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Abstract - Dragonflies of sandpits and their succession were studied in 10 sand
mines in south-eastern Poland in the years 1996-1998, based mainly on larval
communities. 41 species were collected, of which 28 were autochthonous, and 6
probably autochthonous. A rapid succession of larval communities was observed.
Many Mediterranean species occurred in the sandpits, of which the most interesting
were: Lestes barbarus (Fabr.), Aeshna affinis (Vand. Lind.), Hemianax ephippiger
(Burm.), Anax imperator Leach, Sympetrum fonscolombii (Sél.), and S. meridionale
(Sél). Dragonflies inhabiting sand- and gravelpits in Central Europe, and the
importance of these secondary biotopes for protection of the endangered dragonflies
are briefly discussed.

Key words: Odonata, dragonfly larvae, secondary biotopes, succession, southern
fauna, endangered species.

1. Introduction

The consequence of industrialization is, among destruction of natural biotopes,
the emergence of secondary ones. In the case of stagnant waters, these are, for
example, the water bodies that emerge in gravel- and sandpits. These are very
interesting environments owing to the dynamic succession of fauna and presence
of various numerous rare southern species; moreover, their importance is also
significant as a secondary biotope for dragonfly species that are endangered
(Bulankova 1997, Schmidt 1995, Tol and Verdonk 1988, Wildermuth 1994, Wilder-
muth and Krebs 1983a). These are the reasons why a considerable number of
interesting articles concerning dragonflies have been published (Bilek 1952, Donath
1980, Ohnesorge 1988, Ott 1995, Trockur 1997, Wildermuth and Krebs 19836).
Unfortunately, data concerning dragonflies inhabiting this biotope in Poland are
very poor. Only Mielewczyk (1972) gives more extensive information, and in some
other works some fragmentary data are available (Bernard and Musiat 1995,
Buczyniski 1995, 1996, 1999).

The materials presented in this work were collected in the course of research
on the distribution of some Mediterranean dragonflies in Poland. In the Polish
climate it seems that water bodies located in sandpits constitute a particularly
convenient environment for their development and, in consequence can be used to
determine the range of these species and the changes connected with climate
variations. In the course of research the succession was also observed.
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2. Study area

The work was carried out in 10 sandpits in south-eastern Poland (50°36'-51°29' N,
22°24-23°06' E) at (1) Momoty Dolne, (2) Szewce, (3) Tyszowce, (4) Wola Gardzie-
nicka, (5) Dorohucza, (6) Kolonia Jaszczéw, (7) Milejow, (8) Malinowka, (9) Nadrybie,
and (10) Zienki (Fig. 1). Altogether, there were approximately 50 water bodies.

Fig. 1. Location of investigated stations (open circles).

The analysed sandpits were characterised by similar biotope features. They
were located in open areas, in river valleys, or in the vicinity of smaller water
flows. Their area reached from several hundred square metres up to 1 ha; only the
sandpit at Wola Gardzienicka being larger (approximately 3 ha). The waters were
rather small (10-200 m2) and shallow (40-50 cm, rarely up to 1 m). Nevertheless
that they did not dry up, which means that they were supported by ground water.
The water was transparent, basic: pH 7.76-8.02. Only in Momoty Dolne was the
pH lower: 6.92 (the effect of a nearby watercourse carrying acidic humus water),
while at Wola Gardzienicka pH was higher: i.e. 9.12. The water temperature
reached a maximum of 30 °C (in June and July), and was slightly lower in water
bodies overgrown with cattails and reed - approximately 24 °C. The presence of
flsh (carp) was observed only in water bodies at Momoty Dolne.

The succession of vegetation observed in the water bodies appeared similar.
Helophytes dominated; at first these were Carex sp., Juncus sp., and Heleocharis
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sp., while older water bodies were overgrown by Phragmites australis (Cav.) Trin.

ex Steud. and Typha sp. Often present were Salix sp. also. Forms with floating and

immersed leaves were not present; there was only Potamogeton natans L. in the

water body at Tyszowce. The succession of vegetation was very rapid - during one

season considerable changes in the spatial structure of the water bodies were

observed (e.g. displacement of Heleocharis palustris R. Br. by Typha latifolia L.).

Simultaneously with the succession of vegetation and biomass accumulation, the

water body fertility also changed: in newly-emerged water bodies the electric

conductivity was 27-88 uS cmji, and at advanced succession it reached 683 uS cmi
For the needs of the analyses, the investigated water bodies were divided into

four groups:

I. Newly-emerged, without macrophytes, often with the bottom covered with an

algal coating.

Il. Two-years old, with sporadic helophytes.

IIl. Three-years or older, with low helophyte occurrence (Carex sp., Juncus sp., H.

palustris).

IV. Advanced succession stages, overgrown with helophytes (Typha sp., P. australis).

3. Material and methods

The material was collected in the years 1996-1998, the already published
materials on Tyszowce from 1995 (Buczynski 1996) being used to some extent. The
basic method was half-quantity takes with a hydrobiological scoop. All larvae were
taken out of the scoop while the sample surface was determined approximately
(thus the presented values of larvae density are approximate in character). Exuviae
were collected and imagines set free after identification; only evidence specimens being
kept. Emergence of imagines and reproductive behaviour were noted. Altogether,
the following were collected: 1436 larvae, 78 exuviae, and 116 imagines. In water
bodies at particular succession stages, the following were collected: Group 1-77
larvae and exuviae (12 samples at 3 localities); Group Il — 127 (19 samples at 4
localities); Group Il - 918 (45 samples at 8 localities); Group IV - 392 (27 samples
at 4 localities). The evidencial material is stored in the Zoology Department, Maria
Skiodowska-Curie University, in the author's collection.

In the water bodies, the following measurements were taken: temperature -
using a Slandi TC204 thermometer, pH - with a Slandi PH204 pH-meter, and
electric conductivity of the water - with a Slandi CM204 conductometer.

The age of the water bodies emerged in the course of the study or briefly before
it began and was determined empirically (observation, reconnaissance in the area).
The remaining water bodies were divided according to the level of the succession
of vegetation (part of water bodies from Groups Il and IV).

The following categories of dragonflies were determined: species which develop
(criterion: presence of larvae, exuviae and/or juvenile imagines), probably developing
species (only mature imagines, reproductive behaviour observed), development not
confirmed (only mature imagines, reproductive behaviour not evidenced).
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4. Results

The collected material represented 41 species of dragonfly, including 28 auto-
chthonous ones and 6 probably autochthonous (Table 1). The fauna of particular
sandpits was relatively similar; significant differences, however, were observed in
the case of water bodies in different stages of succession - even if they were located
in the same sandpit.

The quantity of species also differed (Fig. 2): in newly-emerged water bodies,
1 species was present; in two-year water bodies - 7 species; in older water bodies,
overgrown with older helophytes - 40 species; in the oldest water bodies, overgrown
with cattails and reed - 17 species. Similar changes were observed in the larval density
(Fig. 2); in the water bodies of Group | it was 6-9 ind. m-2, the average being 6.7
(only once, on humid mud on the bottom of a dried-out water body, were there
140 ind. m-2); in older water bodies - respectively as follows: Group Il - 7-20 ind. m-2
(on average: 12.7), Group Il - 3-170 ind. m-2 (on average: 55.7), Group IV: 8-54 ind.
m-2 (on average: 33.0). Changes in the percentage share of Anisoptera larvae were
reversed for changes in larvae density (Fig. 2).

Succession stages

Fig. 2. Dragonflies in particular succession stages of investigated sandpits: A - developing
species, B - probably developing species, C - development not observed, D - average larval
density, E - percentage share of Anisoptera larvae.

The changes in composition and quantitative structure of the dragonflies were
also important (Table I). In young water bodies, pioneer species were dominant. In
the first year, 100% of the collected material was Libellula depressa, in the second
year more than 63%, while the runner-up in terms of abundance was, also
pioneering, Ischnura pumilio. Among them, eurytopic species emerged: Lestes spon-
sa, Coenagrion puella, and Sympetrum vulgatum, accompanied by thermophilous
Orthetrum albistylum. In older water bodies (Group Ill) the importance of pioneer
species decreased, although they were still considerably abundant. Sympetrum
vulgatum and Coenagrion puella were dominant and there were also abundant
small water body and low peat bog species. In the oldest water bodies (Group V)
no species was observed - apart from Epitheca bimaculata - which had not appeared
earlier. However, many species were missing - both thermophilous and/or those
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that prefer such areas of water bodies where vegetation is less abundant. Libellula
depressa was not abundant, being present only at the edges of water bodies.

In the analysed water bodies thermophilous, southern species were abundant.
The qualitative ratio of Mediterranean species to Siberian ones (of St Quentin
sense, 1960) was 1.06:1, while for the Lublin area it was 0.86:1. This ration
changed with the succession of water bodies and reached its quantitative peak in
water bodies of Group Il and qualitatively in those of Group IV (Fig. 3).

Fig. 3. Mediterranean to Siberian species ratio in number of species (hatched bars) and in
number of collected larvae and exuviae (dotted bars) in particular succession stages of
investigated sandpits. In water bodies of | succession stage no Mediterranean species were

found.

Among the Mediterranean dragonflies that were observed there were many
species considered rare, for instance Lestes barbarus, Ischnura pumilio, Aeshna
affinis, Hemianax. ephippiger, Orthetrum albistylum, O. brunneum, O. coerulescens,
Sympetrum depressiusculum, S. fonscolombii, S. meridionale, and S. striolatum.
Their status in the analysed water bodies differed. No data were collected that
could confirm the development of Hemianax ephippiger and Orthetrum brunneum.
In the case of Aeshna affinis and Orthetrum coerulescens reproductive behaviour
was observed. O. coerulescens is a rheophile, probably connected with streams
flowing in the vicinity of a sandpit, and A. affinis could be autochthonous in the
Tyszowce sandpit - the first data concerning its emergence appeared in 1992, and
it was also observed in abundance in 1995 (Buczynski 1995, 1996), the imagines
observed being abundant and reproducing intensively. The remaining species were
collected in their larval stadium. The most appropriate water bodies for them were
those characterized by high insolation. In the first two years of the existence of
water bodies, these species were rather infrequent, while in older water bodies
(Group I1I) there were a number of thermophilous species, one of them most
typically being Orthetrum albistylum, observed at 7 stations.
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5. Discussion

In the results presented the variety of fauna is conspicuous, although the study
embraced a relatively small number of objects. A few authors give similar results,
such as, e.g., Ott (1995) - 40 species from 33 sand- and gravelpits in the
Rhine-Palatinate (Germany), Wildermuth and Krebs (19836) - 39 species from 12
gravelpits in northern Switzerland. More frequently, a smaller number of species
was observed, e.g. Konigsdorfer (1997) - 33 (145 gravelpits, Bavaria, Southern
Germany), Trockur (1997) - 30 (30 gravelpits, Luxembourg). Unfortunately,
comparative data from Poland are lacking; only Mielewczyk (1972) presents more
comprehensive data about gravelpits in the vicinity of Gniezno, but mentioning
only 15 species from the whole fauna.

When taking into account the generally large number of species, the fauna of
particular objects was rather poor in terms of quality: a maximum of 23 species,
usually below 20. In other works, apart from similar data (e.g. Mdckel 1997, Ohne-
sorge 1988, SGL 1999), can also be found 33 species plus 4 noted in handwriting
on the offprint (Bilek 1952), or 32 species (Donath 1980).

This apparent contradiction results from the spatial structure of the water
bodies, which was little varied, without deep fragments, and therefore without
plants such as Potamogeton sp., Nuphar lutea (L.) Smith in Sibthorp et Smith,
Nymphaea sp., Myriophyllum sp. The differences between the spatial structure of
individual water bodies were considerable, hence the number of species observed.

The qualitative and quantitative changes, clearly correlated with the evolution
of the spatial structure of the water bodies, which stemmed from the plant
succession, tallied with the general model of succession (Odum 1977); these
changes recalled succession in gravelpits in the vicinity of Gniezno (Mielewczyk
1972). The number of species and density of larvae increased with the availability
of resources (although the changes in biomass were presumably smaller than
densities; in new water bodies the number of Anisoptera larvae was much larger
than the number of Zygoptera larvae, with a smaller body mass). The fall in
variety in the oldest water bodies might have resulted from the stabilization of
environmental conditions - the effect of smaller astaticism (Czachorowski 1997).
Succession led through the species communities typical of small water bodies; from
“Orthetrum-Libellula depressa”, characteristic of areas of poor fauna and uncovered
bottom, to “Lestes-Sympetrum-Aeshna mixta”, typical of rushes (Jacob 1969). The
medium stage was close to “Erythromma-Anax imperator”, which was poorer in
terms of quantity and quality owing to the lack of species connected with immersed
plants and plants with floating leaves. It was very characteristic that these
formations followed one another, not co-existing; this was also the result of little
spatial variation of water bodies.

The question emerges as to whether, and to what extent, we can determine the
common features of dragonflies living in excavations. Generally speaking, it is
difficult to present a cohesive model of fauna and its succession. The local factors
(the structure of local fauna, the differences in species, and their ecology in
different parts of their range, features of microbasin) are too strong and may cause
the water bodies to evolve in various ways. Their locality also brings about changes
in the course of succession. Therefore the succession of dragonflies would be more
of a stochastic rather than deterministic process, and the composition of fauna in
water bodies located in different areas is not and cannot be identical. However,
a few features common to the water bodies can be mentioned; these features are
generally close to those of small natural water bodies. They are: the dominance of
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eurybionts (a general characteristic of small water bodies, irrespective of their history),
abundant presence of thermophilous species, and frequent presence of low-peat species.
Moreover, sometimes in the excavations rheophile species can be observed.

The water bodies studied showed the majority of the features enumerated
above. The dominance of eurybionts was connected with the instability of
environmental conditions. The presence of thermophilous species is obvious owing
to the thermal factors of the water bodies. In new ones thermophilous species were
not very numerous, which may be due to the fact that they are scattered and
therefore the probability of an imago living in a particular water body is relatively
small. In the course of time, however, they can be observed in all water bodies.
What is interesting is that there were no essential differences in the population of
the species on the North-South line which may point to the fact that the area of
study lies in their range.

The observation of migrant dragonflies is particularly precious: Aeshna affinis,
Hemianax ephippiger, Sympetrum fonscolombii, and S. meridionale. These species
and their range are regarded as an indicator of a warming up of the climate
(Martens and Gasse 1995, Mdller et al. 1996, Ott 1996).

In the case of Aeshna affinis there is a discussion as to whether in Central
Europe it becomes an autochthonous species, with an accompanying warming up of
the climate. It is certainly capable of making temporal, unstable populations
(Peters 1987, Schorr 1990, Bernard and Samolag 1995). Recently, however, it has
been observed much more frequently, e.g. in Germany its development has been
observed since 1992, each year in the Elba valley (Martens and Gasse 1998). The
reports from Poland are also more frequent than previously (Bernard and Samolag
1995, Buczyniski 1995, 1996, 1997, 1999). It seems, however, that the issue of
autochthony of Aeshna affinis is still open and requires further examination.

For the remaining infestation species, each statement is a piece of information
about the course and range of their migration. Therefore, the collected data show
that south-eastern Poland - at least in the last 3 years - was still within the range
of the migration of Sympetrum fonscolombii and S. meridionale and, in 1998, also
Hemianax ephippiger.

Here we may risk the statement that the post-exploitation water bodies
constitute a novelty in the environment and, thanks to this, the northbound
expansion of Mediterranean fauna is facilitated, as compared with the original
environment. It seems, however, that these water bodies are to be considered
secondary as opposed to flood-land reservoirs of natural river valleys (Wildermuth
and Krebs 19836); in this sense, their presence does not introduce any new factors
but recalls the original situation.

The presence of low-peat species in post-exploitation water bodies is usually
connected with their dystrophication: either autogenous (Mielewczyk 1972) or
resulting from the inflow of acid waters from a microbasin. It was also conspicuous
in the studied water bodies: low-peat species were most abundant in water bodies
in Momoty Dolne - characterized by the lowest pH, located in the vicinity of
a Circaeo-Alnetum alder swamp with a stream flowing through it.

The present study did not show the development of rheophiles. Their presence
in still waters is connected with areas of strong waving, although their presence
may simply be due to good water quality, caused either by ground waters or
relatively small movements of water made by the wind (Weihrauch 1998). At least
one of the conditions - ground water support - was fulfilled by the studied water
bodies. It seems, however, that the water temperature was too high and the
concentration of oxygen too low. This statement requires further area examination.
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A separate question is the importance of water bodies in excavations for
endangered dragonflies. In many European countries this is considerable
(Wildermut and Krebs 19836, Schmidt 1995, Tol and Verdonk 1988, Trockur 1997,
Xylander and Stephan 1998). In south-eastern Poland it is not so important at the
present moment. Of 22 species proposed for the Red List of dragonflies in Poland
(kabedzki et al. 1999) only 5 were observed, all from category “I” (Indeterminate).
Only two of them (Sympetrum striolatum and Leucorrhinia pectoralis) were
connected with the studied water bodies, and they were caught sporadically and
not abundantly; other (Calopteryx virgo, Orthetrum brunneum, O. coerulescens)
appeared incidentally. This results from the fact that small water body dragonflies,
which constitute a major part of the species included in Western European Red
Lists (as e.g. in Germany - Ott and Piper 1997) are not endangered in Poland. The
only small-pools species which is proposed for the Polish Red List is Coenagrion
armatum (kabedzki et al. 1999). However, it requires stability of habitat
conditions, and therefore its development in water bodies in sandpits is not very
probable because of their strong astatism. Nevertheless, a potential importance of
sandpits for protection of dragonflies in Poland is considerable: we are witnessing
a distinct fall in the level of ground waters, resulting in a fall in the number of
small water bodies. If this process is not stopped, the secondary habitats may soon
play first fiddle in the protection of the dragonfly fauna of small water bodies.
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