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Annotation 

This thesis focuses on aquatic insect and newt assemblages in fishponds 

and other man-made standing waters. It reviews the effects of fishpond 

management and restoration of post-mining sites on main aquatic taxa, 

with main focus on aquatic insects in the littoral zone. The next five 

chapters deal with long-term changes of the littoral habitats in fishponds 

and with various aspects of the importance of littoral habitats for aquatic 

organisms, mainly predatory insects and newts. The results are used to 

recommend management approaches aimed to increase biodiversity and 

conservation value of fishponds and other man-made habitats. 
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Thesis introduction 

Aquatic insect assemblages in littoral zones of ponds and other man-

made habitats 

~ Overview ~ 

Freshwater habitats such as rivers, lakes, ponds and peat bogs are an 

important part of the global ecosystem because they are inhabited by 

more than 10% of all animal species (Stendera et al., 2012; Darwall et al., 

2018). However, these habitats have been strongly affected by human 

activities and the impact on their biota has been increasing in the past 

decades. Changes in land use, eutrophication, introduction of invasive 

species, pollution, overexploitation, and flow modification are among the 

strongest negative factors affecting running and standing freshwater 

habitats (Dudgeon et al., 2006; Darwall et al., 2018; Reid et al., 2019). 

Due to these factors or their combinations, 64-71% of the total global area 

of natural freshwater habitats were lost since 1900 (Davidson, 2014). This 

has led to a massive decrease in freshwater biodiversity, which is now 

faster than in terrestrial ecosystems (Dudgeon et al., 2006; Stendera et al., 

2012). 

On the other hand, human activity has created new habitats and 

habitat types, which may serve as surrogates for the vanishing natural 

biotopes (Sartori et al., 2014; Kolozsvary & Holgerson, 2016). 

Surprisingly little is known about the main environmental drivers creating 

and affecting species composition in many man-made habitats such as 

fishponds and ponds in sandpits or spoil heaps (Stendera et al., 2012), 

because the species may perceive and experience these habitats 

differently from their natural biotopes. Moreover, habitat requirements 

could vary between species and, within species, on larger spatial scales. 

This means that effective local conservation measures that work in one 

place may not work elsewhere, and conservation of one taxon may harm 

other taxa. For example, the habitat requirements of waterfowl differ from 

those of aquatic macrophytes or macroinvertebrates. 

 



Introduction 

 

3 

 

~ Effect of fishpond management on aquatic biota ~ 

Fishponds are the most common type of large standing waters in the 

Czech Republic. They represent man-made equivalents of natural shallow 

lakes and constitute half of the country’s total current wetland area 

(Čížková et al., 2013). Most fishponds in the Czech Republic are several 

hundred years old (IUCN, 1997). During that time, their management 

changed dramatically both in the Czech Republic and elsewhere in 

Central Europe. Until the end of the 19th century, fishponds were 

oligotrophic to mesotrophic due to the lack of intensive agriculture, 

moderate stocking with a range of fish species, and extensive 

management. Moreover, fishponds were regularly drained in summer or 

winter and left without water for several months to release mineral 

nutrients and to eliminate fish parasites and diseases (IUCN, 1997; 

Šumberová et al., 2006; Francová et al., 2019a). This undoubtedly 

contributed to a ‘near-natural’ status of many fishponds. Over the 

centuries, fishponds thus became secondary habitats for many species 

originally associated with peat bogs, small pools or waterlogged meadows 

(Kolář et al., 2017; Kolar & Boukal, 2020). 

At the end of the 19th century, fishpond management shifted to a 

more intensive operating mode characterized by the use of fertilization 

and stocking of monoculture of the common carp (Cyprinus carpio). This 

led to higher fish yields but also an increase in nutrient loading (IUCN, 

1997; Potužák et al., 2007). Since the 1960s, intensification of agriculture 

and major changes in land use lead to further eutrophication and even 

more intensive stocking and production of fish (Přikryl, 1996; Potužák et 

al., 2007) that continue until today. As a result, most fishponds are now 

eutrophic or hypertrophic with a low standing stock of zooplankton 

characterized by small species (Fig. 1), common algal or cyanobacterial 

blooms, and occasional periods of hypoxia and anoxia. Moreover, many 

littoral areas with shallow water and extensive macrophyte beds were 

destroyed for the sake of maximum fish yields (Chapter I). 
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Fig. 1: Changes in zooplankton body size and species composition on the 

gradient of low (left) to high (right) planktivorous fish stock (according to 

Přikryl et al., 2004). 

 

These changes in pond management undoubtedly led to decreases 

in local biodiversity in Central Europe and elsewhere. The declines have 

been only partially documented. Many studies focused on one taxon (e.g., 

birds: Pykal & Janda, 1994; Haas et al., 2007, amphibians: Kloskowski, 

2010, zooplankton: Přikryl, 1996; Potužák et al., 2007, dragonflies: 

Hassall et al., 2012; Šigutová et al., 2015, macrophytes: Šumberová et al., 

2006; Francová et al., 2019b, 2021) but some groups remain poorly 

studied. Aquatic insects are one of those groups; available evidence such 

as the extinction of the diving beetle Dytiscus latissimus in the 1960s and 

the decline of Graphoderus bilineatus in the Czech Republic (Hájek, 

2004, Chapter II) suggests that the last period of intensification and major 

changes in land use in 1950s had a strong effect on local aquatic insect 

assemblages. 

Ponds include three main types of habitat domains: littoral zone, 

and the benthic zone and water column of the open water area. The water 

column is inhabited mainly by phytoplankton, zooplankton and fish 

(Potužák et al., 2007; Nieoczym & Kloskowski, 2014) and aquatic insects 

use this habitat only rarely (e.g., Corixidae). Benthic communities of the 

open water are dominated by oligochaete worms, leeches and dipteran 

larvae, especially chironomids (Miller & Crowl, 2006; Sychra et al., 

2010). Aquatic insects are most common in the littoral habitats together 

with gastropods, amphipods and amphibians (Nilsson & Svensson, 1995; 

Tolonen et al., 2003; Kloskowski, 2010). Moreover, littoral zones are the 

main “hot spots” of fishpond biodiversity, especially when fish are 
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present (Sychra et al., 2010; Šetlíková et al., 2016; Kloskowski et al., 

2020). 

Aquatic invertebrate assemblages are influenced by many abiotic 

and biotic factors. Key abiotic factors include pH, temperature, water 

transparency, fluctuation of water column, and type of bottom. Key biotic 

factors include vegetation cover and heterogeneity and the species 

composition and biomass of stocked fish. Ponds in the Czech Republic 

are mostly stocked with common carp (Cyprinus carpio), sometimes 

together with other supplementary species such as pike (Esox lucius), 

grass carp (Ctenopharyngodon idella) and catfish (Silurus glanis) 

(Francová et al., 2019a). Common carp negatively impacts the pond 

environment in multiple ways. Studies reporting very limited impact of 

common carp on invertebrate communities might have used inadequate 

sampling and statistical methodology (Šetlíková et al., 2016) or low 

taxonomic resolution (Nieoczym & Kloskowski, 2014) that could conceal 

the differences in species diversity. 

The effects of common carp on aquatic biota are both direct and 

indirect (Fig. 2; e.g., Parkos III et al., 2003; Vilizzi & Tarkan, 2015). 

Increasing carp stock decreases the abundance and diversity of vascular 

plants (Broyer & Curtet, 2012; Francová et al., 2019a, 2021) directly by 

digging in the sediment because carp could disrupt the ground as deep as 

10 cm (Ivlev, 1961) to feed indiscriminately on invertebrates and new 

plant sprouts (Crivelli, 1983; Sidorkewicj et al., 1999; Vilizzi & Tarkan, 

2015). 

This directly limits submerged plant growth and leads to elevated 

mortality through uprooting of individual plants. Moreover, carp also 

affects nutrient dynamics through its excretion that supports algal growth 

(dominated by cyanobacteria) and increases the suspended solids and 

nutrients in the water column (Matsuzaki et al., 2007) especially in late 

season (Parkos III et al., 2003). Thus, carp affects aquatic plants 

indirectly by increasing water turbidity, which decelerates plant growth 

and may in the long term contribute to the total destruction of the littoral 

zone (Matsuzaki et al., 2007; Broyer & Curtet, 2012, Fig. 3, Chapter I). 
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Fig. 2: Direct and indirect effects of common carp on the freshwater 

ecosystem (Vilizzi & Tarkan, 2015). 

 

Fish in ponds negatively influence aquatic insect communities and 

amphibians. Insect and amphibian abundance and diversity decrease when 

fish are present (e.g., (Kloskowski, 2010; Kloskowski et al., 2020), 

typically in favour of smaller species (Wellborn et al., 1996; Tolonen et 

al., 2003). In particular, ponds with less abundant plants or with high 

turbidity caused by high fish stock (see above) host fewer aquatic insects 

than ponds with vegetation (Tolonen et al., 2003). Insects exploit 

vegetation as refuges from predators (Scheinin et al., 2012; Kloskowski et 

al., 2020) and many predatory insects (e.g., many dragonfly and 

damselfly larvae) prefer vegetation as perching sites for hunting (Klecka 

& Boukal, 2014; Kolar et al., 2019). Moreover, some insect predators are 

visual hunters that cannot forage efficiently in turbid water. Finally, 

submerged and emerged plants serve as oviposition sites for some insect 

species (Inoda, 2011; Yee, 2014) and provides food either directly or 

indirectly by supporting the growth of periphyton (van Vondel & Dettner, 

1997). Some groups of aquatic insects such as odonates, beetles and 

mayflies are absent or less abundant or less diverse in fishponds (Gee et 

al., 1997; Tolonen et al., 2003; Kloskowski, 2011a). On the other hand, 

invertebrate predators in fishponds are also less common and less active, 

which could potentially lead to an increase of their prey (Wellborn et al., 

1996; Kloskowski et al., 2020). For example, some insect groups such as 
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caddisflies or the common toad Bufo bufo can increase in abundance due 

to the absence of natural predators in fishponds (Manteifel & 

Reshetnikov, 2002; Kloskowski et al., 2020). 

 
Fig. 3: Example of a decline in the vegetated littoral area in a fishpond in 

the last 70 years (red triangle = Bažina fishpond, part of the Vrbenské 

rybníky Natural Reserve). See Chapter I for a full analysis. 

 

The above effects are usually mediated by the biomass and the age 

and size structure of the fish. Larger carp cause more disturbances in the 

bottom and in the littoral zone than smaller one-year old fish, with more 

severe consequences for the local biota (Kloskowski, 2011b; Nieoczym & 

Kloskowski, 2014). However, some aquatic insects such as aquatic bugs 

do not seem to respond to fish age. This could be explained by their 

ability to obtain their prey in turbid water in contrast to diving beetles or 

most dragonflies, or by the fact that fish do not prey on them (Papáček, 

2001; Kloskowski, 2011b), which favours them under apparent 
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competition with other groups. Moreover, some of the bugs (Corixidae) 

are polyphagous and increased eutrophication may enhance rather than 

diminish their food base. 

Aquatic insect and amphibian assemblages in fishponds are further 

structured by biotic interactions within the communities, sometimes 

mediated by the fish. For example, predatory aquatic insects (mainly 

diving beetles, dragonfly larvae, and true bugs) and newts can be subject 

to indirect competition among themselves (Klecka & Boukal, 2014; 

Anderson & Semlitsch, 2016) and with the fish. The latter are usually 

better competitors because of their larger size, although large predator 

species can feed on fish fry (Papáček, 2001; Veselý et al., 2017). High 

diversity of predatory aquatic insects can be maintained, e.g., through 

niche separation and use of different microhabitats (Anderson & 

Semlitsch, 2016; Kolar et al., 2019). For all these reasons, it is still 

unknown to what extent fish stocking practices and other fishpond 

management decisions influence the local aquatic insect assemblages and 

relationships between the different trophic levels. 

For example, one of the traditional forgotten fishpond 

management is periodic summer and/or winter drainage i.e., leaving the 

fishpond for part of the season on law water level or empty (IUCN, 1997; 

Francová et al., 2019a). This enhances the decomposition of organic 

matter in aerobic conditions and thus increases fish production. It was 

also used to combat fish diseases and parasites in the past (Šumberová et 

al., 2006; Francová et al., 2019a) and nowadays to decrease non-native 

fish species (e.g., Pseudorasbora parva, Lepomis gibbosus, Ameiurus 

nebulosus). However, the effect of drainage is more often studied in the 

context of macrophytes (Arnott & Yan, 2002; Šumberová et al., 2006): it 

is recommended as a suitable management option to increase the overall 

macrophyte diversity (Šumberová et al., 2006; Broyer & Curtet, 2012; 

Francová et al., 2019b) or to support some species, e.g., Littorella 

uniflora (Kolář et al., 2017). 

Pond drainage can also positively affect some zooplankton 

species, probably through the indirect effect of nutrient release to the 

water column (Hough et al., 1991). The effect of drainage on aquatic and 

semi-aquatic macroinvertebrates is almost unknown (but see Meutter et 
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al., 2005). Drainage could favour pioneer species and thus one drainage 

pond in a fishpond system can increase local diversity. Finally, the 

aeration of bottom sediment can promote macrophyte growth and hence 

indirectly increase the macroinvertebrate densities (see above). This could 

then have a positive effect across the higher trophic levels up to the top 

predators such as birds. 

 

~ Post-industrial sites as secondary habitats for freshwater species ~ 

Other common standing freshwater habitats in the modern European 

landscape are sites created after surface mining actions such as gravel, 

china clay and sandpits, and pond and lakes spontaneously or artificially 

created in the mine, spoil heaps and mine subsidence areas. Globally, 

mining-affected areas vary between 0.3% (Cherlet et al., 2018) to 1% 

(Walker, 1999) of the land surface. Their effective management could 

create important ecosystems, which could support diverse freshwater 

organisms in the man-affected landscape. 

Post-mining sites can indeed serve as important refuges for 

freshwater organisms including amphibians (Vojar et al., 2016, Chapter 

IV), zooplankton (Moreira et al., 2016; Goździejewska et al., 2018), 

insects (D’Amico et al., 2004; Dolný & Harabiš, 2012; Pakulnicka et al., 

2015) or oligochaetes (Sowa & Krodkiewska, 2020). Typically, they offer 

ponds of various sizes characterized by a low level of eutrophication and 

relatively high morphological diversity (Hendrychová & Kabrna, 2016). 

The potential of such post-mining sites for biodiversity conservation 

depends largely on the applied restoration approach. In Central Europe, 

the most common restoration practice is technical reclamation consisting 

of surface remodelling by heavy machinery, its covering with fertile 

topsoil, planting of tree monocultures or sowing of species-poor 

productive grasslands, and often also a creation of artificial ponds and 

lakes (Tropek et al., 2010; McCullough & van Etten, 2011; Hendrychová 

et al., 2020) used for recreation and sometimes for intensive aquaculture 

(Mallo et al., 2010). Examples of entirely or partly spontaneous 

succession are less common: the area is left without any modelling 

activities or partly modelled, and ponds are created naturally (Harabiš et 

al., 2013; Fig. 4). 
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Fig. 4: Four main types of larger standing freshwater habitats in north-

west Bohemia studied in Chapters IV and V: 1) spontaneous, 2) semi-

spontaneous and 3) artificial pond at a spoil heap and 4) fishpond. Panels 

are on different scales (www.mapy.cz). 

 

Numerous comparative studies showed that spontaneous 

succession is more effective than costly technical reclamation for the 

conservation of the terrestrial biodiversity of post-mining sites 

(Řehounková et al., 2016; Moradi et al., 2018), but similar knowledge for 

freshwater habitats is very limited. Recent studies have shown that 

spontaneous and semi-spontaneous succession leads to higher diversity 

and abundance of amphibians and dragonflies (Harabiš et al., 2013; Vojar 

et al., 2016). Moreover, artificially created ponds are often close to 

settlements and serve for recreation including legal or illegal fishing and 

fish stocking, which makes them similar to fishponds (V. Kolář, pers. 

obs., Chapters IV and V). They may also host invasive crayfish (Patoka et 

al., 2016) and fish (V. Kolář, pers. obs.) that threaten the native biota. 
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Successional stage is another important driver of community 

composition in small ponds (Rahel, 1984; Layton & Voshell, 1991; 

Bloechl et al., 2010, but see Gee et al., 1997). Early stage succession, 

characterised by an open habitat with limited aquatic vegetation, is 

preferred by ‘pioneer’ species (Kehl & Dettner, 2003). These species have 

become rare or endangered because the modern Central European 

landscape lacks natural disturbances such as spring floods in river 

floodplains. The rate of succession is further driven by the amount of 

available nutrients, which has increased due to widespread eutrophication, 

making early stage succession habitats even scarcer. 

Several studies showed that the presence of habitats in different 

successional stages is necessary to increase local biodiversity (e.g., plants: 

Teurlincx et al., 2018). Pools of different age are often present at post-

industrial sites such as sandpits or spoil heaps, which suggests that these 

sites could harbour considerably diverse aquatic communities (Chapters 

III, IV, V). However, from the high number of studies which dealt with 

succession or reclamation activities at post-industrial sites (e.g., Tropek et 

al., 2010; Řehounková et al., 2016; Růžičková & Hykel, 2019) only some 

of them focused on aquatic taxa, mostly amphibians, dragonflies and one 

on benthic invertebrates (e.g., see Table 1 in Chapter V). Moreover, 

different types of ponds created during reclamation activities are often 

studied only in Central Europe as studies from other parts of the world 

usually only compare industrial and natural sites (Zhang et al., 2019, 

2020). Effective restoration should be based on thorough knowledge of 

habitat requirements (e.g., the type of pond and its preferred successional 

stage) of different groups to maximise the support of local biodiversity. 

Thus, more studies focusing on different taxa are needed to find and 

recommend specific restoration and management actions. 

 

~ Aims and scope of this thesis ~ 

In this thesis, I focus on aquatic ectotherms occupying man-made habitats 

in the Czech Republic, especially fishponds and ponds at spoil-heaps and 

sandpits. As the study organisms, I chose predatory aquatic insects 

(beetles, heteropterans and odonates) that are the top predators in fishless 

habitats and their presence and abundance affects the whole community 
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structure (Wellborn et al., 1996). These species are also relatively rare 

and occur at lower densities. Thus, they could be used as bioindicators 

and sentinel species that reflect the biotic and abiotic changes in the 

ecosystem. While the main focus of my thesis is on predatory aquatic 

insects, I have also surveyed newts in post-industrial habitats because of 

their important role in community structuring and prominent status in the 

conservation of standing water habitats. 

 In Chapter I, I focus on the status of littoral zones in fishponds 

and their effective conservation. Littoral zones are an important part of 

the ecosystem and harbour most of the pond macroinvertebrate 

biodiversity. I use selected protected areas in South Bohemia as a case 

study to document the widespread decline of the littoral zone areas in the 

second half of the 20th century and to discuss the effectiveness of 

protected area status to stop or revert this process. 

Effective conservation of endangered species requires good 

knowledge of their habitat requirements (Stewart et al., 2007). In 

Chapter II, I deal with the protection of diving beetle Graphoderus 

bilineatus listed in NATURA 2000 (see above). Several other studies on 

the habitat preferences of G. bilineatus across Europe were published 

(Cuppen et al., 2006; Iversen et al., 2013), but these preferences may vary 

at large spatial scales. Thus, the same species may have different 

preferences on the opposite sites of its areal and more studies are 

necessary for its effective conservation. I assessed its habitat and 

microhabitat preferences and characterized the co-occurring water beetle 

communities in 82 pools and ponds in South Bohemia and compared my 

results to those from other countries. 

In Chapters III, IV and V, I focus on newly created habitats in 

sandpits and spoil heaps and compare them to nearby fishponds as 

another common man-made habitat. I have studied dragonfly assemblages 

of early and late successional sandpit ponds (Chapter III) and newts 

(Chapter IV) and aquatic beetles and hemipterans (Chapter V) in ponds 

created during restoration. As stated above, effective restoration requires 

good knowledge of the habitat requirements of main groups, because in 

some cases the preferences of different species or higher taxa can be 

completely opposite. For this reason, Chapter V includes a synthesis of 
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known habitat preferences of main groups of animals (both vertebrates 

and invertebrates) and aquatic macrophytes at spoil heaps and provides 

recommendations for management options that should lead to support the 

highest species diversity including rare aquatic species. 

In sum, I hope that the five studies of aquatic taxa occupying the 

littoral zones of man-made habitats included in this thesis will increase 

our knowledge of their distribution and habitat requirements and 

contribute to their effective evidence-based conservation in the Czech 

Republic and elsewhere. 
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Highlights 

 We evaluated long-term changes in the littoral zones of 46 

fishpond reserves in Czechia. 

 The area of littoral zone decreased markedly over time in most of 

the fishponds. 

 Reserve duration, fishpond area and conservation target did not 

affect the trends. 

 Changes in fishpond management are recommended for littoral 

zone recovery. 
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Abstract 

Fishponds play a key role in current pondscape in many developed 

countries. Their littoral zones, supporting multiple ecosystem functions 

including the maintenance of aquatic and riparian biodiversity, have been 

adversely affected by the move towards more intensive aquaculture and 

widespread eutrophication in the middle 20th century. To counteract these 

changes, many fishponds received some protection, but its long-term 

efficiency has not been studied. Here we focus on the role of conservation 

status in protecting the area of littoral zones of fishponds in Czechia 

between the years 1950 and 2019. We found that the conservation status 

of these fishponds did not prevent habitat deterioration in most of the 

fishponds, especially during the second half of the 20th century. 

Moreover, we detected no significant effects of the reserve establishment 

year, fishpond area and conservation target on the littoral zones. This 

suggests that the conservation measures are insufficient across fishpond 

reserve types. We attribute the negative trends to persisting high fish 

stocks, especially of common carp, and eutrophication resulting from 

additional feeding, pond manuring, and ongoing nutrient inputs from the 

surrounding landscape and entire catchments. Sediment dredging and 

high grazing pressure by waterfowl in some reserves can further 

aggravate the situation. We conclude that effective protection of the 

littoral zones requires a paradigm shift towards less intensive fish stock 

management, more frequent summer drainage, and effective reduction of 

all nutrient inputs to increase the water quality. Such measures can help 

recover the littoral areas and the associated biota. 

 

Keywords: Management, macrophytes, biodiversity, nature conservation, 

man-made habitats 
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Highlights 

 We compared odonate communities in sandpit ponds and fishponds. 

 Community composition differed between habitat types despite 

similar diversity. 

 Aquatic vegetation, water depth and bottom substrate shaped local 

communities. 

 Diverse man-made habitats beget diverse odonate communities in 

standing waters. 
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Abstract 

Man-made freshwater habitats are an important part of the European 

landscape, especially in areas with mostly absent or degraded natural 

habitats. To assess the role of different man-made standing waters in 

anthropogenic landscapes, we surveyed adult odonate communities in a 

cluster of 20 water bodies including fishponds and sandpit ponds in early and 

late successional stages. We found 25 odonate species (i.e., 47% of the fauna 

of the Czech Republic), but their presence differed significantly among the 

three habitat types. The highest species diversity, driven mainly by the 

presence of generalists, was found in fishponds. Sandpit ponds in an early 

successional stage hosted the least diverse communities dominated by 

pioneer and vagrant species. Specialist species occurred in both types of 

sandpit ponds, especially those in a late successional stage, more than in 

fishponds. Although the dragonfly biotic index did not differ among the 

three types of localities, all four species from the national Red list recorded 

during the study occurred only in sandpit ponds. The main environmental 

drivers of local odonate communities included the coverage of shoreline by 

emergent vegetation, water depth and bottom substrate; the latter two 

characteristics largely corresponded to the distinction between sandpit ponds 

and fishponds. We conclude that both sandpit ponds and fishponds play an 

important role in maintaining freshwater biodiversity that requires a mosaic 

of habitats in different successional stages. 

 

Keywords: Odonata, fishponds, sandpits, post-industrial habitats, species 

richness, diversity, dragonfly biotic index 
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Abstract 

1. Post-mining freshwater habitats can serve as secondary habitats for 

threatened species. Being globally plentiful, their efficient restoration 

should be based on detailed evidence, especially under the current 

global decline of freshwater biodiversity. Synthetic studies focusing on 

impact of restoration practice on freshwater communities are 

surprisingly rare even for the most common restoration approaches. 

Such lack of evidence limits the efficient habitat restoration in post-

mining landscapes. 

2. We combined a landscape-scaled field study of aquatic beetles and 

hemipterans in 29 freshwater pools at lignite spoil heaps in Czechia 

with a comparative synthesis of all 14 available datasets on freshwater 

communities at habitats created by coal mining in Central Europe. We 

compared diversity and conservation value of freshwater habitats 

created by the main restoration approaches, including technical 

reclamation, spontaneous succession, and their combination. 

Additionally, we analysed detailed influence of key habitat descriptors 

on their conservation potential. 

3. Communities of aquatic beetles and hemipterans (1,384 adult 

specimens of 79 species) were richer in spontaneously and semi-

spontaneously developed pools, which were also preferred by more 

red-listed species of both studied groups. The reviewed studies showed 

the same trend for amphibians, odonates, dipterans, and 

macrozoobenthos, although some technically created pools and 

drainage ditches harboured valuable communities of aquatic plants, 

odonates, and macrozoobenthos. 

4. The conservation value of freshwater communities was driven by 

particular characteristics of the restored habitats, relatively 

independently of the general restoration approach. The key beneficial 

features were smaller area of restored water bodies, heterogeneous 

littoral vegetation with suppressed dominants, and heterogeneous 

bottom with low and mild banks. No fish should be introduced. The 

water surface should not be shaded by too many trees, but some forests 

in surroundings were beneficial. 
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5. Synthesis and applications. Efficient restoration of freshwater habitats 

at post-mining landscapes can create important secondary refuges for 

threatened biodiversity. Freshwater communities of high conservation 

value can be supported by all main restoration approaches if the 

heterogeneous habitats are created. Combination of technical 

reclamation with spontaneous succession seems to be the most 

efficient approach to maximise biodiversity of the restored freshwater 

habitats at coal-mining spoil heaps. 

Keywords: aquatic insects, biodiversity conservation, freshwater 

communities, human-made habitats, post-industrial sites, restoration 

ecology, spontaneous succession 
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