetii, Leuctra fusca). Within West Palaearctic
species altogether 12 species of caddisflies and 8 species of stoneflies are distributed almost
throughout the whole Europe (Table 19). Some species restricted to central Europe and clo-
se adjacent areas (8 species of caddisflies, e.g., Rhyacophila glareosa, Apatania fimbriata,
Halesus rubricollis, Melampophylax nepos, and 5 species of stoneflies, e.g., Leuctra pusilla,
L. pseudocingulata, Protonemura lateralis). Six species of stoneflies (e.g., Leuctra alpina,
L. aurita), and caddisflies Rhyacophila praemorsa and Drusus annulatus are distributed
predominantly in central and west Europe, and caddisfly Allogamus uncatus in central and
southestern Europe. Caddisfly Wormaldia occipitalis is distributed in the whole Europe ex-
cept for its eastern parts and eight stoneflies (e.g., Brachyptera seticornis, Protonemura
montana) and remaining species of caddisflies (e.g., Plectrocnemia geniculata) are distribu-
ted in the whole Europe except its eastern and northern parts (Table 18).

Distributional patterns

To analyse biogeographic composition of insect fauna of the Bohemian Forest lakes, we
evaluated the distribution of species within Europe separately in detail. Of the total 267
species evaluated (Table 19), we have selected 253 species with sufficient information on
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Table 20. Numbers of species recorded in the Bohemian Forest lakes (incl. inlets and outlets) distributed in
Europe or the Westpalaearctic subregion.

Distributional type No. of species
West-Central 23
North-Central 12
East-Central 4
South-Central 8
Central 21
West-Central + North-Central 28
West-Central + South-Central 9
South-Central + East-Central 1
North-Central + East-Central 9

their areas. Of these, 138 species show almost equal distribution within the whole Europe
(i.e. occur in four or five European subareas, Table 19). These species mostly belong to lar-
gely distributed (Palaearctic, Holarctic, and large area species) and rather eurytopic and
abundant species able to inhabit a wide extent of aquatic habitats. The remaining 115 speci-
es have restricted areas. Species occurring only in central Europe or in closely adjacent
areas show the most restricted areas (CE = 21 species, Table 20). This group consists main-
ly of stoneflies (e.g., Leuctra pseudocingulata, L. pusilla, Protonemura lateralis) and caddis-
flies (e.g., Pseudopsilopteryx zimmeri, Halesus rubricollis, Allogamus uncatus). Some spe-
cies can be even considered endemic in this area (Ecdyonurus silvaegabretae, E. autriacus,
Psilopteryx psorosa bohemosaxonica). The share of east European species is very low (EC
=4 species, SC+EC = 1 species, Table 20). In fact, there are no species with a typical eastern
European or eremial (steppe) distribution and Carpathian species do not reach Hercynian
mountains. The only “eastern” species extending to the Bohemian Forest lakes are species
with circum-boreal distribution pattern (NC+EC = 9 species, Table 20), such as Aeshna
subarctica, Enallagma cyathigerum, and Ephemerella mucronata, and species with boreo-
-montane distribution pattern, such as Glaenocorisa propinqua, Molanna nigra, Molanno-
des tinctus, and Ilybius crassus (NC = 12 species, Table 20). Atlantic or west European
elements have a considerable influence on the composition the Bohemian Forest lakes fauna.
There are two principal components of this group of species: (i) West-Central species (WC
= 23 species, Table 20). Some of them show the eastern border of their areas just in the Bo-
hemian Forest (e.g., Eukiefferiella pseudomontana) or they extend eastward to Slovakia and
Hungary (several chironomids, e.g., Cardiocladius capucinus, and a caddisfly Drusus annu-
latus). (i1) West-Central species extending to Fennoscandia (WC+NC = 28 species, Table 20;
e.g., the beetle Hydroporus incognitus) or to Mediterranean (WC+SC = 9 species, Table 20;
e.g., the stoneflies Leuctra rauscheri, Chloroperla tripunctata, the aquatic bug Micronecta
scholtzi, and the caddisfly Plectrocnemia geniculata). Species with Mediterranean distribu-
tion extended to central Europe, such as the mayflies Rhithrogena iridina and R. loyolaea,
and the beetle Elmis rioloides are relatively rare (SC = 8 species, Table 20).

Generally, the area of the Bohemian Forest including the glacial lakes represents a
“crossroad”, meeting all possible European distributional types with the exception of eastern
European. They are situated within the eastern border of the area of west European (Atlan-
tic) species, within the northern border of south European (submediterranean) species and
within the southern border of north European species (e.g., boreo-montane species).

The most important historical event forming the areas of recent fauna of the lakes was the
last Pleistocene glaciation. Lasting for about 110 000 years including short warmer period of
about 20 000 years (Riss-Wiirm interglacial), this glaciation (called also Wiirm or Wisla
glaciation) terminated about 15-10 thousand years ago. The maximum southern border of
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continuous glacier reached the Krkonose (Giant) Mts. in the Sudetes and the Carpathians in
the last but one, third glaciation (Riss), enabling more free area shifts thanks to more favou-
rable climatic conditions (OHLEMULLER et al. 2012). The Bohemian Forest was not continu-
ously covered with ice. There is geological evidence for 10—11 relatively small glaciers at the
highest altitudes of the Bohemian Forest that had directly formed corries of the lakes closing
them by face moraines with some boulders greater than 1 m®. For instance, two glaciers on
Grosser Arber Mt. caused the formation of Grosser Arbersee and Kleiner Arbersee, three
glaciers were formed on Rachel Mt., where only one lake (Rachelsee) has been preserved
(RATHSBURG 1930, CHABERA 1975, VESELY 1994). Using the dating of the Grosser Arbersee
sediments by the “C methods, the beginning of the postglacial period started up 9600-10
000 years ago (MicHLER 1984); the emergence of Plesné Lake has been dated to 14.2 thou-
sand years ago (TAtosova et al. 2006). The studied lakes and their fauna could be affected
also by a large but isolated glacier in the Alps. Generally, post-glacial aquatic fauna can be
characterised as “mixed” (“glaziale Mischfauna”) consisting of species withdrawing from
the area with continuous glaciation (“ndrdliche Gletcherrandarten™) and species withdrawing
to the north from isolated but progressive glacier of the Alps (“siidliche Gletcherrandarten™)
according to THIENEMANN (1950).

Direct consequence of glacier oscillation and withdrawal northward was the extinction of
not only rests of Tertiary thermophilous fauna but also of most other elements, except for
resistant eurytherm species (VIETs 1940). Only a small number of them reached southern or
Mediterranean refuges due to west-east mountains range orientation. However, there is only
limited information on the late- and post-glacial origin of aquatic insects. It is assumed that
the main glacial refuges are primarily situated in three main European peninsulas, Iberia,
Italy, and the Balkans, from which species had the potential to re-colonise Europe since the
last glaciation (cf. OHLEMULLER et al. 2012). Climate-based analysis of glacial source locati-
ons also provides support for the existence of central-western European areas, in which
temperate species could have persisted, and northern areas, in which particularly boreal
species could have persisted during the last glacial maximum (OHLEMULLER et al. 2012).
Occurrence of both temperate and boreal species north of the main mountain chains are
generally considered to be spatially limited, occupying small areas of favourable microcli-
mate and supporting relatively small populations (STEWART & LisTer 2001, RuLtL 2009). One
of the small and patchy areas with high glacial source potential may have been located in the
central European lowland northwards of the Alps (OHLEMULLER et al. 2012), which may ser-
ve as refuges for the Bohemian Forest fauna.

Comparing the areas of distribution of central European Trichoptera, Maricky (1983)
found that their refuges do not correspond with any known biome type (= “Biochore” accor-
ding to bE LATTIN 1967), i.e. Arboreal, Oreotundral, and Eremial. Thus, the new biome type,
Dinodal, outside of any refuge in central Europe has been proposed (MaLicky 1983, 2006)
and recently confirmed by molecular analyses (e.g., PauLs et al. 2006, LEHrIAN et al. 2009,
PrEvISIC et al. 2009).

Species protection of aquatic insect fauna

The Bohemian Forest glacial lakes are unique relict aquatic habitats, which are undoubtedly
inhabited by specific assemblages rarely observed elsewhere in the Czech Republic. Natu-
rally humic waters are known to host communities adapted to low pH, often with a high
conservation value. Although the lakes were subjected to strong anthropogenic acidification,
their fauna is worth of attention from the point of view of species protection. According to
the current Red List of Invertebrates of the Czech Republic (Farkac et al. 2005), 30 of 302
species found in total are threatened (Table 21). However, there are several insect families
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(e.g., Chironomidae) not evaluated in FARKAC et al. (2005) due to insufficient knowledge on
distribution and ecology of their species. On the contrary, the knowledge on the distribution
and actual imperilment of many species has been extended since 2005. Moreover, several
species were newly recorded from the Czech Republic. Therefore the protection status of
selected species should be re-evaluated.

In mayflies, predominantly eurytopic species were found due to high sensitivity of the
group to acidity. Only one species, Rhithrogena loyolaea, has been classified to be vulne-
rable in FArkAC et al. (2005) (Table 21). It is relatively abundant and widespread in other
European areas, e.g., in the Tatra Mts., the Alps, and the Pyrenees (BAUERNFEIND & SOLDAN
2012). In the Czech Republic, however, it is very rare (ZAHRADKOVA et al. 2009) that might be
connected with acidification of Hercynian mountains. Two species were recorded in the
Czech Republic after 2005, Ecdyonurus silvaegabretae and Ecdyonurus cf. austriacus. The
former has been newly described from several localities in the Bohemian Forest (SOLDAN &
Gobunko 2006). Although its geographic distribution is not known in detail, its present area
shows some distributional restriction. The larvae are specialised to clear epirhitral stream
habitats and are likely sensitive to organic pollution. These reasons classify the species as
vulnerable. Ecdyonurus cf. austriacus shows similar limitations like E. silvaegabretae,
however, species delimitation remains still not clear (SoLpAN et al. 2008) (Table 21). There-
fore, this species rather belongs to the data deficient category. Siphlonurus alternatus repre-
sents a relict boreo-montane species, which has limited occurrence in the Czech Republic
(ZaHurADKOVA et al. 2009). Czech Bohemian Forest lakes are situated on or near the southern
border of its European subarea. Due to its sparse occurrence, it is suggested to be classified
near threatened. Considering the Red List of mayflies of Germany (MALzACHER et al. 1998),
Ameletus inopinatus is evaluated endangered in Germany, where it lives near its southern
area border.

In Odonata there are two critically endangered species, Aeshna caerulea and Ae. subarc-
tica (Table 21). These species have been classified critically endangered due to their restric-
tion to several local populations in mountain areas and their high sensitivity to any anthro-
pogenic activities (Dorny et al. 2007). Two vulnerable species (4e. juncea and Leucorrhinia
dubia) and one near-threatened species (Coenagrion hastulatum) are especially endangered
due to habitat loss and degradation of wetlands (DoLnY et al. 2007). The occurrence of Ae.
viridis is not confirmed in the Czech Republic, therefore, finding of larvae in the Certovo
Lake outlet justifies its preliminary classification to the data deficient category.

With the exception of a few eurytopic species, all representatives of the order Plecoptera
are highly sensitive to any changes of their habitats and all types of pollution. Thus, it is
complicated to strictly define the categories of protection in individual species. The only
criterion to solve this problem is evaluation of long-term changes of their distribution. Re-
cently, we have acquired sufficient data describing major changes of taxocenoses in the past
hundred years (Boikova et al., 2012). Generally, some species do not change their distributi-
on, though they are rare. Conversely, others originally very abundant have substantially
decreased their areas, although they are still rather common in the Czech Republic. These
species should be considered near-threatened. Moreover, several species included in the Red
List (FARKAC et al. 2005) require a re-classification, because they are not actually disappea-
ring or their present distribution is suggesting that they are more frequent than supposed
earlier. Diura bicaudata and Siphonoperla torrentium showed no distributional changes
(Boikova et al., 2012), while Capnia vidua and Leuctra pseudosignifera were found at nu-
merous new localities (earlier they were probably overlooked due to their emergence in late
winter or early spring). Consequently, the above mentioned species should be excluded from
the Red List. Leuctra pusilla was included in the Red List as Leuctra handlirschi, which
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Table 21. Red-list species found in the Bohemian Forest lakes (including inlets and outlets; see Table 1 for
lake codes). Full circles indicate the species listed in the red-list of invertebrates of the Czech Republic by
Farkac et al. (2005), empty circles the species not included in this list; question mark indicates disputable
species or species with proposed change of the category of protection status. Occurrences of species in Ger-
man lakes are in brackets because they should be evaluated according to German red-list. Abbreviations of
protection status categories: RE — Regionally extinct, CR — Critically endangered, EN — Endangered, VU

— Vulnerable, NT — Near threatened, DD — Data deficient.

Order / Species Lake(s) RE | CR | EN | VU | NT | DD
Ephemeroptera

Siphlonurus alternatus PL, PR, LA o
Ecdyonurus silvaegabretae LA o
Ecdyonurus austriacus CT o
Rhithrogena loyolaea LA °

Odonata

Coenagrion hastulatum PL, (GA, KA, RA) °
Aeshna caerulea PL, PR, (RA) °

Aeshna juncea PL, PR, LA, (GA, KA, RA) °

Aeshna subarctica CN, PL °

Aeshna viridis CT o
Leucorrhinia dubia CN, (KA) °

Plecoptera

Diura bicaudata CN, CT, PR, LA, (GA, KA) °?
Siphonoperla torrentium PR, LA, (GA, KA) °?
Chloroperla tripunctata CT °
Amphinemura standfissi CT, PR, LA, (RA) °

Capnia vidua CN, CT, LA, (GA, KA) °?

Leuctra alpina PL, LA °

Leuctra pseudosignifera CN °?
Leuctra pusilla CN, PL, PR, LA, (GA, KA, RA) ° o
Heteroptera

Cymatia bonsdorffi LA, (GA) °

Glaenocorisa propinqua all lakes °

Corixa dentipes PL, PR, LA °
Sigara semistriata PL, PR, LA, (GA, KA, RA) °

Notonecta lutea LA, (GA) °

Notonecta reuteri CN °

Gerris lateralis PL °

Trichoptera

Plectrocnemia geniculata CN, CT, PR °

Drusus chrysotus CN o
Acrophylax zerberus CN, LA °

Molanna nigra CN, CT, PR, (GA) °

Molannodes tinctus PL, LA, (KA) °

Coleoptera

Deronectes latus CN, CT, PL, PR, (KA, RA) °
Nebriopporus assimilis PR ° o

Ilybius crassus PR, LA, (GA, KA, RA) °

Cyphon punctipennis PR, (RA) °

Donacia obscura LA, (GA, KA, RA) °

Chironomidae

Heterotrissocladius grimshawi | CN, CT, PL?, LA, (GA, KA, RA) o

Psectrocladius barbatipes LA o

Pagastiella orophila (KA) o
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actually does not occur in the Czech Republic. The distribution of L. pusilla in the Czech
Republic is not known in detail; therefore the species rather belongs to data deficient catego-
ry (Table 21). Several other species recorded from the Bohemian Forest lakes probably could
be re-classified based on the comparison of historical and present data.

Seven rare species of water bugs are included in the Red List (FARKAC et al. 2005). Four of
them are considered endangered (Cymatia bonsdorffii, Glaenocorisa propinqua, Notonecta
reuteri and Gerris lateralis), two vulnerable (Sigara semistriata and Notonecta lutea), and
one near threatened (Corixa dentipes) (Table 21). G. propinqua is the most remarkable water
bug species of the Bohemian Forest lakes that harbour its only large population in the coun-
try. This pelagic species swims in open water zone of cold oligotrophic waters without fish
(or with sparse fish occurrence, HENrRIksON & Oscarson 1978). Such habitats are very scarce
in the Czech Republic, thus, it is pleasing that this species is quite common in all the studied
lakes at present. This unique case likely has been the consequence of acidification, which
caused the past fish extinction in the lakes (VRBA et al. 2003a), on the one hand, and the
ongoing biological recovery, which obviously provides more abundant prey for the popula-
tion increase in some acidotolerant top predators (beetles and bugs, HENRIKSON & OSCARSON
1978, CAarRBONE et al. 1998), on the other hand. The conservation of G. propinqua will depend
on preserving the natural state of the lakes without fish stocking in the future. Other recor-
ded rare water bugs are confined to oligo- to dystrophic and/or peaty habitats. Cymatia
bonsdorffii, Notonecta reuteri, and N. lutea are strictly tyrphophilous in central Europe and
their occurrence is known in the Bohemian Forest peat bogs; the lakes are rather marginal
habitats for them. Both mentioned backswimmers prefer littoral habitats with peat mosses,
while C. bonsdorffii requires vertical substrates for perching, usually plants but occasional-
ly also large stones (TuLLy et al. 1991, KMENT & SMmEKAL 2002). The boreo-montane species
G. lateralis is a poor competitor, which prefers small shaded pools without other Gerris
species. Its suitable habitats are in the vegetated littoral developed along gentle banks with
small pools among macrophyte beds (VEPSALAINEN 1973, KMENT & SMmEKAL 2002). Except
Glaenocorisa propinqua, all the mentioned endangered water bug species of the studied
lakes require well-preserved natural littoral with aquatic vegetation, but without inappropri-
ate management measures in the future, such as sediment removal or water level fluctuati-
on.

In Trichoptera, from 46 species recorded only four species are included in the Red List
(FarkAC et al. 2005) (Table 21). The boreo-montane Molanna nigra was classified critically
endangered. It originally occurred in Grosser Arbersee, Cerné, Certovo, and Prasilské lakes,
(KraraLek 1903, Novak 1996) and was proved only from Prasilské Lake at the end of the last
century. Recently, it was re-collected also from Certovo Lake and Grosser Arbersee. Ongo-
ing investigations will probably provide a better basis for classification of this species. Simi-
larly, the endangered Acrophylax zerberus, known only from a few earlier records, was re-
cently collected in several lake inlets and outlets. Molannodes tinctus was classified
endangered due to decreased frequency in comparison with the first half of the 20™ century.
A vulnerable species Plectrocnemia geniculata is a rare species which inhabits undisturbed
spring habitats. Drusus chrysotus is known only from a single very recent record from the
Czech Republic (Cuvoika et al. 2009). This locality probably lies on the limit of its area and
the species should be treated as data deficient at present.

Five species of aquatic beetles are classified threatened: one critically endangered, one
endangered, and three vulnerable (Table 21). The diving beetle Nebrioporus assimilis was
considered regionally extinct in the Czech Republic since the only record was based on an
old undated material probably from the Brdy Mts. collected before 1961 (BoukaL et al.
2007). At present, Prasilské Lake is the only place of its recent occurrence in the Czech
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Republic. Consequently, its status should be changed from regionally extinct to critically
endangered (BoukAL et al. 2012). Since the species is known from surrounding countries, its
occurrence in the Czech Republic is limited mostly by the lack of suitable well-preserved
habitats of oligotrophic lakes and rivers with sandy bottom. The vulnerable diving beetle
Deronectes latus, which prefer oligotrophic smaller streams in central Europe, is distributed
locally at higher altitude across the entire Czech Republic (BoukaL et al. 2007). The remai-
ning three threatened species, Ilybius crassus, Cyphon punctipennis, and Donacia obscura,
are tyrphophilous and are typical inhabitants of peaty habitats with well-preserved specific
vegetation beds at higher altitude. Their distribution in Europe shows a boreo-alpine pattern.
In the Czech Republic, they are mainly distributed in Bohemia (BouxkaL et al. 2007). The
protection of all mentioned species in the Czech Republic is possible only by strict conser-
vation of their mostly relict habitats and preventing the changes of their water regime, habi-
tat degradation and pollution.

The chironomid fauna of the Czech Republic is relatively poorly known in comparison
with neighbouring countries, despite the long tradition of study. Chironomidae of many
aquatic habitats have not been studied yet, and the current check-list does not include a num-
ber of quite common species. The insufficient data do not allow the outline of distributional
patterns and/or the estimate of population sizes of individual species. Therefore, the first
proposal of the chironomid classification for the Red List (Table 21) could comprise three
species with relatively known ecology and distribution. Heferotrissocladius grimshawi is
considered to be indicative for cold, well-oxygenated conditions in European lakes, but it is
absent in the Carpathian lakes (TaToLE 2004, Brrusik 2004). Thus its distributional limit in
south-eastern Europe is most probably located in the Czech Republic. Psectrocladius (Me-
sopsectrocladius) barbatipes prefers probably cold mountain lakes; for example, it was
found being one of the indicative species for subalpine lakes in the Tatra Mts. (BiTusix et al.
2006). One can suppose that the Bohemian Forest lakes provide the only habitats for the both
above mentioned species in the Czech Republic. Pagastiella orophila is generally indicative
of shallow dystrophic lakes with naturally low pH. It seems that the species has been nega-
tively affected by strong anthropogenic acidification; consequently, the recent findings in the
lakes are rare.

Considering data from the neighbouring Bavaria (ORENDT & REIFF 2003), the following
taxa could be included in the list as well: Macropelopia notata, Chaetocladius dissipatus,
Krenosmittia boreoalpina and Micropsectra fusca, but further information on their distri-
bution in the Czech Republic are needed.

Classification of the lakes based on aquatic insects

On the basis of the cluster analysis of recent species data (altogether 196 species), the Bohe-
mian Forest lakes were classified into four subgroups on an arbitrary chosen level of 50% of
dissimilarity of assemblages. There is a group of five Czech lakes, on one the hand, and a
group of three German lakes, on the other (Fig. 15). The former consists of two subgroups,
the two largest lakes (Cerné, Certovo) and three remaining Czech lakes (Pragilské, Pleiné,
Laka). The German lakes comprise a subgroup consisting of Grosser Arbersee and Kleiner
Arbersee, and Rachelsee dissimilar to all other lakes (Fig. 15). The same grouping of the
lakes was obtained when the whole dataset including historical data was analysed. Separate
analyses of the dataset of benthic littoral assemblages (Ephemeroptera, Odonata, Plecoptera,
Trichoptera, Megaloptera, and Diptera), and the dataset of actively moving/swimming litto-
ral assemblages (Heteroptera and Coleoptera) resulted to the same dendrogram as well (re-
sults not shown). It indicates high invariability of the grouping of lake insects, which is si-
milar even in different ecological groups of insects.
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Cerné and Certovo lakes possess virtually the same aquatic insect assemblages (Fig. 15),
despite the affiliation to different river basins (the Elbe River and the Danube River, respe-
ctively). It is caused by a high similarity of their littoral zones and their proximity. The litto-
ral of both lakes is almost without any vegetation and bottom substrate is dominated by in-
organic particles (sand, gravel, and boulders) with organic debris. These lakes are deepest
and about twice larger than all other lakes by area, but one-order-of-magnitude larger on the
volume basis, with the longest retention times (cf. Table 1), and are thus the most oligotrophic
among the lakes (Table 2). Contrary to all other lakes, their bedrock consists of pure mica-
-schist (Table 1). The lakes are recently inhabited by 70 species, 15 species (21%) of which
were not found in other lakes. Assemblages of these lakes differ from the others by the fre-
quent presence of lotic species in the lake littoral, which is caused by a coarse substrate
identical or very similar to surrounding streams. Typical examples are Sialis fuliginosa,
Agabus guttatus, and Deronectes latus, common in the most inlets and outlets of the lakes,
and an abundant population of Nemoura avicularis, which is a stonefly inhabiting predomi-
nantly rhithral streams, yet occurring in oligotrophic lakes, as well. Populations of Sialis
fuliginosa and S. lutaria in these lakes were the most abundant compared to other lakes.

The subgroup of the remaining Czech lakes (Prasilské, Plesné, Laka) represents the lakes
of different size, depth, water volume, bedrock (granite, mica-schist, and gneiss; Table 1) and
also water chemistry (Table 2). The assemblages of these lakes are yet similar to the oligot-
rophic Cerné and Certovo lakes. All Czech lakes share 50 species. Of these, 34 species are
shared by all subgroups of lakes. Prasilské, Plesné, and Laka lakes are characterised by the
littoral dominated by Carex rostrata, especially in Laka Lake. Yet the stony, gravel, and/or
coarse-sand bottom rich in organic debris is frequent in both Plesné and Prasilské lakes.
Altogether 136 species were recently found in the subgroup of Prasilské, Plesné, and Laka
lakes, 49 (36%) of them exhibit a unique occurrence in this subgroup of lakes. The majority
of them are common inhabitants of different types of standing waters with rich emerged
vegetation (e.g., Microvelia reticulata, Corixa punctata, Hydroporus incognitus). Most of
them are rather eurytopic. Such species (e.g., Leptophlebia marginata, Nepa cinerea, Hyd-
roporus planus, Dytiscus marginalis, Chaoborus obscuripes) were found especially in Laka
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Fig. 15. Cluster analysis of the Bohemian Forest lakes based on recent presence—absence data using Ward’s
method and Bray-Curtis index of similarity. Dash line indicates cut level. Species unique for individual
groups and pairs of groups of lakes are listed; only species present in all lakes of the group/a pair of lakes
and absent in all other lakes are given.
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Lake, which is the shallow and least acidified lake with highly developed littoral and emer-
ged vegetation. Due to apparently convenient conditions and pronounced recovery from acid
stress, some upstream immigrants can survive and reproduce in Laka Lake and in the upper
part of its outlet, as documented by the example of Ephemeroptera. Two species (Siphlonu-
rus aestivalis and Leptophlebia marginata) commonly occurring at lower altitudes appeared
in the lake during the past decade. Two rare species (Rhithrogena loyolaea and Ecdyonurus
silvaegabretae) apparently have migrated upstream to the upper part of outlet recently. Fur-
ther similar successful migrants are Rh. iridina, Habrophlebia lauta, and Ephemerella
mucronata that have inhabited the Laka outlet. The second group includes all German lakes,
which are very dissimilar to those Czech (Fig. 15). German lakes are characterised by simi-
lar areas, depths and water volumes, and by identical composition of the bedrock (Table 1).
They differ from the Czech lakes by substantially higher amount of organic matter in the
bottom substrate and waterlogged bryophytes and sedges, which are favourable for dragon-
fly larvae and many aquatic beetles. Therefore, the assemblages of the German lakes are
characteristic of lower shares of Ephemeroptera, Plecoptera, and Heteroptera, for which the
shallow littoral with deep organic sediment is not suitable, and more dragonflies and aquatic
beetles than in Czech lakes (Fig. 16). Many of the 26 species (25% of all species found in
German lakes) not found in Czech lakes prefer shallow, muddy, and organic or peaty sub-
strate (e.g., Coenagrion puella, Gerris gibbifer, Hydroporus obscurus, Helophorus granu-
laris, Enochrus affinis, and Tabanidae). German lakes share 70 species with the Czech lakes
with sedge littoral (Plesné, Prasilské, Laka) and only 40 species (yet 34 of them are shared
by all lake subgroups) with the Czech lakes with inorganic littoral (Cerné, Certovo). The
former species are predominantly acid-tolerant (or tyrphophilous), preferably occurring in
the littoral with rich vegetation (e.g., Aeshna juncea, Sigara semistriata, Ilybius crassus,
Donacia obscura).

Within the group of German lakes, Grosser Arbersee and Kleiner Arbersee have dissimi-
lar assemblages to Rachelsee. This is probably caused by substantially lower altitude and
unique character of the littoral (dominated by bryophytes) of both Grosser Arbersee and
Kleiner Arbersee. Moreover, Rachelsee was strongly acidified in the past and originally ra-
ther species-poor, as was shown in crustacean species richness (VRBA et al. 2000, 2003a).
This lake hosts a species-poor benthic assemblage (only 58 species/taxa found, Table 5). It
consists only of acid-tolerant (or indifferent) and eurytopic species, which are not characte-
rised by any specific characteristics.
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Fig. 16. Shares of aquatic insect groups in the assemblages of German and Czech lakes (only recent data
were used).
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The results of cluster analyses did not show a similarity of aquatic insect assemblages
according to a current acidification status of lakes, demonstrating the importance of other
environmental factors for aquatic insects. The chronically acidified lakes (Cerné, Certovo,
Plesné, and Rachelsee) are present in all subgroups of lakes; Rachelsee is very dissimilar to
all others (Fig. 15). Surprisingly, the similar, least acidified lakes (Laka, Grosser Arbersee,
Kleiner Arbersee) are not grouped either. On the other hand, lake littoral characteristics are
probably not the only governing factors for benthic assemblages. This is indicated by the
species composition of the sedge-dominated littoral of Rachelsee, which is more similar to
peat-moss-dominated Grosser Arbersee and Kleiner Arbersee than to Plesné and Prasilské
lakes. Likewise, the fauna of the shallow Laka Lake is not similar to other lakes possessing
large shallow littoral vegetation belts (Grosser Arbersee and Kleiner Arbersee).

Our results do not correspond with the classification of the Bohemian Forest lakes based
on pupal exuviae of Chironomidae (Bitusik & Svitok 2006). The disagreement of classifi-
cations is obvious, because samples of pupal exuviae describe the chironomid assemblages
of the whole lake, including sub-littoral and profundal zones, unlike benthic assemblages
sampled only in the littoral zone. BiTusik & SviTok (2006) stressed the importance of geo-
graphic position (longitude or altitude) of lakes and their alkalinity for lake chironomids.
However, both longitudinal and altitudinal gradients are very short in the Bohemian Forests
lakes and can be the surrogates of other unmeasured factors. The longitudinal gradient is
within one degree (13°07°-13°52’) and even less if the outlying Plesné Lake is excluded (cf.
Fig. 1). The altitudinal gradient is less than 200 m. Our results suggested a prevailing influ-
ence of littoral substrate on benthic assemblages.

Tracking trends of recovery of Ephemeroptera, Plecoptera, Trichoptera, and Hetero-
ptera in past two decades

Reductions in the deposition of acidifying compounds across Europe (STobpARD et al. 1999,
KorACEK & VESELY 2005) led to consequent widespread chemical recovery of inland surface
waters (Evans et al. 2001). Biological recovery, however, has followed up with a time lag,
taking place apparently slowlier than chemical recovery, and still remains less pronounced
(e.g., MonTEITH et al. 2005, NEpBALOVA et al. 2006, ORMEROD & DuraNCE 2009). Naturally, a
detection of biological recovery depends on the choice of indicator and the choice of habitat
(stream, pond or lake, littoral or pelagic zone). Organisms with short generation times, high
dispersal abilities, and propagule banks are expected to recover relatively rapidly from stress
(FinpLay 2003). Habitats with long water retention time (lakes) are less dynamic and their
biological recovery is probably more lagged than in habitats with relatively short water re-
tention time (streams). Generally, phytoplankton and zooplankton often show early signs of
recovery strongly related to increases in pH (STENDERA & JoHNnsoN 2008, GRAY & ARNOTT
2009 and further references herein). Data on the recovery of benthic macroinvertebrates
from lakes are scarce and often equivocal (e.g., HyNYNEN & MERILAINEN 2005, LENTO et al.
2008, STENDERA & Jonnson 2008). In streams, there is an evidence of recovery demonstrated
by re-occurrence of sensitive species (e.g., ALEWELL et al. 2001, Rappuwm et al. 2001, TippING
et al. 2002, OrMEROD & DURANCE 2009). Several factors may confound recovery of inver-
tebrates. These are especially inadequate supply of colonists due to regionally impoverished
diversity or remoteness of habitats, bottom-up processes, input of toxic metals, and episodic
events resetting the system to pre-recovery levels (Yan et al. 2003). Moreover, invertebrate
assemblages established during the acid phase can be resistant to change and impede re-co-
lonisation by acid-sensitive taxa (LEDGER & HiLDrREW 2005).

Biological recovery can be indicated by decreased predominance of acid-tolerant taxa,
re-colonisation of acid-sensitive taxa, and increased species richness and diversity (e.g.,
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Gray & ArnotT 2009). We expected, however, that the appearance of sensitive species in
the Bohemian Forest was definitely not a sufficient indicator of biotic recovery of macroin-
vertebrates, because the lakes were humic before anthropogenic acidification (VrBA et al.
2000). Both scarce pre-acidification pH data since the 1930s (for review, see VRBA et al.
2000) and backward pH modelling of lake water since 1850 (MAJER et al. 2003) suggested a
natural acidity of some Czech lakes (e.g., Certovo and Plesné). Therefore, the resident macro-
invertebrate biota likely was influenced by naturally lower pH. This was indicated by the
pre-acidification macroinvertebrate data, although they were fragmentary. The Ephemerop-
tera, Plecoptera, and Trichoptera (EPT) taxocenoses of the studied lakes have been continu-
ously composed of highly-tolerant and tolerant species (classified according to SCHARTAU et
al. 2008), or tolerant, resistant, and very resistant species (according BRAUKMANN & Biss
2004). In this case, indicator values of acidity developed for different European regions ge-
nerally corresponded. Clear-water and humic lakes probably have different reference condi-
tions and response to acidification (cf. ScHARTAU et al. 2008, McFARLAND et al. 2010). Howe-
ver, any comparisons of reference assemblages, impacts of acidification, and the course of
recovery in humic and clear-water lakes are not available. We expected that the effect of
acidification was smaller in humic (i.e. naturally acid) waters, because acidification metrics
based on benthic macroinvertebrates were found to be higher in humic than in clear waters
at given pH (ScHarTAU et al. 2008, Mok et al. 2010). Naturally acid waters host macroinver-
tebrate assemblages of different composition but similar species richness (DANGLEs et al.
2004). It can be connected with ameliorating effects of DOC on the toxicity of metals, such
as aluminium (DriscoLL et al. 1980), and evolved adaptation and/or exaptation of some
macroinvertebrates to low pH in naturally acid waters (cf. DANGLES et al. 2004, PETRIN et al.
2007). We expected that the role of acid-sensitive species was not so crucial in the biological
recovery as in clear-water lakes, because original taxocenoses were very likely composed of
the species able to tolerate natural level of acidity. We have fragmentary information on pre-
-acidification biota (or reference conditions) of the Czech (but not German) lakes and no
information on total species richness of original taxocenoses. Thus, it is hard to determine
the target taxocenoses, in which successful recovery results. Our data allow us to infer indi-
rectly the recovery processes based on comparison of species richness of different groups.
In the present study, we have selected the EPT taxa and true water bugs (Heteroptera:
Nepomorpha) to demonstrate a recovery process of the Bohemian Forest lakes (Fig. 17). EPT

40

tzZ2 Heteroptera %
é 30- 3 Trichoptera . %
8 % 3 Ephemeroptera . % ” ” /
‘g 204 7% M Plecoptera %é % %%
3 f 0 ppal 7 7. DEAL
€ 101 @%I e 221A é%é éAI
2| HE9Y gREE HEEH Hgdd EFOL

- e = ==
0- <t N © v < N O < N O «— V!X)\— < N O «—
tIrg ITa33 IT3233 T373 T37%
2333 5566 codz EFFE SS3S

Fig. 17. Number of species of the Ephemeroptera, Plecoptera, Trichoptera, and aquatic Heteroptera found
in selected (Czech) Bohemian Forest lakes in the past twenty years (periods 1994-1996, 2000-2002, 2007—
2008, and 2010-2011). * indicates insufficient sampling of the group leading to lower number of species
recorded.
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taxa were chosen owing to sufficient long-term data, i.e. they had been sampled during the
past 20 years, yet we did not know the original composition EPT taxocenoses in detail. Mo-
reover, rather unequal attention has been paid to the Czech compared to German lakes; the
latter have been more intensely sampled only recently, i.e. within some five past years. We
also added true water bugs, because they represent an insect group with quite different dis-
persal ability or vagility compared to EPT taxa and they have good predispositions for aci-
dotolerance due to their hard cuticle and way of air breathing from extra body air bubble
removable on water surface. The results concerning Heteroptera, however, should be evalua-
ted with respect to different sampling frequency and methods. While samples were collected
by a metal strainer in the 1990s, light traps have recently been employed. Despite using
these different techniques, quite the same spectrum of species has been ascertained (PAPACEK
et al. 2009). The only differences were in abundance of individual species.

The numbers of Plecoptera and Trichoptera species did not change in past twenty years
(Fig. 17) and all the species found were present in the lakes before acidification (Tables 8,
13). Ephemeroptera showed slight increase of the number of species apparent in all lakes.
Leptophlebia vespertina re-colonised the most acidified Certovo Lake. Several mayflies
(Cloeon dipterum, Ameletus inopinatus, Siphlonurus lacustris, and S. alternatus) slightly
increased the number of species in the chronically acidified Cerné and Plesné lakes. The
least acidified Laka Lake was most diverse and species-rich. All the above mentioned speci-
es plus Siphlonurus aestivalis, Baetis vernus, and occasionally Leptophlebia marginata
occurred there. Within the EPT taxa, mayflies are generally considered to be the most acid
sensitive group. However, the acid sensitivity of mayflies as a whole used to be mostly de-
termined on the basis of study of strongly sensitive species mainly inhabiting running waters
(BraukMmANN 2001). The above mentioned species of Cloeon, Siphlonurus, and Leptophlebia
possess a relatively wide ecological range enabling colonisation of new habitats (various
standing water habitats) and also to tolerate slightly or moderately acidified habitats. More-
over, the increase in some species of mayflies can be caused also by some other effects that
superimpose those of acidification (and chemical recovery). The findings of the second (late
summer) generation of Siphlonurus can indicate some changes in thermal regime of the la-
kes, likely influenced by a recent increase in the regional average temperature (cf. KETTLE et
al. 2003).

The largest changes in species richness were found in water bugs (Fig. 17). Recent taxo-
cenoses have a higher species richness and different composition than those inhabiting the
lakes twenty years ago. The number of recorded species markedly increased in all Bohemi-
an Forest lakes. Several species, known from a single or few lakes in the 1990s, were recent-
ly recorded from the majority or all lakes (Tables 9, 10). Eight true water bug species were
recorded in the lakes before 1999 and further twelve species, i.e. nearly 52% of nepomor-
phan species were discovered in the lakes during last ten years. These species were found in
the littoral zone of lakes and included eurytopic (or relatively eurytopic) species, such as
Sigara falleni, S. lateralis, S. striata, and Micronecta sholtzi, as well as, in a lesser extent,
stenotopic species (Notonecta reuteri). There are three groups of species as to utilising a
habitat as follows: (i) They (or some of them) are really new inhabitants of the lakes and, due
to their vagility and flight ability, invade new habitats offering utilizable food and suitable
environment for reproduction and development. (ii) They (or rather some of them) are origi-
nal inhabitants, who had so low population density ten to twenty years ago that they were
not discovered by hand net collecting method. Their recent findings can reflect an increase
in their population density, as well as higher probability to collect them. (iii) Some of newly
found species use lakes only casually as “stepping stones” of their dispersion (e.g., a single
record of Notonecta maculata, N. reuteri, and N. viridis). We can suppose that these changes
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follow the food web changes started by recovery of plankton diversity and density (VRBA et
al. 2003a, NEDBALOVA et al. 2000).

To conclude, a certain degree of recovery has undoubtedly been achieved in the Bohemi-
an Forest lakes as documented by changes in some water chemistry parameters as well as an
increase in species diversity (at least in Ephemeroptera and aquatic Heteroptera). However,
we are not able to define the apparent progress of the recovery process and/or to predict its
rate and possible termination.

Obviously, an increase in pH alone does not necessarily imply adequate water quality for
macroinvertebrates. For instance, pH can increase in the acidified lakes, but it can remain
below the biological threshold of many organisms (cf. FoLSTER et al. 2007, Jounson et al.
2007). Besides other harmful effects, we believe that the effects of aluminium remain one
of the key factors structuring recent taxocenoses of the Bohemian Forest lakes (VRrBA et al.
2006). Literature data suggest that Al effects are most pronounced for, e.g., the most sensi-
tive mayflies species (HERRMANN & ANDERSON 1986, HERRMANN 1987a); however, there are
no precisely defined toxic doses for survival of macroinvertebrates (for review, see RossE-
LAND et al. 1990). RosseLanD et al. (1990) considered that fish were affected by inorganic Al
concentrations >25 ug.l™'; an upper threshold of 75 pg.1"! was suggested as a limit for strong
effects. The range of inorganic Al, i.e. the sum of ionic and particulate Al (Al + Al ) recent-
ly measured in the Bohemian Forest lakes reached 55-383 pg.I"! (Table 2). Thus, four reco-
vering (Grosser Arbersee, Kleiner Arbersee, Laka, Prasilské) lakes showed concentrations
>25 gl and four chronically acidified (Rachelsee, Cerné, Certovo, Plesné) lakes well
above 75 pg.l"". Most of the acidic tributaries still deliver to the lakes high amounts of Al,
which precipitates, at pH ~5 or higher, in the littoral and/or epilimnion (VrBa et al. 2006).
Such Al precipitates are harmful for breathing of fish (RosseLanD et al. 1990 and references
herein). In macroinvertebrates, the mechanism of effect of aluminium seems to be different.
Survival of the mayfly Leptophlebia marginata was not affected by the different kinds of
Fe-precipitations on the body and gills. Frequent moulting did not allow for an incrustation
of more than 50% of the body (GERHARDT & WESTERMANN 1995). The same can be applied to
aluminium as well. Moreover, it is possible that invertebrates (e.g., mayflies) are able to
clean gill membranes from mucus accumulations and/or Al hydroxide precipitates (HERR-
MANN & ANDERSON 1986).

Beside direct toxic effects of Al, and Alp, the Al concentration affects other biological
processes such as energy consumption in stoneflies and caddisflies (Rapbum & STEIGEN
1981), reduced Na* haemolymph content and air-breathing in mayflies (HERRMANN 1987b)
and, at least, in some water bugs as found in the water boatman Corixa punctata (WITTERS
et al. 1984), impaired osmoregulation and ion transport (HERRMANN & ANDERSON 1986), and
possibly also reproduction. The effect of aluminium on respiration rates seems to be diffe-
rent in the individual species used in experiments. Oxygen consumption rates were decrea-
sed in dragonflies (Libellula julia, Somatochlora cingulata), unaffected in a caddisfly (Lim-
nephilus sp.), and increased in mayflies (Heptagenia fuscogrisea, H. suphurea, Ephemera
danica; CorrEA et al. 1985, 1986, HERRMANN & ANDERSON 1986, Rockwoob et al. 1990).
Effects of metals might also cause behavioural changes. The mayfly Leptophlebia margina-
ta lost its escape behaviour, when exposed to iron and lead, the effects being more pronoun-
ced at low than at circumneutral pH for both metals (GERHARDT 1994). Likewise, the detriti-
vorous species exposed to low pH showed reduced feeding activity (JANSSENS DE BISTHOVEN
& GErHARDT 2003). These results demonstrate a wide spectrum of the effects of acidity on
species life-history, fitness, behaviour, and physiology, which cannot affect survival of the
species directly but can have various sub-lethal consequences.
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Species (taxa) richness in the Bohemian Forest lakes in comparison with some other
European lake districts

Total species (taxa) richness

First of all, we should emphasise that the species richness of aquatic insects exhibited in the
Bohemian Forest lakes seems to be high in comparison with any glacial lakes or other lake
districts studied recently in Europe (Table 22). This fact concerns not only the total number
of species (taxa) found, but also number of species detected within the individual groups
studied (Table 23). Indeed, species richness of insects recently collected in the Bohemian
Forest lakes (196 species/taxa found recently) is very high, taking into account a very small
number of eight lakes only. A diversity of more than 100 insect species per area studied is
rather exceptional (see Table 22). The highest species richness were found in the Alps: 112
species were reported by BoGgGEro & LENCIONT (2006) in the Swiss and Italian Alps, and 114
species were collected by FUREDER et al. (2006) in lakes of the Alps in Switzerland and Tyrol
(both in Austria and Italy). Over one hundred taxa (106 species) were found also in lakes in
Scotland by KerNaN et al. (2009a). The most comprehensive comparison of the diversity of
benthic invertebrates in European remote lakes was published by FIeLLHEM et al. (2009) who
reported only 110 species/taxa found in 126 lakes in the alpine zone from seven mountain
lake districts throughout Europe, from central Norway through the Alps and the Carpathians
to Balkans, the Retezat and Rila Mountains.

However, direct comparison of these data with the diversity found in the Bohemian Forest
lakes is not possible without rarefaction analysis to compare species richness among areas
with not comparable number of lakes. The number of lakes investigated was highly different,
from 2 to 126 lakes, samples were taken in different seasons by different methods, and de-
termination levels were different as well. Nevertheless, about two hundred species found in
only eight lakes compared to about one hundred species found in several tens lakes (Table
22) showed remarkably different diversity of the Bohemian Forest lakes from any lake dis-
trict across Europe. These differences are emphasised taking into account the share of com-
mon species, which ranges only from 10-20% (Table 22). However, this comparison is ap-
proximate again, because of very different determination levels. More than 80% of taxa of
the Bohemian Forest lakes were determined to the species level, contrary to generic or even
family levels used in several studies. Moreover, a great number of species known from the
Bohemian Forest lakes were not collected in any of the European lakes under comparison.

The answer to the question on the causes of very high species richness of aquatic insects
in the Bohemian Forest lakes is rather complex. Besides the state of knowledge of the respe-
ctive lake systems, there are some objective factors like different altitude, geographic posi-
tion (e.g., orography, geological and glaciation history, and the effects of climate), historical
formation of fauna (e.g., effects of faunistic centres, refuges and biocentres with biocorri-
dors, migrations and invasive behaviour), and trophic relationships (e.g., predatory pressure
of fish and density of plankton). There are also factors of subjective nature like different
points of view in lake/outlet/inlet definition, different sampling methods and timing and, last
but not least, different data processing.

In the following six rather arbitrarily defined items, we attempt discussing some of these
factors with regards to high species richness of the studied lakes and explain, at least parti-
ally, considerable differences in comparison to other European lake districts that single the
Bohemian Forest lakes out of them:

(i) Habitat definition and delimitation, or habitat preferences undoubtedly play a sub-
stantial role in species richness evaluation. The crucial question is whether to include, besi-
des the inhabitants of the littoral bottom, also those of the inlet(s) flowing through the litto-
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ral and those of the water surface and open water, which occur in the lake littoral
irregularly. If not, species richness would be substantially lower.

There are several groups of species, the habitat preference of which does not correspond
to a typical “lake littoral benthic inhabitant”. They can be defined as follows:

(a) Temporal inhabitants (or visitors) that do not reproduce or oviposit in lake littoral ha-
bitats. This group comprise species with extremely (Odonata) or very high (Heteroptera and
some Coleoptera) vagility and numerous typical lotic species (Ephemeroptera and Plecopte-
ra), which are drifted to the lake littoral near the inlet’s mouth. They do not only persist
there for a long time, but are able to finish their development and their imagines naturally
migrate to oviposit to inlets again. Although these species are mostly not permanent inhabi-
tants of the littoral zone, they undoubtedly affect the respective assemblages through, e.g.,
food webs and energy flow.

(b) Species tending to live in the profundal zone (i.e., below euphotic zone) of lakes (such
as some Chironomidae, e.g., Heterotrissocladius, Chironomus, Phaneopsectra spp., Sergen-
tia cf. coracina). The presence/absence of such species in the lake littoral mostly depends on
their abundance and substrate preferences. Some species, such as Sialis spp., are considered
typical littoral taxocene members but can be found at 7-20 m in profundal habitats (cf. Du
Bois & GEigy 1935, BERG & PETERSEN 1956). In such cases, it is difficult to distinguish, whe-
ther a species belongs to “littoral” or “profundal” representatives, even if it lives within a
transition zone.

(c) Species living on the surface of water, in fact do not enter the water column and some-
times represent semiaquatic (or semiterrestrial) forms or species preferring open water co-
lumn. Semiaquatic bugs (Heteroptera, Gerromorpha) comprise species living on the free
water surface often far from the lake shore (e.g., Gerridae), species preferring places near
the shore and water line (e.g.,Veliidae), or rather semiterrestrial species, living among emer-
ged parts of aquatic plants (e.g., Hydrometridae). Some species even show an ability to
combine water surface and diving way of life (e.g., pleustonic beetles of the family Gyrini-
dae).

(d) Inhabitants of open water are, e.g., an aquatic bug, Glaenocorisa propinqua and larvae
of phantom midges (Chaoborus spp.). These species occur irregularly in the lake littoral in
connection with their diurnal activity, thus, can be detected rather incidentally, and also
their abundance detected need not reflect their actual abundance in the lake.

(e) Species that do not fit any of the above categories. Representatives of the beetle family
Chrysomelidae (subfamily Donaciinae) are typical example of such aquatic insects. Their
larvae live in plant tissues of submerged part of aquatic plants, imagines live on emerged
parts of plants; this group is usually not considered to belong to aquatic beetles (cf. BoukaL
et al. 2007). Similarly, Diptera larvae of “piercers”, which firmly attach to plant tissues, are
difficult to detect as well.

To conclude, we believe that “true lake littoral” assemblages (or communities) can hardly
be defined and species richness cannot be detected if some of the above groups of species
were omitted in the evaluation. The habitat preferences of most species (as well as their way
of life) are overlapping and although some species live temporarily in the lake littoral zone,
they represent an overall part of the whole ecosystem. As soon as any group of species is
neglected, resulting diversity will inevitably decrease.

(ii) Geographic attributes of lake districts. There is a significant level of variation in
species composition of lake communities accounted for the geographical component, which
is not shared by the environmental variables. This may be a biogeographic signal or some
local key signals (JounsoN & Goepkoor 2000, KERNAN et al. 2009¢). Regional differences
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may be due to inherent variations in the nature of mountain catchments across Europe. Na-
turally, the location of lake systems (e.g., altitude, latitude, longitude, and distance to the sea)
and characteristics of catchments (e.g., bedrock and catchment land-use) determine the na-
ture of lake habitats and, consequently, the biota. In addition, general geographic and hyd-
rologic characteristics, like maximum altitude and altitudinal range of the lake district, lake
areas and volumes, whether are part of a chain or headwater lakes, and the lake system ori-
entation, can influence the similarity of biota between individual lake districts. However,
there is a significant level of colinearity among various explanatory variables (habitat,
catchment, and geographical characteristics), so that it may not be clear whether predictors
reflect ecological processes or the role of a surrogate variable (cf. KERNAN et al. 2009c¢).

The lake biota studied (planktonic crustaceans, rotifers, littoral invertebrates, and subfos-
sil chironomids, diatoms or cladocerans) differed in three distinct limno-regions above a
timberline: nordic (Scotland and Norway), sub-arctic (northern Finland), and alpine (the
Pyrenees, the Alps, the Carpathians, and the Rila Mts.). Lake littoral invertebrates differed
between Scotland, central Norway and northern Finland, and central and southern Europe,
whereas the lakes of the Tatra Mts. were distinct from other central European lakes (KERNAN
et al. 2009c¢). In our opinion, the Bohemian Forest lakes cannot be ranked to any of the abo-
ve limno-regions, not only due to their lower altitude. Littoral invertebrates of our lakes have
been very dissimilar to any limno-region and, simultaneously, similar in the same (but very
low) degree to any limno-region (Table 22). The Bohemian Forest lakes are remote, single
headwater bodies in rather separated, forested catchments. They are characterized by low
altitudinal range, relatively long distance to the sea, variable catchment geology, and low
number of lakes (Table 1). The geographic attributes themselves do not separate the Bohe-
mian Forest from other lake districts but contribute to dissimilarity of aquatic insect fauna
comparing to other lake districts (Table 23). Influence of these factors on the composition of
aquatic fauna ought to be a subject of further detailed study.

(iii) Biogeographic aspects undoubtedly influence considerably the species richness of
each European lake district. High species richness of the studied lakes can be, yet partially,
explained by biogeographic features of this area. Since the biogeography of Bohemian Forest
lakes insect is discussed above (see the chapter Biogeography), we emphasise only three
crucial aspects showing an apparent influence on the large number of species living here.
Contrary to other lake systems in Europe, the Bohemian Forest lakes are: (a) accessible (or
a part of respective area) to species of all main types of “European” (Westpalaearctic) dis-
tribution (north- and south-central, central, Atlantic and Eurosiberian); (b) available from
the southern (the Danube basin) as well as northern (the Elbe basin) natural ways of disper-
sal (biocorridors) of aquatic insects; and (c) enable co-existence of species with different
faunistic origin (oreotundral, arboreal, or eremial), as well as different ecological require-
ments (at least cold stenothermic and eurythermic species).

(iv) Climate conditions (altitude, temperature, precipitation, ice and snow cover). An
altitudinal gradient, closely connected with air/water temperature and the period of ice co-
ver, represents one of the key factors influencing species richness of invertebrates and com-
position of assemblages in the mountain lakes. Ice cover, snow cover, and water temperature
are controlled by the air temperature and thus climate is the main factor determining also
species richness. In European alpine lakes, the average annual temperature decreases with
elevation by 0.6—1.4°C per 100 m (Laiczak 1996, Sporka et al. 2006) being, e.g., in the Tatra
lakes, 1.6 and —3.8°C at the altitudes of 1778 and 2635 m a.s.l., respectively (KonCEk & Or-
Licz 1974). Snow cover lasts from October to June, ice cover in the Tatra lakes increases with
altitude at a mean rate of 10.2 days by every 100 m (Cuomitz & Samai 1974). Snow and ice
cover directly or indirectly affects many of the physical chemical and biological processes
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(cf. SmoL 1988) and, according to CaTaLaN et al. (2009), ice cover duration of 190 days re-
presentents a significant ecological threshold affecting lake biota.

These factors are responsible for a considerable decrease in species richness of aquatic
insects with an increasing altitude nearly in all lake systems throughout the whole Europe
discussed, moreover taking into account their much higher average altitudes (usually 1500—
2500 m a.s.l., Table 22). HamerLiK et al. (2006) also observed an increase in abundance of
non-insect fauna with increasing altitude. FUREDER et al. (2006) described the highest speci-
es richness between 2400 and 2600 m a.s.l.,, but it decreased strongly above 2600 m in the
Alps. bE MENDOsA & CATALAN (2010) considered similar altitude (2500 m a.s.l.) as an ecolo-
gical threshold in the Pyrenees. This phenomenon can be explained by the ability of well-
-adapted species to use time-restricted input of food resources under extreme climatic con-
ditions (cf. CiampoROVA-ZATOVICOVA et al. 2010). The altitudinal gradient is not so important
in the Bohemian Forest lakes since the difference between the lowest and highest altitude is
negligible (169 m, Table 1), although pronounced effects can be observed even along a short
gradient (WHITEMAN 2000). Generally, their altitudes (918—1087 m a.s.l.) are lower than the
majority of the lake districts under discussion, which are situated above the upper local tree
line. The Bohemian Forest lakes differ from the majority of other lake districts discussed in
relatively low altitude. Their location in coniferous forests results in a different input of al-
lochtonous organic matter and different character of the lake littoral. They have lower pre-
cipitation compared to most remote alpine and subalpine lakes and a shorter snow cover (by
at least 2 months; usually lasting from November to April). These conditions generally lead
to a very high absolute number of species recorded in forest lakes, as shown by the compa-
rison of species richness in lakes of forest, subalpine and alpine zones by HorrmaN et al.
(1996). They analyzed 88 taxa of macroinvertebrates in 41 oligotrophic lakes. About 86% of
all taxa were recorded from forest zone lakes, 61% from subalpine zone lakes, and only 16%
from alpine zone lakes. Consequently, only about 20% of the taxa are shared by forest and
alpine lakes, which is very similar to the percentage of common taxa of the Bohemian Forest
lakes and the alpine lakes throughout Europe (Table 22). Another consequence of lower
altitude and altitude-related conditions is pronounced differences in assemblages of lakes
(i.e. lentic habitat) and inlets/outlets (i.e. lotic habitat). In the Bohemian Forest lakes, there
are about 30% of common taxa in inlets and outlets. This number is lower than indicated in
the Alps (57%, MaioLini et al. 2006) and the Tatra Mts. (52%, HamERLiK et al. 2006). Li-
kewise, inlets/outlets and lakes shared only about 20% species/taxa in the Bohemian Forest
lakes comparing with 34% of common species/taxa in the Alps (BoGGEro & LENCIONT 2006).
Lower contrast in composition of assemblages is probably caused by similar substrate and
trophic conditions of habitats in the alpine zone (cf. Horrman et al. 1996, BogGEro & LENCI-
onN1 2006, HAMERLIK et al. 2006) when compared to the forest zone.

(v) Fish stock can play a crucial role in shaping macroinvertebrate assemblages in lakes
and their impact could be stronger than the impact of acidification (MARCHETTO et al. 2004).
Fish stock influences invertebrates directly by predation and indirectly by changes in trophic
chains and food competition (Kownacki et al. 2000, pEMENDOZA & CATALAN 2010). General-
ly, lakes without or with only low densities of fish have more diversified and abundant inver-
tebrate assemblages than those with higher fish densities (BENDELL & McNicoL 1987, TATE &
HEersHEY 2003, KERNAN et al. 2009¢, ScHILLING et al. 2009). Favoured food sources for fishes
in mountain lakes — mainly for trouts (Salmo, Oncorhynchus, Salvelinus), minnows (Phoxi-
nus), or sculpins (Cottus) — are especially crustaceans (e.g., planktonic cladocerans and
large branchiopods) and larvae of aquatic insects (e.g., mayflies, stoneflies, caddisflies,
beetles, or chironomids) (CARLISLE & Hawkins 1998, Kownacki et al. 2000, MARCHETTO et al.
2004). These taxa can show markedly lower diversity and often interrupted life cycles with
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the occurrence of only small instars under stronger fish predation pressure (CUKER et al.
1992, Kownacki et al. 2000). Predaceous fish also eliminate large and predatory invertebra-
tes and shift the assemblages toward smaller cryptic and less mobile taxa (BLois-HEULIN et
al. 1990, CaruisLE & Hawkins 1998). On the other hand, in the absence of fish, especially
large, predatory and active swimming invertebrates are more diverse and abundant (NiLsson
et al. 1994, REnNIE & Jackson 2005, HEmo 2008, ScHILLING et al. 2009). In such cases, gre-
ater diversity and abundance of aquatic beetles, water bugs, dragonflies and some dipterans
of the families Chironomidae and Chaoboridae occur and some representatives of these taxa
even can be used as indicators of fish absence (NiLssoN et al. 1994, BENDELL & McNicoL
1987, ScHILLING et al. 2009).

From this point of view, high invertebrate species richness in the Bohemian Forest lakes
can also be a result of co-influence of their relatively lower altitude compared to more fre-
quently studied alpine lakes and the absence of fish in the last 50 years as a result of strong
acidification (VrBa et al. 2003a). Yet a population of brook trout (Salvelinus fontinalis) has
been quite recently proven by electro-fishing in Kleiner Arbersee (W. DORFER, pers. com.).
If there is fish recovery in the studied lakes, one should expect a decrease in both abundance
and diversity of invertebrates in the subsequent years (Rask et al. 2001). We can expect,
however, that the impact of fish predation under natural conditions on biomass of invertebra-
te prey is generally weak in littoral habitats compared to the open profundal zone, owing to
more structurally complex environment in the littoral serving as a refuge for invertebrates
(P1erce & HinrICHS 1997, BoGGERO & LENCIONI 2006, NasMmiTH et al. 2012). Indeed, the litto-
ral zones with macrophyte beds in the Bohemian Forest lakes provide excellent habitats for
most of the recorded aquatic insect taxa.

(vi) Sampling techniques and sample processing. There is no doubt that species rich-
ness cannot be studied without employing appropriate sampling techniques, otherwise some
species (or groups) would escape our attention and the results would be strongly underesti-
mated. There is no necessity to discuss special techniques used in our study here in detail
since their applications have been mentioned in special chapters dealing with individual
groups or in the Material and methods. We believe that combination of several sampling
techniques appropriate for collecting of insects of various life strategies might describe
species richness of lakes much more accurately than some rutine standardized sampling.

Some studies (e.g., Krno 1991, FUREDER et al. 2006, CIAMPOROVA-ZATOVICOVA et al. 2010,
C1aMPOROVA-ZATOVICOVA 2011) are based on quantitative sampling with a Surber or Hess
samplers, which is not able to sample representatively pleustonic and actively swimming
species and species with low population densities. Thus most Odonata, Heteroptera, Coleo-
ptera, and Diptera other than Chironomidae are often missing in their samples. Such a bias
can be prevented by parallel sampling with a hand net that enable better detection of active-
ly moving specimens compared to sampling of the framed bottom area (SycHrA & ADAMEK
2010) and/or selective sampling of actively swimming species (e.g., traps and individual
collecting by a strainer).

Time limited semiquantitative kick samples collected by a hand net with mesh size of
250-500 pm according to FJELLHEIM et al. (2000) were used in the majority of studies taken
for comparison (Kownacki et al. 2000, OgrtLI et al. 2008, BogGErO & LENciont 2006, KrNO
2006, KrNo et al. 2006, FieLLHEIM et al. 2009, KERNAN 20092, DE MENDOSA & CATALAN 2010).
Different (but not group-specialized) sampling techniques have been used only exceptional-
ly. For instance, Kownackr et al. (2000) used a corer to sample muddy substrata and Krno
(2006) used yellow Moericke traps for collecting imagines of aquatic insects. In our study,
we have employed semiquantitative sampling by a hand net to determine the composition of
assemblages supplemented by different group-specific sampling techniques (such as indivi-
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dual collecting by a metal strainer, light trapping, pupal exuviae collecting, and sweeping of
imagines). This could considerably favour the total number of species recorded to number
of species detected by the only standardised method.

Both timing and frequency of sampling largely affect the final species richness. In the
Bohemian Forest lakes, we sampled each lake in late spring (from mid May to early June),
full summer (August), occasionally just after ice melting (late April) and in autumn (late
September or October). Such timing is the only way to detect all species of different life
cycles. In fact, only semivoltine (some dragonflies and alderflies) and polyvoltine (some
Diptera) species can be reliably detected when applying one-shot sampling; however, they
seldom dominate the assemblages. The detection of univoltine species, i.e. the majority of
aquatic insects, is more tangled due to different timing and growth rate of species. When
applying one-shot sampling, many species may be in the life-stage not allowing proper de-
termination to the species level, or not detectable at al. Unfortunately, most authors based
their results on a single sample per ice-free season (Kownacki et al. 2000, OertLI et al. 2008,
BoaGGeEro & LENciont 2006, FUREDER et al. 2006, Krno 2006, KrNo et al. 2006, HENo 2008,
FreLLHEM et al. 2009, KErNaN 2009a, DE MENDOsSA & CaTtaLaN 2010). Hence, their approach
can hardly cover entire species diversity of aquatic insect and might be the cause of incom-
parable species richness found in the Bohemian Forest lakes. Also C1AMPOROVA-ZATOVICOVA
et al. (2010) and CiamPoROVA-ZAToVICOVA (2011) who applied far more frequent sampling
(8—13 times at each lake) found species richness as high as 81 species in four lakes. In con-
trast, KrNo et al. (2006) collected only 79 species by one-shot sampling of 45 (!) lakes in the
same area (including the above-mentioned 4 lakes).

The other factor, which can strongly affect comparability of results, is the determination
level of the collected specimens. In our study, imagines were collected, because, for many
species (e.g., Diptera and Plecoptera), they were the only life stage identifiable to species
level. Therefore, the diversity of these groups is often roughly underestimated. Many studies
are based on determinations on the genus or even family level, which hide considerable part
of species richness. Large-scale studies usually use harmonised data (cf. FJELLHEM et al.
2009, KErNAN et al. 2009b) that enable objective statistical analysis, however, such data are
not very useful to determine or compare exact species richness.

Species (taxa) diversity of individual groups investigated
Ephemeroptera

The Bohemian Forest lakes exhibited the same number of mayfly species/taxa (altogether 9
species inhabit the lake littoral, Table 23) as in the Fennoscandian lakes, where the highest
number of mayfly species of all districts were recorded. High species richness (8 taxa) was
observed in Scottish lakes. Six genera were mentioned from the Pyrenees, and five and four
species were recorded in the Tatra Mts. and the Alps, respectively. On the contrary, no Ephe-
meroptera were found in the Retezat Mts. in Romania, and only one species was found in the
Rila Mts. in Bulgaria.

In all European lakes districts investigated, there are approximately 14 species (taxa) that
have never been found in the Bohemian Forest lakes including their inlets/outlets, although
most of them are common in the Czech Republic and Germany. They comprise (i) lowland
and colline species occurring in the lakes of low altitudes (Centroptilum luteolum, Paralep-
tophlebia sp., Caenis horaria); (ii) lowland and colline rather potamal species, most likely
only incidentally found in mountain lakes or their inlets/outlets (Ecdyonurus aurantiacus,
Heptagenia sp., Caenis luctuosa); (iii) submontane and montane species, the area of which
does not comprise the Bohemian Forest, like species distributed only or predominantly in

251



“Ppul LHH ‘Punoj 10u 0dO 0 I ! I ! I € 0 ! eLesng “sIA B[ (6007) ‘T8 10 WITHTTAr]
punoy

jou d1@ pue ‘DI ‘LH ‘d1d ‘0dO ‘Hdd 0 € &0 I 0 0 0 0 0 BIUBWOY “SYA 1820)0Y (6007) ‘& 10 WIHHTTAI]

punoj jou DI pue ‘L4H ‘Hdd ‘0dO I 9 4 0 0 0 I 0 0 SeNBL UBYBAO[S (6007) ‘& 12 WIAHTTAL]
punoy

10U TOD PUe ‘TIL ‘DAN ‘LdH ‘0dO ‘Hdd 0 L 0 0 0 0 € 0 0 sene], ys1jod (6007) ‘Te 10 WIHHTTAL]

‘19pul LFH ‘punoj jou Jid pue ‘DI ‘0dO 0 9 4 I 0 ! I 0 ! BIUGAO[S ‘sd[V uernf (6007) ‘[€ 10 WIHHTTAr]

“9pul LHH ‘Punoj 1ou HIN ‘0dO ‘Hdd ! L 4 1 0 ! C 0 0 sdpy uerelf (6007) T8 30 WEHTTAL]

9pul LAH ‘punoy 10u HIN pue 0dO ! 0l C € 0 I € 0 ! AemION [enu0) (6007) T8 30 WIFHTTAL]

AJuo [9A9] SnuaZ/A[IWe] je PIUTUWLIdIOP BXE) I L1 ¥ I I I € 4 z (0107) NVIVLVD 29 VSOANAJA 4d
Sar[Iwe) ojut

pauIwINep JId ‘punoj Jou HIW ‘0d0 ‘Hdd € 8 4 I 0 I I 0 0 (8002) '[e 10 1i¥IQ

punoj jou HHN 4 L1 4 4 0 4 S 4 9 (9007) INOIONET 29 OIDOOY

S 01 4 S 4 I 4 4 4 (9007) e 10 ¥aaTuN

PaIapISuod THD AJuo — 0l — - — - — - — (6007) ‘T8 19 OLLEHDUVIN

(1102) VAODIAOLYZ-YAOYOINYIY)

punojjou 0dO 0 L 4 I 0 0 I 0 4 (010T) "8 30 YAODIAOLVZ-YAOUOWVI))

punoj jou DYN ‘0dO | 0 Sl 6 [4 1 0 S 0 1 (9007) 'Te 12 0Ny “(900T7) ONIY

punoj jou J1d “OAN ‘LIH ‘Hdd ‘0O | 0 4 4 [ 0 0 I 0 0 (0007) ' 10 OVNMOY

punoj jou 0dO ! [44 ! 6 ! ! € 0 € (6007) “T& 10 NN

punoy “ds nudsig | | 6 I 9 1+1 4 4 4 4 (8661) '[e 10 Nasuaaoug

punoj jou J1a 0 9 14 9 ! 4 ! 4 € (8007) ONIFH

@ | ) | v | (6D (@) (T9) (L) 6D (6) (SE[ PaIPNIS dY) Ul BXE) JO IdquInu)

ON | dId | THD | TOD | IIL | DU | 1dH | A'1d | OdO | Hdd A9P1(Q/32UdIdJY

‘punoj (exe)) so10ads [BONUSPI JO JoqUINU [B10} 10J 77 d[qe], 998 "e1oydi( Jo sarjiwey 1oy)o — 1 ‘(sove|
1S910,] UBIWAYOY 9y} Ul BXE) /) deprwouoliy) ‘e1diq — [HD ‘('dds ) v1o1dosjo) — 700 (*dds ¢1) eiodoyoui, — Y1 ‘(e1ydooN onenbe jo *ds | + -dds
7) e1ddoe3oN — DN ‘(‘dds z¢) viddoidoy — 1HH ‘("dds £) e101dooo[d — A1d ‘(Soe] 15910, urIwdyog 2y} ur sa1oads g1) ereuopO — OO ‘(SO¥e[ 15210,
uerwoyog oy} Ul so10ads ¢) eroydorowoydy — HJH SUONEBIAIQQY {(BXE) 9G] O'T “POIOPISUOD [eIONI] el oY) ul SUIAI] exe) A[U0) soye] 1S010,] uerwayog Yo
oY} JO ANSIDAIP BXB)/So10ads y3m paredwod 1107—166]1 Ul adoing noySnoIy) pareSisoAul SIOLISIP 9)e] POJOAAS USAS JO BXE) [BONUSPI JO SIOQUINN €T IqBL

252



the Alps (Rhithrogena gr. hybrida, Ecdyonurus gr. helveticus, Epeorus alpicola); and (iv)
colline or submontane species reaching lakes and their inlets/outlets only in high mountains
in the Tatra Mts. or the Pyrenees (Baetis niger, Electrogena lateralis, Rhithrogena semico-
lorata, Cloeon simile, Ephemera vulgata).

In the Fennoscandian and Danish lakes situated at relatively low altitude, some lowland
and colline species of mayflies do occur, contrary to the Bohemian Forest lakes. Apart from
the genera Cloeon, Leptophlebia, and Baetis living in the Bohemian Forest as well, HEINo
(2008) collected some species of the genera Heptagenia, Caenis, and Ephemera in the lakes
of the Oulankajoki in Finland. These genera do not occur in the Bohemian Forest lakes.
Most species showed high frequency of occurrence (in 45—47 lakes out of 48 lakes investi-
gated), species of Heptagenia was collected only in 15 lakes. Similarly, BRODERSEN et al.
(1998) found larvae of Centroptilum luteolum, Ephemera vulgata, Caenis horaria, and C.
luctuosa in Denmark. Only two taxa, Cloeon spp. and Leptophlebia marginata, were com-
mon with the Bohemian Forest lakes. FIELLHEIM et al. (2009) collected Siphlonurus lacustris
and Ecdyonurus sp. in central Norway in addition to unusual finding of Cloeon simile, a
colline species not occurring in the Bohemian Forest.

In Scotland, the following species were found in the lake littoral: Ameletus inopinatus,
Baetis muticus, B. niger, B. rhodani, Baetis spp., Heptagenia sp., Leptophlebia sp., and Pa-
raleptophlebia sp. (KERNAN et al. 2009a). These mayflies, except for Ameletus and Lepto-
phlebia, do not inhabit standing waters in the Czech Republic. Their habitat preferences are
most probably a little different in Scotland, which was observed in Plecoptera as well (see
the chapter Stoneflies below).

In the Pyrenees, bDE MENDOSA & CaTaLaN (2010) observed 6 mayfly genera (species not
determined): Siphlonurus, Cloeon (sub Cloéon), Ecdyonurus, Electrogena, Habroleptoides,
and Caenis. There is a little doubt whether the taxon “Cloéon” does not in fact represent the
genus Baetis. It is the most frequent (collected in 19 of 82 lakes) and the most abundant
mayfly. Larvae were collected mostly at altitudes of 2100-2300 m a.s.l.

Lakes in the Alps are relatively poor in the occurrence of mayflies. All the authors found
only 2 taxa of mayflies. FOUREDER et al. (2006) collected Siphlonurus lacustris (only in 1 site)
and Baetis sp.; BoGGERO & LENcIONT (2006) collected S. lacustris and Baetis alpinus, and
FieLLHEIM et al. (2009) found two taxa as well, S. lacustris and Ecdyonurus sp.

No representatives of the mayflies were collected either in Polish or Slovak lakes of the
Tatra Mts. according to Kownacki et al. (2000) and FIELLHEIM et al. (2009). This was defini-
tely not realistic, because other authors mentioned five species from the Tatra lakes (Table
22): Ameletus inopinatus, Baetis alpinus, Baetis vernus, Electrogena lateralis, and Rhithro-
gena loyolaea.

As far as we know, the name Rhithrogena loyolaea carpathica used by Krno et al. (2010)
most probably represents an undesirable nomen nudum and the problem of possibly polyty-
pic Rh. loyolaea definitively must not be treated or solved in such a way (cf. ICZN 1999)
since the taxon of RA. loyolaea populations from the High Tatra Mts. has been named many
years ago by ZELINKA (1953). He named and described Rhithrogena tatrica Zelinka, 1953
from the type locality, the Mlynica stream near Strbské Pleso. The holotype (& imago) and
paratypes were originally deposited in the Masaryk University in Brno, Czech Republic
(present whereabouts unknown, probably lost, cf. BAUERNFEIND & SoLDAN 2012). Later, THo-
Mas (1970) synonymised the Zelinka’s species with Rh. loyolaea Navas, 1922 described from
the Iberian Peninsula (Spain) and widely distributed in the Pyrenees, the Alps, and most
Hercynian mountains in Europe. On the contrary, Tomka & Rasch (1993) considered RA.
tatrica and Rh. loyolaea to represent the different species and removed RA. tatrica from the
synonymy with Rh. loyolaea (diagnostic characters used, however, are demonstrably vari-
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able at least in some populations). Studying numerous populations from different European
mountains in details, Kronowska-OLEINIK & Gobunko (2003) recognised a Carpathian po-
pulation and an Alpine population within R. loyolaea, differing in larval characters but not
separable in male imagines. The taxonomic situation is, however, still far from clear. Speci-
mens from the Eastern Alps (Austria) and the Hercynian mountain system including the
specimens from the Bohemian Forest lakes (Czech Republic) are somewhat intermediate in
larval characters, suggesting a clinal change from east to west. Probably the status of Rhi-
throgena tatrica Zelinka, 1953 should be re-evaluated for the Carpathian populations with
regards to establishment of a new subspecies as suggested by Krno et al. (2010).

Leptophlebia vespertina, the most frequent and abundant species of mayflies in the Bohe-
mian Forest lakes, exhibits a remarkable disproportion in its distribution in other European
lake systems. Larvae have not been collected in lakes either in the Alps, in the Pyrenees, or
in the Carpathians in Romania and other Balkan mountains (FieLLHEIM et al. 2009). The
species was recorded from Scandinavia (e.g, BRiTtaiN 1974, 1978, 1980), although recently
not detected by FieLLHEIM et al. (2009) in central Norway, and possibly also in lakes in
Scotland, as Leptophlebia sp. (KERNAN et al. 2009a). The species was known from lakes in
the High Tatra Mts. (ScHOENEMUND 1930a, HrRABE 1942, LANDA 1969, KrNO 1988, 1991).
However, the last record (but without any concrete data) in the Tatra lakes was published by
Krno et al. (2010) quoting L. vespertina abundant in all dystrophic lakes at lower altitudes.
Larvae apparently disappeared from some lakes in this area recently (Krno 2006, KrNo et
al. 2006, HAMERLIK et al. 2006, CIAMPOROVA-ZATOVICOVA et al. 2010, CIAMPOROVA-ZATOVICOVA
2011), at least from the lakes above 1500 m a.s.l. While LANDA & SorLDAN (1989) observed
mass occurrence of larvae both in Strbské Pleso (1343 m a.s.l.) and Jamské Pleso (1447 m
a.s.l.) lakes, we failed to find any larvae at least in the former lake in 2010 (SoLpAN & Bojko-
VA, unpubl. data), which might be caused by some physico-chemical impact, undoubtedly
other than acidification.

In contrast, Siphlonurus lacustris suggested an increase in abundance of larvae in some
low-altitude (forest) lakes in the Tatra Mts. (KrNo et al. 2010). Such quantitative changes
have never been observed in the Bohemian Forest lakes, where both dominating species (S.
lacustris and L. vespertina) show certain equilibrium in their population dynamics develo-
pment due to their different fitness and highly adapted life cycle strategies (BriTtaIN 1978,
S&£TTEM & BRITTAIN 1993, this study — chapter Mayflies). A similar phenomenon has been
observed in mountain reservoirs shortly after their impoundment in some Hercynian moun-
tains in Bohemia (SOLDAN et al. 1998, SoLDAN & ZAHRADKOVA 2000). At these places, larvae
of S. lacustris are able to occupy a newly established niche, contrary to other mayfly species
living at the same habitat, including Leptophlebia species. Obviously a different factor af-
fected quantitative increase of larvae of S. lacustris in some Tatra lakes mentioned by Krno
et al. (2010), since no new niches were formed there. These changes could be connected with
a decrease in or even disappearance of larvae of L. vespertina mentioned above but the pro-
per mechanism remains still unknown.

Odonata

The number of Odonata collected in the Bohemian Forest lakes (at least 19 species) seems
to be extremely high in comparison with literature data on dragonfly presence in lakes or
lake districts throughout Europe. Odonata, together with Heteroptera and Diptera except
Chironomidae, belongs to the most neglected insect groups in European lakes in general. For
instance, FiELLHEIM et al. (2009) did not find any specimens in 7 lake districts in Europe,
KERNAN et al. (2009a) did not detect dragonflies in Scotland, neither did several authors in
the Tatra Mts. (KowNacki et al. 2000, KrNo et al. 2006, CiaMPOROVA-ZATOVICOVA 2011), nor
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in some parts of the Alps (OEertLI et al. 2008, Table 23). Dragonflies escaped the attention
due to their high vagility and obviously temporary occurrence in some lakes; moreover,
their larvae, as top predators, often showed low densities in comparison with other groups.

Most records were based on at most several (usually 2—5) species, often without proper
determination. Hemvo (2008) referred on the occurrence of Coenagrion sp., Aeshna sp., and
Somatochlora sp. in Finish lakes. BRODERSEN et al. (1998) even operated with units such as
“Coenagrionidae” or “Zygoptera” when studying macroivertebrates in Danish lakes.

Remarkable findings are those by FUREDER et al. (2006) who studied 55 lakes across three
regions of the Alps in Italy, Switzerland, and Tyrol in Austria. He noticed a rare occurrence
of three species in the littoral of a few lakes. While the species of the genera Aeshna and
Orthetrum usually cannot be identified, the authors determined two more species, namely
Aeshna cyanea (the most abundant dragonfly in our lakes) and Anaciaeschna isosceles
(Miiller, 1761) (sub Aeshna isosceles Miiller, 1761). The occurrence of the latter species se-
ems to be incidental (reproduction quite unlikely) since it prefers much lower altitude than
an altitudinal range of 1840-2796 m a.s.l. studied by FUREDER et al. (2006). While in the
Czech Republic the species prefers the elevations of 130-399 m a.s.l. (highest altitude 625
m), the range of 100—-830 m a.s.l. is preferred in Austria (DoLny et al. 2007). In the Czech
Republic, the species is stenotopic, developing in meso- and eutrophic warmed waters (in-
cluding artificial ones) overgrown with aquatic plants.

From the Pyrenees, two genera of Odonata are recorded: Aeshna and Enallagma, five
findings in 82 lakes investigated (DE MENDOSA & CataLaN 2010). While the representative of
the genus Aeshna cannot be identified without a revision of the original material, the latter
species most probably represent Enallagma cyathigerum since no more representative of the
genus from Europe is known (cf. Askew 1988). Odonata were collected at the considerable
altitudes of 1900—2200 m a.s.1.

The occurrence of dragonflies in the Tatra lakes seems to be a little controversial. There
are no data on any species sampled in about 50 lakes in the Tatra Mts. recently investigated
in Slovakia (KrNo 2006, KrNo et al. 2006, FIELLHEM et al. 2009, CIAMPOROVA-ZATOVICOVA et
al. 2010, CiamPoROVA-ZAToVICOVA 2011) and Poland (KowNacki et al. 2000). Only Krno
(1991) reported four species (Pyrrhosoma nymphula, Aeshna subarctica, Ae. juncea, and
Somatochlora metallica), known also from the Bohemian Forest lakes.

In contrast, using qualitative entomological methods (collecting of imagines), as much as
15 species were found at the single lake, Strbské Pleso: Lestes sponsa, Pyrrhosoma nymphu-
la, Enallagma cyathigerum, Coenagrion hastulatum, C. puella, Ischnura pumilio, Aeshna
caerulea, Ae. cyanea, Ae. juncea, Ae. subarctica, Somatochlora alpestris, S. arctica, S. me-
tallica, Sympetrum danae, and Leucorrhinia dubia (TrP1S 1965, STRAKA 1990). Naturally,
some species could be occasional visitors or migrating specimens, but there is no doubt that
the majority of species (e.g., Lestes sponsa, Enallagma cyathigerum, Coenagrion puella,
Aeshna cyanea, Somatochlora metallica, Leucorrhinia dubia) can reproduce at least in the
lakes at lower altitudes (for details, see Davip 2001, 2005, Sicua 2006). This is an example
of how standard hydrobiological methods can fail in detecting species diversity, which could
also happen in other lake districts.

The species composition roughly fits to a dragonfly taxocene of the Bohemian Forest la-
kes, except for the absence of Somatochlora alpestris and S. arctica that can be supposed to
occur in the Bohemian Forest lakes. However, there is one more species reported from the
Tatra lakes (STrakA 1990) that was not collected in the Bohemian Forest lakes: Sympetrum
vulgatum. It is a lowland, eurytopic species not distributed in the Bohemian Forest (96% of
localities in the Czech Republic are at the altitudes of 130—599 m a.s.l.; HANEL & ZELENY
2000, DoLny et al. 2007) and its occurrence in the Tatra lakes is probably incidental, althou-
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gh the localities at 1350 m a.s.l. are recorded from the Krkonose (Giant) Mts. (DoLNY et al.
2007). Only five species (Ischnura elegans, Cordulia aenea, Libelulla quadrimaculata, Or-
thetrum cancellatum, Sympetrum sanguineum) collected in the Bohemian Forest lakes were
not found in the Tatra lakes.

Plecoptera

Considering seven species found at present in the Bohemian Forest lakes, the species diver-
sity of Plecoptera known from the lake districts across Europe is comparable. The Tatra la-
kes are the only exception, because they are inhabited by 16 stonefly species. High species
richness was found in the Alpine (7 species) and Scotish lakes (11 species). In contrast, no
Plecoptera were collected in the Retezat lakes in Romania or in high alpine ponds in Swit-
zerland.

However, some authors left Plecoptera determined only at the generic or even family le-
vel, so that their data are not comparable with ours. It concerns mainly lakes in Fennoscan-
dia and the Pyrenees. FJELLHEIM et al. (2009) reported, besides “Plecoptera indet.”, larvae of
Nemurella pictetii and five further unidentified genera (Diura sp., Isoperla sp., Nemoura sp.
Capnia sp., Leuctra sp.) and HEmo (2008) mentioned the only genus Nemoura from Finland.
DE MENDOsSA & CaTaLAN (2010) found six genera of stoneflies (Arcynopteryx, Perlodes, Ne-
moura, Nemurella, Capnia, and Leuctra) in the Pyrenees, which were very rare. These stu-
dies probably underevaluated the diversity of lake stoneflies in these regions. For example in
Fennoscandia, no fewer than 17 species are known to occur in lakes (LILLEHAMMER 1985).

Seven species were found in the Alpine lake district (BogGERO & LENCIONT 2006, FUEREDER
et al. 2006, FieLLHEM et al. 2009). They were collected rather occasionally (cf. FUEREDER et
al. 2006) and some of them were identified only to the genus level (Perlodes sp., Nemoura
sp., Protonemura sp., and Leuctra sp.). Two species were identical with those found in the
Bohemian Forest lakes (Nemoura cinerea and Nemurella pictetii), while one species was
different — Dictiogenus fontium is an Alpine species, not distributed in the Czech Republic.

High species richness of stoneflies was found by Kernan et al. (2009a) in Scotland, alto-
gether 11 species/taxa have been found. Besides species living also in the Bohemian Forest
lakes (Nemoura cinerea, Nemurella pictetii) or their inlets/outlets (Diura bicaudata, Amphi-
nemura sulcicollis, Leuctra hippopus, Protonemura montana, Siphonoperla torrentium),
two other species have been collected (Capnia atra, Dinocras cephalotes); yet the former
does not occur in the Czech Republic. Remaining species were left unidentified (Capnia sp.,
Nemoura sp.).

The Tatra lakes exhibited the highest number of lake Plecoptera across the European lake
districts. Sixteen species were found in the Tatra lakes (KrNo et al. 2006, CIAMPOROVA-ZATO-
vicova 2011). Only four of them are common with the Bohemian Forest lakes: Nemoura ci-
nerea, Nemurella pictetii, Leuctra nigra, and L. pusilla. Some other species (Diura bicauda-
ta, Amphinemura standfussi, Capnia vidua, and Leuctra pseudosignifera) were found only
in inlets and outlets of our lakes. The remaining species, except Arcynopteryx compacta
found in the Pyrenees and Dinocras cephalotes found in Scotland, are unique in the Tatra
lakes, because they were not recorded in any other lake district: Isoperla sudetica, Siphono-
perla neglecta, Protonemura brevistyla, P. nimborum, Leuctra armata, and L. rosinae.

Apart from the obvious absence of many Alpine and Carpathian montane species, the
main difference of stoneflies of the Bohemian Forest lakes compared to other European lake
districts is caused by different habitat preference of species in different lake districts. Seve-
ral species known from European lakes have never been collected in lakes or other standing
water habitat in the Czech Republic and are exclusive inhabitants of running waters. More-
over, these species were often found in inlets and outlets of the Bohemian Forest lakes. For
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instance, Dinocras cephalotes, Diura bicaudata, Capnia vidua, and Leuctra pseudosignife-
ra, known from the Tatra lakes, D. bicaudata, Siphonoperla torrentium, Amphinemura sul-
cicollis, Protonemura montana, and Leuctra hippopus, known from Scotish lakes, and seve-
ral species, such as Amphinemura standfussi, Protonemura meyeri, and Leuctra fusca,
known from Fennoscandinavian lakes (LiLLEHAMMER 1985). It could be caused by different
character of the littoral and temperature of the Bohemian Forest lakes. Many high-altitude
lakes have the stony littoral, which is similar to bottom of running waters and/or adjacent
sections of inlets and outlets. Our lakes have developed vegetation or abundant organic sub-
strate in the littoral, which can be unfavourable to running water stoneflies. At the same
time, the number of running water stoneflies able to inhabit lakes increases with latitude.
Many strict inhabitants of small streams occur in lakes in Great Britain and Fennoscandia
(cf. LiLLEHAMMER 1985, 1988, HynEs 1984), which could be connected with different tempe-
rature regime of lakes.

Heteroptera

Similarly to Odonata, Heteroptera of the European lakes seem to be rather overlooked and
only marginal attention has been devoted to this group by authors studying benthic assem-
blages of the lakes across Europe (Table 22). The representatives of Heteroptera often appa-
rently escape the attention owing to their relatively high vagility and migratory behaviour.
Moreover, some species prefer to live in open water or on the water surface, thus, can be
hardly detected by routine and usual sampling techniques. This group is a typical example,
the sampling of which requires specialised techniques from individual collecting by specia-
list to light traps. Data presented below would indicate nearly total absence of Heteroptera
in the European lakes in general. We believe that careful entomological research of these
habitats would display species diversity comparable with the Bohemian Forest lakes.

Representatives of the families Nepidae, Notonectidae, Naucoridae, and Pleidae collected
in the Bohemian Forest lakes have not been recorded yet from the European mountain gla-
cial lakes chosen for comparison. Most authors, moreover, seems to be satisfied with a de-
termination at the family level or even higher level. For instance, FiELLHEIM et al. (2009)
found Heteroptera in four of lake districts across Europe (central Norway, the Italian Alps,
the Julian Alps, and the Rila Mts.) but they left this group as “Heteroptera indet.”.

Two families of Heteroptera were found in European lakes in the studies selected for
comparison with our lakes. Of the family Micronectidae, only Micronecta sp. was found in
Denmark (Bropersen et al. 1998) and the Pyrenees (DE MEnDOsa & CaTaran 2010). In our
lakes, Micronecta scholtzi has been found in one lake (Table 9). Of the species-rich family
Corixidae, only Sigara sp. was found in Finland (Hemo 2008), Corixinae in Denmark (Bro-
DERSEN et al. 1998) and unidentified Corixidae in Scotland (KErNAN et al. 2009a). Arctocori-
sa carinata carinata is the only species widely distributed across the European mountain
lakes that was not detected in the Bohemian Forest lakes. Predominantly predaceous 4. ca-
rinata is vagile boreo-alpine species with Palaearctic disjunctive distribution. A centre of its
distribution lies in northern Europe (Jansson 1986). The species has been infrequently col-
lected in the Pyrenees (as Arctocorisa sp., de MENDOsA & CaTaLaN 2010), some lakes and
outlets of the Alps (BogGEro & LENCIONI 2006, FUREDER et al. 2006, NiESer 1981, OEerLI et al.
2008) and lakes in the Tatra Mts. (KrNo 1991, KLEMENTOVA 2012). The historical record of
the species from glacial lakes in the Slovakian part of the Tatra Mts. mentioned by Stusik
(1980) was based on imperfect translation of SziLApy (1904). Contemporary studies of the
Tatra lakes (KownNacki et al. 2000, Krno 2006, Krno et al. 2006, FIELLHEIM et al. 2009, Ci-
AMPOROVA-ZATOVICOVA et al. 2010, CiamMPorOVA-ZATovicova 2011) did not mention any Hete-
roptera. A. carinata occurs in lakes located in mountain meadows or peatbogs (cf. NIESER
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1981, WacHMANN et al. 2006), as well as in rock pools (PAJUNEN & PAJUNEN 1992, 1993).
Nieser (1981) found this species in Northern Tyrol (peat pond with an area of ~1 ha, 1300 m
a.s.l.). Stvs (1976) analyzed the food of brook trout from the Flje reservoir (ca. 153 ha, 737
m. a.s.l.,, Kru$né Hory Mts., Czech Republic) and found this species (2 9%) in the fish sto-
machs. Hence, presence of 4. carinata in the fishless Bohemian Forest lakes is likely.

Based on the studies selected for comparison, any other taxa of the family Corixidae, i.e.,
the genera Cymatia (C. bonsdorffii), Glaenocorisa (G. propinqua), Callicorixa (C. prae-
usta), Corixa (C. punctata), Hesperocorixa (H. sahlbergi), Paracorixa (P. concinna), and
Sigara in 4 subgenera (Pseudovermicorixa, Retrocorixa, Subsigara, Vermicorixa; Table 9)
have not been reported from any other lake district besides the Bohemian Forest. NIESER
(1981), however, studied life cycles of water bugs in ponds and smaller water bodies in the
Tyrolean Alps and found similar water bugs taxocenoses as we recorded from the Bohemian
Forest lakes. Therefore, one can expect a similar spectrum of water bug species in other (at
least central) European mountain oligo- to mesotrophic lakes, as well.

To conclude, the present fauna of Heteroptera (altogether 32 of Nepomorpha and Gerro-
morpha species) of the Bohemian Forest lakes seems to be quite unique within the European
mountain glacial lakes chosen for comparison, considerably richer than in any other lake
district. However, as emphasised above, the negative records are, in a great extent, due to
overlooking this insect group rather than their “true” absence. Besides considerably scarce
records of most species currently occurring in the Bohemian Forest lakes, the most remar-
kable difference is the absence of Arctocorisa carinata, a species otherwise widely distribu-
ted in European mountain lakes, in this area.

Megaloptera and aquatic Neuroptera

Megaloptera are represented by the only family Sialidae and the only genus Sialis in Euro-
pean lakes. Sialis fuliginosa has been found frequently in inlets/outlets of the Bohemian
Forest lakes, while larvae live only in two lakes. Within all other European lakes studied this
species (like any other species of Sialis) has not yet been found except for some lakes in the
Alps. Although larvae of this species are known to prefer waters of rather lower altitudes,
FUREDER et al. (2006) reported the larva (sub Sialis cf. fuliginosa) from the elevations of at
least 1840 m a.s.l. However, other authors did not found any Megaloptera in the Alpine lakes
(Table 22).

Any other records on the occurrence of Sialidae or Sialis sp. most probably concern the
species of S. lutaria. The species was found in lakes in Finland and Denmark (HEmo 2008,
BRODERSEN et al. 1998). KernaN et al. (2009a) reported Sialidae (without further genus/spe-
cies determination) from some lakes in Scotland and b MEnDosA & CaTaLaN (2010) repor-
ted Sialis sp. from the Pyrenees, where larvae were mostly found at high altitude (21002300
m, occasionally over 2500 m) in relatively high densities. S. /utaria was found also in the
Tatra lakes in Slovakia (KrNo et al. 2006, CiamporovA-ZaTovicova 2011), where it inhabited
strongly acidified lakes with high concentration of phosphorus and amount of particulate
organic matter in the littoral (Krno et al. 2006), while Megaloptera have not been found in
the Tatra lakes in Poland (Kownacki et al. 2000, FieLLuEM et al. 2009).

As far as we know the only mention of aquatic Neuroptera in literature is that by BRODER-
SEN et al. (1998), who found Sisyra sp. in the single lake in Denmark. Otherwise the aquatic
Neuroptera have not yet been mentioned from any European lake district.

Trichoptera

There is no doubt that caddisflies, contrary to Odonata, Heteroptera and partly Coleoptera,
have received an appropriate attention in studies of species diversity of the European lake
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systems. Despite some difficulties in determination of larvae of some groups (e.g., the fami-
ly Limnephilidae), most species can be used, besides the Chironomidae, also as “flagship
indicators” in the assessment of acidification and climatic changes in mountains (cf. Ciam-
POROVA-ZATOVICOVA et al. 2010).

At present, the richest Trichoptera taxocenoses has been found in the Slovak Tatra lakes
(28 species; Krno 1991, Cuvoska 1992). Data from other European lake districts are based
on larval identifications and total numbers could be underestimated — e.g., 16 species/taxa
(including unidentified Limnephilidae and Polycentropidae) were reported from Scotland
(KERNAN et al. 2009a), 14 species from the Alpine lakes (BoGGERO & LENcIONI 2006, FUREDER
et al. 2006, OerTLI et al. 2008), and 24 taxa from lowland Danish lakes (BRODERSEN et al.
1998; Table 23). The species diversity of caddisflies of the Bohemian Forest lakes (19 speci-
es) is roughly comparable with these European lake districts.

The Bohemian Forest lakes are similar in the species composition of caddisfly taxoceno-
ses to those in the montane zone in the Slovak part of the Tatra Mts. Ten species, namely
Polycentropus flavomaculatus, Holocentropus dubius, Cyrnus flavidus, C. trimaculatus,
Oligotricha striata, Phryganea bipunctata, Limnephilus coenosus, L. rhombicus, Molanno-
des tinctus, and Mystacides azurea (Krno 1991, Cavoika 1992), are common for both groups
of lakes. Most of the species inhabiting the Bohemian Forest lakes were eurytopic species,
which can be found not only in various types of standing waters at different altitudes and
also in (slow) flowing waters. Some of these species (Polycentropus flavomaculatus, Cyrnus
flavidus, C. trimaculatus) were also found in the lowland lake district in Denmark (BRODER-
SEN et al. 1998). Species Plectrocnemia conspersa, Polycentropus flavomaculatus, Mystaci-
des azurea, and Chaetopteryx villosa are common in the Scottish lake district (KErNAN et al.
2009a), while Plectrocnemia conspersa, Polycentropus flavomaculatus, Oligotricha striata,
and Limnephilus coenosus are frequent in Alpine lakes of high altitude in Italy, Switzerland,
and Austria (BoGGErO & LENcIONT 2006, FUREDER et al. 2006, OerTLI et al. 2008).

Coleoptera

As high species diversity of Coleoptera in the Bohemian Forest lakes (55 species, 49 of them
living permanently in the lakes at present) suggests, the representatives of this group are
largely underestimated or overlooked. This is due to a lesser attention paid to aquatic beetles
and using of inadequate sampling methods for collecting of all present beetle taxa (cf. LAN-
DIN 1976a) rather than difficulties in species determination. Nevertheless, some authors lea-
ve this taxon undetermined (usually like “Coleoptera indet.”), some others rely on a deter-
mination only at the family or generic levels so that our knowledge of aquatic beetles in
some lake systems (e.g., in Scotland, Norway or Balkans) remains very fragmentary (cf.
KERNAN et al. 2009a or FiELLHEIM et al. 2009).

Generally, most species found in other European lake districts are identical with those of
the Bohemian Forest lakes. The family Dytiscidae is generally the most species-rich (espe-
cially genera Agabus and Hydroporus). Agabus bipustulatus (and A4. solieri recently regar-
ded as a cold-adapted form of the former variable species from higher altitudes; Dro7z et al.
2001) is probably the most common aquatic beetle in European mountain lakes. Since many
of the aquatic beetles inhabiting lakes areas are widespread, the same species can be found
in lakes in the Pyrenees, the Alps, the Carpathians, Fennoscandia, and the Bohemian Forest.
Naturally, some cold stenothermic or high mountain species usually occurring in alpine la-
kes are missing in the Bohemian Forest lakes (e.g., Hydroporus foveolatus, H. sabaudus,
Stictotarsus griseostriatus, Helophorus nivalis, H. glacialis; cf. Kopapa 1990, BoGGERO &
Lenciont 2006, CiamporovA-ZaTovicova & Ciampor 2011). Similarly, some species with only
small areas, i.e., missing in other regions, such as Deronectes platynotus and Nebrioporus
assimilis were recorded from our lakes.
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As far as we know, there are only a few genera not found in the studied lakes compared to
other regions, such as Stictotarsus and Platambus of the Dytiscidae observed in lakes in the
Alps and Denmark (BRoDERSEN et al. 1998, BogGErRO & LENciont 2006, FJELLHEIM et al. 2009),
Colymbetes and Platambus of the Dytiscidae, and Crenitis of the Hydrophilidae, and Riolus
of the Elmidae found in the Tatra lakes (Kopapa 1990, CiamporovA-Zatovicova & CiAMPOR
2011), and Oulimnius and Riolus of the Elmidae found in lowland lakes in Denmark (Bro-
DERSEN et al. 1998). Except the representatives of the genus Riolus that usually prefers war-
mer or mineral rich streams in the Czech Republic, all above mentioned taxa have been re-
corded in the Bohemian Forest so far (Ruzickova & KoTrBovA 2000, SycHRA, unpubl. data)
and thus their occurrence in the lakes is possible. On the other hand, our findings of the fa-
milies Scirtidae (genus Cyphon), Chrysomelidae (genera Donacia and Plateumaris) and
some genera of the family Hydrophilidae (Cercyon, Enochrus) are unique. These taxa have
not been mentioned in any of those studies that we compare our data with. Moreover, there
are at least 25-30 species found exclusively in the Bohemian Forest lakes contrary to about
25 species collected in addition in all remaining European lake districts.

The species diversity of aquatic beetles in the Bohemian Forest lakes is usually at least
five times (but often 10 times) higher compared to other lake districts. This is probably due
to lower elevation, geographic position, of the Bohemian Forest on the “crossroad” of several
biogeographic regions, and obviously largely by the sampling effort targeted directly on
aquatic beetles in this study. There are only very few comparable studies from European
lakes with adequate survey of beetle fauna: e.g., NiLsson et al. (1994) from Swedish lakes, or
Kopapa (1990) and CiamporovA-Zatovicova & Ciampor (2011) from the Tatra lakes, where-
as comprehensive information from, e.g., the Alps or Balkan mountain lakes are unfortuna-
tely missing. The beetle taxocenoses of the Tatra lakes are the most similar to those of the
Bohemian Forest lakes. Aquatic beetles of the Fennoscandian lakes are different from lakes
in mountain regions of central Europe due to occurrence of many common lowland and
some boreal species (NiLssoN et al. 1994).

According to literature data (RousaL 1930, 1939a,b, Rita 1957, Kopapa 1990, KowNAck1
et al. 2000, Kopapa et al. 2003, HAMERLIK et al. 2006, C1aAMPOROVA-ZATOVICOVA et al. 2010,
CiamporovA-Zatovicova & Ciampor 2011), at least 54 species (21 genera, 6 families) have
been collected in lakes and their inlets/outlets in the Tatra Mts., compared to 9 families, 29
genera, and 55 species in the Bohemian forest lakes (Table 14). However, a very comparable
number of species was found on 95 alpine water bodies compared to our 8 lakes. This is due
to harsh environmental conditions in higher altitudes. Six families (Haliplidae, Dytiscidae,
Helophoridae, Hydrophilidae, Elmidae, Hydraenidae) and 17 genera (Haliplus, Acilius, Aga-
bus, Dytiscus, Hydroglyphus, Hydroporus, Hygrotus, Ilybius, Laccophilus, Nebrioporus,
Rhantus, Helophorus, Anacaena, Hydrobius, Limnius, Elmis, Hydraena) are living in the
both lake districts. Of the 36 representatives of the most species-rich family Dytiscidae
found in the Tatra lakes, only 18 species have not been collected in the Bohemian Forest
lakes. On the contrary, 12 species, living in the Bohemian Forest lakes, are missing in the
Tatra lakes. Marked difference between the lake beetle fauna of the Bohemian Forest and the
Tatra Mts. is higher diversity of the family Helophoridae in the latter region. There is only a
single common species, Helophorus flavipes, in both areas. While only one species (H. gra-
nularis) has been collected in the Bohemian Forest lakes, further eight species were collec-
ted in the Tatra lakes (H. aquaticus, H. asperatus, H. brevipalpis, H. brevitarsis, H. grandis,
H. griseus, H. montenegrinus, H. nivalis). Contrary to the Bohemian Forest lakes, no speci-
es of the families Gyrinidae, Noteridae, Scirtidae, and Chrysomelidae have been so far re-
corded from the Tatra lakes.
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Chironomidae

At generic level, a similarity exists in the composition of chironomid fauna between the
Bohemian Forest and north European lakes in the boreal zone. Of 42 genera encountered in
Fennoscandian boreal lakes (Mousavi 2002), 22 genera were also found in our recent sam-
ples from the Bohemian Forest lakes up to now: Ablabesmyia, Arctopelopia, Chironomus,
Cricotopus, Cryptochironomus, Endochironomus, Glyptotendipes, Heterotrissocladius,
Macropelopia, Microtendipes, Micropsectra, Pagastiella, Parakiefferiella, Paratanytarsus,
Phaenopsectra, Polypedilum, Procladius, Prodiamesa, Psectrocladius, Sergentia, Tanytar-
sus, Thienemanniella. However, the presence of other common lacustrine genera is very li-
kely (e.g., Cryptotendipes, Harnischia, Parachironomus, Paratendipes, Pseudochironomus).
Some of them (Heterotanytarsus, Dicrotendipes, Stictochironomus) has been found in the
outlets of Certovo and Prasilské lakes, and others (Paracladius, Cladopelma, Omisus, Tribe-
los, Cladotanytarsus) are known from the subfossil records.

In comparison with Fennoscandian boreal lakes, the genera Protanypus, Monodiamesa,
and Stempellina probably do not occur in the Bohemian Forest lakes. A comparison the
chironomid data from the Bohemian Forest lakes with chironomids from montane humic
lakes in the Tatra Mts. would be most appropriate. Unfortunately, as recent limnological
research has been focused on the Tatra lakes above the tree line, there are not enough data
from those forest lakes.

CONCLUSION

The Bohemian Forest lakes host rather distinct and somewhat eminent taxocenoses (both in
their richness and species composition) compared to any other lake district. However, diffe-
rent groups of insects reveal different degrees of similarity. In many taxa, the most similar
taxocenoses have been distinguished in the Tatra lakes, e.g., for Ephemeroptera and Trichop-
tera, or Coleoptera, when compared to the Bohemian Forest lakes. These lakes are certainly
situated on the biogeographic crossroad (see above, Biogeographic composition). Thus, be-
side their overall similarity with the Tatra lakes, their Heteroptera taxocenoses show the
highest similarity with those in the Alps and the generic composition of Chironomidae ta-
xocenoses are similar to boreal lakes.

Yet, any comparison of the considered European lake districts could be biased by at least
two causes. The first type of bias represents a sampling strategy — i.e., the chosen method(s),
sampling effort, and frequency (see the above discussion). The second type of bias may
come from (un)available information — i.e., the data access, literature search efficiency,
abundant grey literature (including possible language barriers), knowledge of sites, personal
contacts, etc. We are aware of this kind of a positive bias in the case of comparing the Tatra
lakes to the Bohemian Forest ones. Even though the former are vastly situated above the
forest line, the effects of common knowledge (cf. literature on Czechoslovak fauna), deeper
insight into local literature, joint projects, or personal contacts may naturally increase our
overall knowledge on biodiversity in the Tatra lakes.
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