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Raphidioptera and Neuroptern (Ncuropterida) of the canopy in montane, upland and
lowland fir forests of Abies alba Mill, in Poland1

Abstract: The paper presents an analysis of Raphidioptera and Neuroptern material collected during 1993 and
1994 in fir canopies in the following forest types: montane (Beskid Sadecki), upland (Géry Swietokrzyskie)
and lowland (Wysoczyzna Lédzka). The species composition, abundance, dominance structure and ecologi-
cal traits of the communities, and their phenology are discussed. The fauna was compared with that of other
forests (moist pine, mixed and linden-oak-hornbeam) occurring in lowland and upland regions of the coun-
try. Of the 44 species recorded, Coniopteryx pygmaea End. (=C. parthenia NavAs et MARCET) and Conwentzia
pineticoln (END.) were the most abundant. The presence of the montane species Puncha ratzeburgi Brav.,
Hemerobius contumnx TJED., Symphcrobius pellucidus (WALK.), Nollwchrysa capitata (Fasr.), Ninetn pallida
(SCHN.) and Peyeriuihoffina gracilis (SCHN.) was a characteristic feature of the fir forest fauna when compared
with that of the other woodlands. Two of these species, H. contumax and S. pellucidus, were the most con-
stant and abundant. Dichochrysa abdominalis (Br au.), was a species new to the fauna of Poland.
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INTRODUCTION

Silver fir (Abies alba M ill.) is a European montane tree species growing at 400-
2100 m a.s.l. Its ranges fragmentarily from the Carpathians to the Pyrenees, reaching
Calabria in the south (38°N) and central Poland in the north (52°N) (Fig. 1). In Poland,
A. alba finds the north-eastern range limit of its natural range. It crosses Nizina Slaska
(Silesian Lowland), the northern part of Wyzyny Srodkowe (Central Uplands), Nizina
Mazowiecko-Podlaska (Mazovian-Podlasie Lowland), Roztocze (Roztocze Upland)

1The study was sponsored by the grant No P04F 05719 from the State Committee for Scientific Research.
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and Bieszczady Zachodnie (Western Bieszczady Mts) (Fig. 2). The northernmost
isolated sites of this species are in Puszcza Bialowieska (Biatowieza Forest) in Poland

and in Normandy in France (BORATYNsKI 1983).

In Poland, at present the fir woodlands take up to about 3% of the total, the
distribution being highly patchy. The main centre of A. alba distribution in Poland lies
in the Carpathians, especially in the mountains of Beskid Niski, Bekid Sadecki and
Bieszczady. In the uplands, fir frequently occurs only in Géry Swictokrzyskie

Fig. 1. Range of Abies alba M ill, (from Boratyaski 1983).

Fig. 2. Situation of the study areas: A - Beskid Sadecki Mts, B -
Swietokrzyskie Mts, C - Wysoczyzna Lédzka; 1 - lowlands, 2 -
uplands, 3 - mountains, 4 - limit of natural range Abies alba M1LL,
(from SZAFER 1977).

(Swietokrzyskie Mts) and in
Roztocze Srodkowe (Central
Roztocze Upland). In lowland
Poland, fir is fairly rare. The
few sites at which fir finds
favourable conditions include
Puszcza Kozienicka (Kozienice
Forest) and some forest
reserves in Wysoczyzna
Lodzka (Lodz Eminence)
(BORATYNSKI 1983).

The species A. alba is cha-
racterised by considerable eco-
logical tolerance, which is
shown by its presence in various
forest associations. Its optimum
environmental conditions lie in
the mountains, in the lower
forest zone, where it grows
together with beech (Fagus
sylvatica) and spruce (Picea alba).
Beech-fir (Dentario glandulosae-
Fagetum) and fir-spruce forests
(Abieti-Piceetum montanum) are
associations characteristic of this
zone. A mixed fir forest, Abie-
tetum polonicum, is a forest
association endemic to Poland.
The range of this community is
restricted to uplands and
Pogodrze Karpackie (Carpathian
Foothills). In the lowlands, the
linden-oak-hornbeam forest
(Tilio-Carpinetum) forms an asso-

ciation, where fir is occasionally
the dominant component (WOJ-
1983)
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The proportion of fir in European woodlands has been decreasing for about 200
years. This has been brought about by many unfavourable, natural and man-induced,
factors. Excessive exploitation and a decrease in the biological resistance of fir have
contributed to the regress of the species. Fir is sensitive to industrial pollution and to
adverse weather conditions. Weakened trees are invaded by various primary and
secondary pests (BERNADZKI 1983, G adek 1993).

Of phytophages feeding in fir canopies, lepidopterans and aphids pose the greatest
threat. In Poland, the most serious damage is caused by Choristoneura murinana H BN .,
Epinotia nigricana H.-S. and Zeiraphera rufimitrana H.-S. (Tortricidae, Microlepidoptera).
Of the dozen or so aphid species living on A. alba, economically the most important
are representatives of the genus Adelges VALLOT, subgenus Dreyfusia BORN., which
migrate from spruce to fir or reproduce parthenogenetically on fir all year round
(BLACKMAN & EAsToP 1994). In Poland, the abundance of Adelges (Dreyfusia) nordman-
niane (EXSTEIN) (= nuesslini C.B.) on fir keeps growing; the increase is alarming be-
cause this species damages needles and young shoots (GADEK 1993).

OBJECTIVES

The fact that, in Poland, fir woodlands are decreasing justifies research into their
entomofauna both in the cognitive and practical aspects. Threat to fir means that a
whole complex of insects associated with this tree species is endangered, a complex
still unknown in many respects. Neuropterids are one of the least studied groups. In
Poland, there are 100 neuropterid species recorded, most of which live in forest,
mainly in the tree canopies and shrubs. These predatory insects feed on various small
arthropods, especially phytophages. As their prey they prefer different developmental
stages of Hemiptera (Aphidinea, Coccinea, Auchenorrhyncha, Aleyrodoidea, Psylloidea),
Thysanoptera, Psocoptera, Lepidoptera (Tortricidae, Pyralidae, Noctuidae, Pieridae), Coleop-
tera and Acari (KILLINGTON 1936, PRINCIPI & CANARD 1984, NEwW 1986, STELZL 1991,
BOZSIK 2000). Food selection, i.e. preference of phytophages from a definite species of
tree, shrub or herb, is very common in neuropterids. Trophic relations between par-
ticular neuropterid species and their prey, and also their habitat requirements, are
expressed as associations with particular types of vegetation.

Papers describing quantitative relations of the Neuropterida of well defined habitat
and (or) a tree species are not numerous (REsSSL 1971 a, b, 1974, GEpp 1973, BERNDT
1984, CzecHowskA 1985, 1986, 1990, 1994, 1995, 1997, BARNARD et al. 1986, SAURE &
KIELHORN 1993, MONSERRAT & MARIN 1992, 1994, 1996, W ERSTAK 1994, SCHUBERT &
GRUPPE 1999).

In the literature on neuropterids, species collected on Abies are mentioned by
ASPOCK et al. (1980, 1991) as well as in numerous faunistic studies, e.g. by EGLIN 1940,
EGLIN-DEDERDING 1955, ZELENY 1963, REssL 1971a, b, 1974, Gepp 1977, 1989, Poprov
1981, PANTALEONI 1990, CANARD & VANNIER 1992, MONSERRAT & M ARIN 1994, 1996
(see also the reference lists in ASPOCK et al. 1980, 1991, 2001). However, there is no
comprehensive description of the neuropterid fauna in particular forest associations
with 4. alba.
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The aims of the present study were:

- to characterise and compare the neuropterid communities of the canopies of fir in
montane, upland and lowland forests in respect of species composition, dominance
structure and abundance;

- to describe the seasonal dynamics of neuropterids in fir canopies;

- to characterise the ecological profile of neuropterids of fir canopies;
to compare the neuropterid faunas of fir forests and of other lowland- upland
woodlands;
to determine the role and impact of neuropterids in maintaining the ecological
equilibrium in forest associations containing fir.

STUDY AREA

The material was collected during 1993 and 1994 in Beskid Sadecki, Gory Swicto-
krzyskie and Wysoczyzna £ddzka2 These regions, situated within the natural range of
fir, differ in respect of the climatic conditions, the proportion of fir in woodlands, and
the health of the tree species.

Beskid Sadecki. A mountain range in the western part of Carpathians (Fig. 2).
Mean temperature in January: -5.24°C, in July: +16.32°C, mean annual precipitation
922 mm. Fir covers about 35% of the woodland area of this region and is very
healthy3. The material was collected in forests at 700-800 m a.s.l., in forest district
Kopciowa. In the phytosociological respect, these forests belong to the association of
Carpathian beech (Dentario glandulosae-Fagetum). Captures were made in three plots
with 9 traps each (see "Methods and material") during two seasons.

Plot 1. Divisions lc and 2a, 95-100-year old stand mainly consisting of fir with
some spruce (Picea alba), southern exposition.

Plot II. Division 17, 55-75-year old stand with predominant fir, spruce fairly nu-
merous at places, and some larch (Larix decidua) and pine (Pinus sylvestris) here and
there, southern exposition.

Plot III. Divisions 18fand 19f, 125-year old fir growth, eastern exposition.

Goéry Swietokrzyskie. An ancient mountain range in Wyzyna Malopolska (Mato-
polska Upland) (Fig. 2). Mean temperature in January: -4.10°C, in July: +18.20°C,
mean annual precipitation 639 mm. Fir still constitutes about 20% of the tree stand,
but its health is poor. Due to unfavourable weather conditions (hurricanes, drought,
frost) and air pollution, the natural resistance of the species is being deteriorated and
fir forest becomes susceptible to attacks by insect and fungal pests. Between 1948 and
1991, more or less devastating outbreaks of tortricid lepidopterans took place (G adek
1993). As a result, the originally dense tree stands have become thinner, and the can-
opy shape has become abnormal.

2 Collected by Dr. Janusz Sawoniewicz, who conducted studies on /chneumonidae of fit canopies in the
frame of the grant No 66339 91 02 from the State Committee for Scientific Research.
3 Climatic date and the proportion of fir in woodlands of a given region are after TRAMPLER et al. 1990.
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The material was collected at 300-450 m a.s.l. in mixed fir forest (dbietetum poloni-
cum). In this association, occasionally there also occur the following species: Fagus
sylvatica, Quercus robur, Q. sessilis, Populus tremula, Alnus glutinosa, Betula verrucosa,
Finns sylvestris and Picea abies (GLAZEK 1985). Recently, beech has been increasing its
proportion in tree stands of this association in Gory Swietokrzyskie. Nine traps were
set in each of the following three plots. The material from plots Il and III was collected
during both seasons, that from Plot [ only in 1993.

Plot 1. Division 38b near the village of Wola Szczygietkowa, 75-125-year old fir
stand, northern exposition.

Ptot II. Divisions 203a and 204a on the southern slope of Lysa Gora (Lysa Mt.) near
the village of Trzcianka, 80-year old fir stand.

Plot III. Division 196y and 197g at the foot of the eastern slope of Lysa Godra near
Nowa Stupia, 50-80-year old tree stand.

Wysoczyzna Lédzka. A region in Niz Srodkowopolski (lowland area of central Po-
land), 100-200 m. a.s.l. (Fig. 2). Mean temperature in January: -3.50°C, in July:
+18.57°C, mean annual precipitation 542 mm. Forest dominated by pine (Pinus sylves-
tris): nearly 80% of woodland; the proportion of fir is merely 0.2% but the species is
healthy. The material was collected at six plots. Plots I-V represented a linden-oak-
hornbeam forest (Tilio-Carpinetum), Plot VI was a fir forest of the Galio-Abietion
subaliance. Traps were set in larger concentrations of fir.

Plot I. Uroczysko Doliska, division 82d, about 80-year old fir stand; 9 traps through-
out both seasons.

Plot II. Uroczysko Zimna Woda, division 129d, about 60-year old fir stand with some
pine (Pinus sylvestris) and oak (Quercus sp.); 3 traps in 1993.

Plot II. Uroczysko Zimna Woda, division 140f, about 60-year old stand with pine
dominating and fir an additional component; 3 traps in 1993.

Plot IV. Uroczysko Doliska, division 85a, about 80-year old pine-fir stand; 3 traps
throughout both seasons.

Plot V. Uroczysko Zacywilki, division 53f, about 50-year old fir stand; 3 traps
throughout both seasons.

Plot VI. Laznéw Reserve (Brzeziny Forestry Insprectorate), division 333c, 95-130-
year old fir stand; 9 traps in 1993.

For more details of the study areca see NOWAKOWSKA (1996).

METHODS AND MATERIAL

Insects were collected in yellow plastic bowls (height 6 cm, o 18 cm) filled with wa-
ter with a conservant (ethanediol C2H602) and a detergent lessening the surface ten-
sion. Traps, attached to fir canopies at 10- 20 m, were emptied every two weeks from
the beginning of May through October. For details of the method see SAWONIEWICZ
(1996).

Altogether, 5,710 neuropterid adults were collected, including 152 individuals of
Raphidioptera and 5548 of Neuroptera. The relative abundance of particular species and
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of particular communities is expressed using an index which reflects the number of
individuals captured in one trap during 100 days.

The frequency (F) of a given species was evaluated by the percentage of the sites at
which it was recorded against the total number of the study sites. The degree of fre-
quency was determined using Tischler's scale (Trojan 1975), in which species with
100-76% frequency are considered as constant, 75-51% as relatively constant, 50-26%
as accessory, and below 25% as accidental.

An analysis of the dominance structure of the communities yielded four classes of spe-
cies: eudominants (>15%), dominants (5.1-15%), subdominants (1.1-5%), and accessory
species (<1.0%). The similarity of species composition (So) of the communities compared
was determined using SORENSEN's (1948) similarity coefficient. The similarity of dominance
structure (Mo) was determined by Morisita's index as modified by HORN (1966).

RESULTS

Species composition, structure and abundance

The material comprised 44 species of both Raphidioptera and Neuroptera
(=Planipennia). Raphidioptera were represented by the families Raphidiidae (5 species)
and [Inocelliidae (1 species); Neuroptera by Hemerobiidae (18 species), Chrysopidae (14
species) and Coniopterygidae (6 species). The abundances and proportions of the above
taxa in the neuropterid communities from particular regions are given in Table L. The
material was quantitatively dominated by Neuroptera individuals, and within these by
representatives of the family Coniopterygidae. They were especially numerous in the
montane forests in which their proportions in the communities reached 73%.
Chrysopidae, on the other hand, showed about 2-3 times higher percentages in the
communities from upland or lowland forests than in montane stands. The proportions
of Raphidioptera, generally small, were relatively high in the lower regions. The most
similar proportions were those of Hemerobiidae, ranging between 16 and 24%
everywhere. The characteristics of the neuropterid communities in the fir forests of the
regions studied are given below.

Table I. Number of species (N), index of abundance (n) and proportions (%) of particular taxa of
Neuropterida in the material collected in fir canopies in the forests of the different regions studied.

Geographical zones Mountains Uplands Lowlands Total
Regions Beskid Sadecki Gory Swietokrzyskie Wysoczyzna Lédzka
Taxa N n % N n % N n % N n %
Raphidioptera 2 0.09 0.30 4 0.52 2.47 6 222 746 6 0.94  3.53
Raphidiidae 2 009 030 3 049 234 s 220 739 s 093 3.47
Inocelliidae - - - 1 0.03 0.13 1 0.02  0.07 1 0.02 0.06
Neuroptera 26 29.19  99.70 32 20.51 97.53 30 27.56 92.54 38 25.75  96.47
Coniopterygidae 3 21.42 73.16 4 9.10 43.28 ¢ 16.58 55.67 6 15.70 58.81
Hemerobiidae 14 459 1568 14 4.99 2373 12 532 17.86 18 4.96 18.60
Chrysopidae 9 3.18 1086 14 6.42 3052 12 566 19.01 14 5.09 19.06

Total 28 29.28 100.00 36 21.03 100.00 36 29.78 100.00 44 26.69 100.00
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Beskid Sadecki. A total of 28 species was recorded, with 21 or 22 species at each
particular plot. The abundance index of the communities ranged between 22.2 and
36.9, mean 29.3. The communities from particular plots had very similar species com-
positions (16 shared species) and dominance structures. An extremely high proportion
(ca 70%) of Coniopteryx pygmaea (syn. C. parthenia N AVAs et M ARCET) was characteristic
(Table II, Fig. 3). Hemerobius contumax was the dominant. A large group of subdomi-
nants included Wesmaelius concinnus, W. quadrifasciatus., Hemerobius stigma, Sym-
pherobius pellucidus, Nothochrysa capitata, Clirysopa pallens and Peyerimhoffina gracilis.
Within the group of 19 accessory species, Parasemidalis fuscipennis, Hemerobius humu-
linus, Nineta flava and Cunctochrysa albolineata were the most abundant.

Table II. Number of individuals (S), index of abundance (n) and proportions (%) of particular species of

Neuropterida in the forests of Beskid Sadecki.

Plots I 11 1 Total

No Species S n % S n % s n % S n %

1 Phaeosligma notata 1 0.04 014 3 011 030 1 004 0.18 5 0.06 0.22
2 Puiiclm ratzeburgi 1 0.04 0.14 1 0.04 011 - - -2 0.03 0.09
3 Coniopteryx pygtnaea 561 20.23 7041 771 27.42 7431 422 15.68 70.66 1754 21.11 72.10
4  Parcisemidalis fuscipennis 9 033 115 2 007 0.19 9 034 153 20 0.25 0.84
5 Comoentzia pinelicola 4 0.14 049 1 0.04 0.1 - - - 5 0.06 0.20
6 Drepanepleryx algida - - - - - -1 0.04 0.18 1 0.01  0.05
7 Wesmaelius concinnus 9 0.33 1.15 13 047 127 6 023 1.04 28 034 1.17
8 Wesmaelius quadrifasciatus 5 0.18 0.63 15 0.54 1.46 18 0.69 3.1 38 0.47 1.61
9 Wesmaelius subnebulosus - - - - - - 1 0.04 0.18 1 0.01  0.05
10 Wesmaelius mortoni 2 0.08 0.28 - - - - - -2 0.03  0.09
11 Hemerobius luimulinus 3 0.11 0.38 11 040 1.08 3 0.11 050 17 021 071
12 Hemerobius stigma 20 0.73 2.54 24 086 233 12 0.46 2.07 56 0.68 233
13 Hemerobius pini 2 0.07 024 1 004 011 1 0.04 0.18 4 0.05 0.17
14 Hemerobius contumax 48 1.70 592 89 314 851 34 1.28 5.77 171 2.04 697
15 Hemerobius atrifrons 5 0.19 0.66 2 0.07 019 1 0.04 0.18 8 0.10 0.34
16 Hemerobius nitidulus 1 0.04 0.14 - - - 1 0.04 0.18 2 0.03  0.09
17 Hemerobius micans - - - - - -2 0.08 036 2 0.03  0.09
18 Sympherobiusfuscescens - - - 1 0.04 011 - - -1 0.01  0.05
19 Sympherobius pellucidus 10 036 125 24 084 228 14 053 239 48 0.58 197
20 Nothochrysa capitata 41 149 5.19 31 1.10 298 26 1.00 451 98 1.20 4.09
21 Ninetaflava 11 040 139 7 025 0.68 4 0.16 0.72 22 0.27  0.92
22 Nineta vittata - - - 3 011 030 1 0.04 0.18 4 0.05 0.17
23 Nineta pallida - - - 3 011 030 1 0.04 0.18 4 0.05  0.17
24 Chrysopa pallens 30 1.10 3.83 15 054 146 13 051 230 58 0.72 245
25 Dichochrysa ventralis 1 0.04 0.14 - - - - - - 1 0.01  0.05
26 Peyerimhoffina gracilis 20 0.72 251 18 064 173 17 0.64 2.88 55 0.67 2.28
27 Chrysoperla carnea s.1 1 0.04 0.14 - - - - - - 1 0.01 0.05
28 Cunctochrysa albolineata 10 037 129 2 0.07 0.19 4 0.16 0.72 16 0.20 0.68

Total 795 28.73 100.00 1037 36.90 100.00 592 22.19 100.00 2424 29.28 100.00

Number of species 22 21 22 28



38

W. Czechowska

Gory Swietokrzyskie. A total of 36 species was recorded, with 12 to 32 species at

each particular plot. The abundance index of the communities ranged between 10.0 and
28.5, mean 21.0 (Table III).

Table III. Number of individuals (S), index of abundance (n) and proportions (%) of particular species of

Neuropterida in the forests of Géry Swigtokrzyskie.
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Plots
Species
Phaeostigma notata
Dichrostigma flavipes
Puncha ratzeburgi
Inocellia crassicornis
Conioptcryx tineiformis
Conioptcryx pygmaea
Parasemidalisfuscipen nis
Conwentzia pineticola
Drepanepteryx phalaenoides
Drepanepteryx algida
Wesmaelius concinnus
Wesmaelius quadrifasciatus
Wesmaelius nervosus
Wesmaelius ravus
Hemerobius huimdinus
Hemerobius stigma
Hemerobius pini
Hemerobius contumax
Hemerobius atrifrons
Hemerobius nitidulus
Hemerobius micans
Sympherobius pellucidus
Nothochrysa fulviceps
Nothochrysa capitata
Ninetaflava
Nineta vittata
Nineta pallida
Chrysotropia ciliata
Chrysopa pallens
Dichochrysaflavifrons
Dichochrysa prasina
Didlochrysa abdominalis
Dichochrysa ventralis
Peyerimhoffina gracilis
Chrysoperla carnea sd.

Cunctochrysa albolineata

Number of species

54
15
26

1
12

Total 132

I
n %
0.23 230
4.09 40.90
1.14 11.40
1.97 19.70
0.08 0.80
0.15 1.50
030 3.00
0.83 830
0.15 1.50
0.08 0.80
0.08 0.80
091  9.00
10.01 100.00
12

69
12
111

— B W W

95

21
25

1

40
20

63
639

n
n %
0.07 0.28
0.04 0.16
0.24 0.97
2.68 10.85
0.45 1.82
4.03 16.32
020 0.81
0.04 0.16
0.12  0.49
0.16  0.65
0.04 0.16
0.32 1.30
1.98  8.02
0.04 0.16
2.28 9.23
012 0.49
0.04  0.16
0.04 0.16
3.61 14.62
083  3.36
099 4.01
020 0.81
0.04 0.16
0.43 1.74
0.32 1.30
0.04 0.16
020 0.81
1.57 6.36
0.80 3.24
028 1.13
2.49 10.09
24.69 100.00
31

16
12

74

233

[ N )

—

18

51

34

23
17

10

59
10

20
45
688

m
n
0.64
0.50
0.04
0.04
0.22
3.04
0.24
9.20
0.13
0.09
0.18
0.22
0.04
0.13
0.78
2.17
0.26
0.05
1.43
0.13
0.97
0.72
0.26
0.04
0.43
0.30
0.26
2.52
0.41
0.21
0.87
1.93

%
2.25
1.76
0.14
0.14
0.77

10.69
0.84
32.34
0.46
0.32
0.63
0.77
0.14
0.46
2.74
7.63
0.91
0.18
5.03
0.46
341
2.53
0.91
0.14
1.51
1.05
0.91
8.86
1.44
0.74
3.06
6.78

28.45 100.00 1459

32

Total
n %
0.31 1.47
0.17 0.81
0.01 0.05
0.03 0.14
0.15 0.71
3.27 15.55
0.61 2.90
5.07 24.10
0.11 0.52
0.04 0.19
0.10 0.48
0.13 0.62
0.01 0.05
0.01 0.05
0.18 0.86
0.92 4.37
0.01 0.05
1.53 7.28
0.13 0.62
0.01 0.05
0.03 0.14
1.78 8.46
0.04 0.19
0.88 4.18
0.57 2.71
0.07 0.33
0.15 0.71
0.16 0.76
0.25 1.19
0.11 0.52
0.15 0.71
1.39 6.61
0.43 2.04
0.37 1.76
0.38 1.81
1.47 7.00

21.03 100.00
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The communities from plots II and III, situated on the southern and eastern slope
of Lysa Gora, respectively, had a rich species composition and high abundance indi-
ces. Conwentzia pineticola was the eudominant, Coniopteryx pygmaea, Hemerobins con-
tumax, Sympherobius pellucidus, Dichochrysa abdominalis and Cunctochrysa albolineata
were dominants. The community from Plot I was the least abundant and showed the
poorest species composition. This may have been due to the situation of the plot on
the northern, therefore colder, slope of Lysa Goéra. Moreover, a shorter (one season)
collecting period may have been another factor of some impact.

The community from Plot I also differed from those from the other two plots in
higher proportions of Coniopteryx pygmaea, Parasemidalis fuscipennis, Nothochrysa
capitata and Peyerimhoffina gracilis (Table III). In the entire material collected in this
region, Conwentzia pineticola and Coniopteryx pygmaea were the most abundantly
represented species. Sympherobius pellucidus, Dichochrysa abdominalis, Hemerobius
contumax and Cunctochrysa albolineata, which made the group of dominants, had fairly
high proportions, too (6.6-8.5%). The group of subdominants was very numerous and
it included Phaeostigma notata, Parasemidalis fuscipennis, Hemerobius stigma, Nothochrysa
capitata, Nineta flava, Chrysopa pallens, Dichochrysa ventralis, Peyerimhoffina gracilis and
Chrysoperla carnea sd. The accessory component consisted of 21 species; of these,
Dichrostigma flavipes, Coniopteryx tineiformis, Hemerobius humulinus, Nineta pallida,
Chrysotropia ciliata and Dichochrysa prasina were the most abundant.

In comparison with the neuropterid fauna of the forests in Beskid Sadecki, that of the
fir forests in this region was characterised by a greater species richness. The proportion
and abundance of Coniopteryx pygmaea were considerably lower at the expense of such
species as Conwentzia pineticola, Sympherobius pellucidus, Cunctochrysa albolineata (Tables
II, III, V; Fig. 3). Of the species unrecorded from the woodlands of Beskid Sadecki but
present there, Dichochrysa abdominalis stood out because of its considerable abundance.

Wysoczyzna Lédzka. A total of 36 species were recorded; from 14 to 27 at each
particular plot. The abundance of the communities was generally high, the index values
ranged between 18.8 and 38.7, mean 29.8 (Table IV). Coniopteryx pygmaea was the
eudominant (39-69.4%) at almost all plots (except Plot IV). Other species with high
proportions were: Conwentzia pineticola, Hemerobius stigma, Dichrostigma flavipes,
Dichochn/sa prasina, Sympherobius pellucidus, Chrysoperla carnea s.L, Hemerobius contumax,
Dichochrysa abdominalis, Parasemidalis fuscipennis, Peyerimhoffina gracilis, Phaeostigma notata
and Cunctochrysa albolineata. In the dominance structures of particular communities, they
generally occupied the positions of dominants or subdominants. A different situation was
only observed at Plot IV (in the forest patch studied, fir co-occurred with pine), where
Hemerobius stigma was the eudominant. Of the 22 accessory species, Hemerobius humulinus,
Dichochrysaflavifrons and Dichochrysa ventralis were fairly numerous.

When the neuropterid fauna of the fir forests in Gory Swigtokrzyskie was compared
with that of Wysoczyzna Lodzka, it showed much higher abundance and proportion of
Coniopteryx pygmaea, and a higher abundance of Dichrostigma flavipes, Hemerobius stigma,
Dichochrysa prasina and Chrysoperla carnea s.l. However, the abundances and percentages
of Conwentzia pineticola, Hemerobius contumax, Sympherobius pellucidus, Nothochrysa capi-
tata and Dichochrysa abdominalis were lower (Tables III, IV, V; Fig. 3).



Table IV. Number of individuals (S), index of abundance (n) and proportions (%) of particular species of Neuropterida in the forests of Wysoczyzna Lodzka.

Plots T I I v v VI Total

No Species S n % S n % S n % s n % S n % S n % S n %
1 Phaeostigma notatn 5 0.23 0.79 3 0.62 2.26 - - - 2 0.24 0.62 17 1.93 588 6 0.40 2.13 33 0.57 1.91
2 Dichrostigmaflavipes 23 0.95 3.28 15 3.09 11.28 17 3.62 11.32 13 1.56 4.04 - - - 4 0.26 1.38 72 1.58 5.31
3 Xanthostigma xanthostigma - - . - - - - - 1 0.12 031 - - - - - - 1 0.02 0.07
4 Raphidia ophiopsis ophiopsis - - - - - - - - - - - - 1 0.11 0.33 - - - 1 0.02 0.07
5 Puncha ratzeburgi - - - - - - - - - - - - - - - 1 0.07 037 1 0.01 0.03
6 Inocellia crassicornis - - - - - - - - - 1 0.12 031 - - - - - - 1 0.02 0.07
7 Coniopteryx tineiformis - - - - - - 1 0.21 0.66 - - - - - - - - - 1 0.04 0.13
8 Coniopteryx pygmaea 262 11.70 40.39 53 10.90 39.80 104 22.17 69.35 36 4.30 11.15 115 1295 39.43 186 12.30 65.46 756 12.39  41.61
9 Parasemidnlis fuscipennis 4 0.14 0.48 2 0.41 150 3 0.64 2.00 3 0.37 096 1 0.11 0.33 32 2.12 11.28 45 0.63 2.12
10 Semidalis aleyrodiformis 7 0.25  0.86 - - -2 0.43 135 - - - - - - - - -9 0.11 0.37
11 Coniventzia psociformis 1 0.04 0.14 - - - - - - - - - - - - - - - 1 0.01 0.03
12 Conwentzia pineticola 49 1.75 6.04 28 5.76 21.03 7 1.49 4.65 12 1.46 3.79 85 9.62 29.29 5 0.33 1.76 186 3.40 11.42
13 Drepanepteryx phalaenoides - - - - - - - - - - - - 3 0.33 1.00 - - -3 0.06 0.20
14 Wesniaelius concinnus 5 0.24 0.83 - - - - - - 13 1.54 3.99 10 1.08 329 1 0.07 0.37 29 0.49 1.64
15 Wesmaelius quadrifasciatus - - - - - - - - -5 0.59 1.53 - - - - - -5 0.10 0.33
16 Hemerobius humulinus 11 0.52 1.79 1 0.21 0.77 - - - 4 0.48 1.24 2 0.23 0.70 - - - 18 0.24 0.81
17 Hemerobius stigma 18 0.87 3.00 - - - 1 0.21 0.66 66 7.81 20.25 14 1.52 4.63 4 0.26 1.38 103 1.78 5.98
18 Hemerobius pini 1 0.05 0.17 1 0.21 0.77 - - -2 0.24 0.62 - - - - - - 4 0.08 0.27
19 Hemerobius contumax 33 1.45 5.01 2 0.41 1.50 2 0.43 1.35 18 2.14 555 8 0.87 2.65 12 0.79 4.20 75 1.02 3.43
20 Hemerobius atrifrons - - - - - - - - - 4 0.48 1.24 - - - - - - 4 0.08 0.27
21 Hemerobius nitidulus 1 0.05 0.17 - - - - - - 1 0.12 031 - - - - - -2 0.03 0.10
22 Hemerobius micans 1 0.05 0.17 - - - - - - - - - - - - - - - 1 0.01 0.03
23 Sympherobius elegans - - -1 0.21 0.77 - - - 1 0.12 031 - - - - - - 2 0.06 0.20
24 Sympherobius pellucidus 56 2.65 9.15 9 1.85 6.75 1 021 0.66 19 2.26 5.86 9 0.99  3.01 4 0.26 1.38 98 1.37 4.60
25 Nothochrysn capitata 5 0.26 0.90 - - - - - - - - -2 0.22 0.67 3 0.20 1.06 10 0.11 0.37
26 Ninctaﬂava 11 0.56 1.93 - - - - - - 2 0.24 0.62 - - - - - - 13 0.13 0.44
27 Nincta vittata 1 0.05 0.17 - - - - - - - - - - - - - - - 1 0.01 0.03
28 Nincta pallida 4 0.16 0.55 - - - - - - 3 0.36 093 1 0.11 033 2 0.13 0.69 10 0.13 0.44
29 Chrysopa pallens 8 0.41 142 1 0.21 0.77 - - -2 0.24  0.62 1 0.11 033 - - - 12 0.16 0.54
30 Dichochrysaftavifrons 2 0.09 031 1 0.21 0.77 3 0.64 200 4 0.48 124 2 0.23 0.70 1 0.07 037 13 0.29 0.97
31 Dichochrysa prasina 49 238 822 3 0.62 226 2 0.43 135 44 523 13.56 4 0.44 134 1 0.07  0.37 103 1.56 5.24
32 Diclwchrysa abdominalis 20 097 3.34 - - -2 0.43 135 25 297 770 3 0.33 1.00 - - - 50 0.75 2.52
33 Dichochrysa ventralis 6 0.24  0.83 1 021 0.77 1 021 0.66 5 0.60  1.56 - - - - - 13 0.21 0.71
34 Peyerimhoffina gracilis 5 0.19  0.66 2 0.41 1.50 4 0.85 2.66 1 0.12 031 5 0.46 1.40 21 1.39  7.40 38 0.57 1.91
35 Clnysoperla carnea s.1. 46 2.34 8.08 9 1.85 6.75 - - - 25 2.96 7.67 8 0.87 2.65 - - - 88 1.34 4.50
36 Cunctochrysa albolineata 8 038 131 1 021 0.77 - - - 12 142 368 3 033 1.00 1 0.07  0.37 25 0.40 1.34
Total 642 28.97 100.00 133 27.39 100.00 150 31.97 100.00 324 38.57 100.00 294 32.84 100.00 284 18.79 100.00 1827 29.78 100.00

NLinkKSr r\( cuai'iioe 32 1 2 1d 77 in 1A AN
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The neuropterid faunas of montane, upland and lowland fir forests had some spe-

cific regional features as well as certain things in common. Northwards, the species

composition and structure of the communities changed because of the different habi-

tat conditions. The species community of a typical montane woodland was the poorest

(28 species), with a subsequent increase in species richness by 16 species more north-

erly and towards lowlands.

Of the 44 species re-
corded, 24 occurred in all
three regions (Table V).
The neuropterid faunas of
the upland and lowland
forests had the most simi-
lar species compositions,
with 31 species shared
(S0o=86%). A medium rate
of similarity was recorded
for the faunas of the up-
land and montane forests,
with 25 species in com-
mon (So=78%), the lowest,
yet not at all much so, in
the faunas of the montane
and lowland forests, with
24 shared species
(S0=75%). The mean
pairwise similarity of the
faunas compared was
80%. This indicates high
similarity of the species
compositions of neurop-
terids inhabiting the fir
forests.

The dominance struc-
ture of the neuropterid
communities from parti-
cular regions had one
feature in common, i.e.
presence of one or two
species of the family Co-
niopterygidae as  eudo-
minants. The differences
were in the sequence of
species at the farther posi-
tions in the community.

V| Beskid Sadecki
80

rd Goéry Swietokrzyskie

Wysoczyzna Lodzka
454

Fig 3. Mean dominance structures of Neuropterida communities in fir
forests from particular regions.
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Coniopteryx pygmaea predominated in all montane forests, whereas either Coniopteryx
pygmaea or Conzventzia pineticoln in the upland and/or lowland ones. Coniopteryx pyg-
maea, Conzventzia pineticoln, Hemerobius contumax, Sympherobius pellucidus and
Hemerobius stigma were the most abundantly represented lacewings in the entire mate-
rial (>4%, each), also being species shared in the three regions (Table V).

A comparison of the mean dominance structure of neuropterids from particular
regions showed that the communities from the montane and lowland forests were the
most similar in this respect (M0=0.83). A little lower similarity was recorded for the
structures of the communities from the lowland and upland forests (Mo0=0.70),
whereas the similarity of the structures of those from the montane and upland forests
was very low (M0=0.39). The mean value of the Mo index for all pairs of the regions
compared was 0.64.

The species with the highest frequency of occurrence in the fir forests were as fol-
lows: Coniopteryx pygmaea, Parasemidalis fuscipennis, Hemerobius contumax, Sympherobius
pellucidus (F=100%), Phaeostigma notata, Conzventzia pineticoln, Peyerimhoffina gracilis
(F-92%), Hemerobius humulinus, H. stigma and Cunctochrysa albolineata (F=83%). The
fairly constant ones were: Wesmaelius concinnus, Nothochrysa cnpitata, Nineta pallida,
Chrysopa pallens (F=75%), Dichochrysa flavifrons, D. prasina, D. ventralis (F=67%),
Hemerobius pini, Nineta flava, Dichochrysa abdominalis and Chrysoperla carnea sd.
(F=58%).

Frequency is a measure of the presence of a given species in the habitat, independ-
ent of abundance. Species with the highest abundances generally are also the most
common ones, yet this is not always the case. Noteworthy is the high frequency of a
relatively little abundant Parasemidalis fuscipennis which, in this respect, precedes a
much more abundant Conzventzia pineticoln (Table V).

Phenology

Neuropterid adults fell into the traps throughout the season (from May through
October) (Table VI). In the course of the seasonal dynamics, there were two abun-
dance peaks, one in spring and the other in summer. The spring peak (May-June)
was related to the emergence of Raphidioptera and of the first generation of bivoltine
species of the families Coniopterygidae and Hemerobiidae. The summer peak (July-
August) was associated with the emergence of univoltine species (mostly Chrysopi-
dae, some Hemerobiidae) and the second generation of bivoltine species. Towards the
end of August, the number of individuals and species captured decreased rapidly.
Coniopteryx pygmaea, Conzventzia pineticoln, Parasemidalis fuscipennis, Hemerobius hu-
mulinus, H. stigma, H. contumax, Sympherobius pellucidus, Peyerimhoffina gracilis and
Chrysoperla carnea were the longest to be collected during the season (from May to
September or even October). Great abundance fluctuations during particular sea-
sons were recorded for most species, Conzventzia pineticola first of all. The lowest
differences in this respect were reported for Coniopteryx pygmaea, Hemerobius contu-
max and Sympherobius pellucidus.
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Table V. Index of abundance (n), proportions (%) and frequency (F) of particular Ncuropteridn species re-
corded in fir canopies of the forests of tire different regions studied.

Geographical zones  Mountains Uplands Lowlands
Regions Beskid Sadecki Cé;z,zi:::iim- Wfﬂf};z:na Total F
No Species n % n % n % n % (%)
Rapliidiuptera
1 Phaeostigma notnta (Fabr.) 0.06 0.20 0.31 1.47 0.57 1.91 0.313 1.17 92
2 Dichrostigmaflavipes (Stein) - - 0.17 0.81 1.58 531 0.583 2.18 50
3 Xauthostigma xanthostigma (SCHUMM.) - - - - 0.02 0.07  0.007 0.03 8
4 Rapliidia ophiopsis ophiopsis L. - - - - 0.02 0.07  0.007 0.03 8
5  Punclw ratzeburgi (Brau.) 0.03 0.09 0.01 0.05 0.01 0.03 0.017 0.06 33
6 [nocellia cmssicornis (Schumm.) - - 0.03 0.14 0.02 0.07 0.016 0.06 25
Ncuroytera

7 Coniopteryx tineiformis Curt. - - 0.15 0.71 0.04 0.13 0.063 0.24 25
8 Coniopteryx pygmaea End. 21.11 72.10 3.27 15,55  12.39 41.61 12.256 45.92 100
9  Pnrasemidalisfuscipemiis (Reut.) 0.25 0.84 0.61 2.90 0.63 212 0.497 1.86 100
10 Semidalis aleyrodiformis (Steph.) - - - - 0.11 0.37  0.037 0.14 17
11 Comuentzia psocifonnis (Curt.) - - - - 0.01 0.03 0.003 0.01 8
12 Comoentzia pineticola End. 0.06 0.20 5.07 24.10 3.40 11.42 2.843 10.65 92
13 Drepancpteryx phalaenoides L. - - 0.11 0.52 0.06 0.20  0.057 0.21 25
14 Drepancpteryx algida (Erichs.) 0.01 0.05 0.04 0.19 - - 0.017 0.06 25
15 Wesmaelius concinnus (Steph.) 0.34 1.17 0.10 0.48 0.49 1.64 0.309 1.16 75
16  Wesmaelius quadrifasciatus (Reut.) 0.47 1.61 0.13 0.62 0.10 0.33  0.232 0.87 50
17  Wesmaelius nervosus (Fabr.) - - 0.01 0.05 - - 0.003 0.01 8
18 Wesmaelius subnebulosus (Steph.) 0.01 0.05 - - - - 0.003 0.01 8
19  Wesmaelius ravus (W ithycombe) - - 0.01 0.05 - - 0.003 0.01 8
20 Wesmaelius mortoni (M cLachl.) 0.03 0.09 - - - - 0.010 0.04 8
21  Hemcrobius humulinus L 0.21 0.71 0.18 0.86 0.24 0.81 0.209 0.78 83
22 Hemerobius stigma Steph. 0.68 2.33 0.92 4.37 1.78 5.98 1.127 4.22 83
23 Hemcrobius pitii Steph. 0.05 0.17 0.01 0.05 0.08 0.27  0.047 0.18 58
24 Hemerobius contumax Tjed. 2.04 6.97 1.53 7.28 1.02 3.43 1.530 5.73 100
25 Hemerobius atrifron M cLachl. 0.10 0.34 0.13 0.62 0.08 0.27  0.102 « 0.38 50
26 Hemerobius nitidulus Fabr. 0.03 0.09 0.01 0.05 0.03 0.10  0.023 0.09 42
27 Hemerobius micans O liv. 0.03 0.09 0.03 0.14 0.01 0.03 0.023 0.09 33
28 Symphcrobius elegans (Steph.) - - - - 0.06 0.20  0.020 0.07 17
29  Sympherobiusfuscescens (W all.) 0.01 0.05 - - - - 0.003 0.01 8
30 Symphcrobius pellucidus (W alk.) 0.58 1.97 1.78 8.46 1.37 4.60 1.244 4.66 100
31 Nothochrysafidviceps (Steph.) - - 0.04 0.19 - - 0.013 0.05 8
32 Notliochrysa capitata (Fabr.) 1.20 4.09 0.88 4.18 0.11 0.37  0.730 2.74 75
33 Niuetaflava (SCOP.) 0.27 0.92 0.57 2.71 0.13 0.44 0.323 1.22 58
34 Nineta vittata (Wesm.) 0.05 0.17 0.07 0.33 0.01 0.03 0.043 0.16 33
35 Nineta pallida (SCHN.) 0.05 0.17 0.15 0.71 0.13 0.44 0.110 0.41 75
36 Chrysotropia ciliata (WESM.) - - 0.16 0.76 - - 0.053 0.20 17
37 Chrysopa pollens (Ramb.) 0.72 2.45 0.25 1.19 0.16 0.54  0.377 1.41 75
38 Dichochrysaflavifrons (Brau.) - - 0.11 0.52 0.29 0.97  0.133 0.50 67
39  Dichochrysa prasina (Burm.) - - 0.15 0.71 1.56 5.24  0.570 2.14 67
40 Dichochrysa abdominalis (Brau.) - - 1.39 6.61 0.75 2.52 0.713 2.67 58
41 Dichochrysa ventralis (Curt.) 0.01 0.05 0.43 2.04 0.21 0.71 0.217 0.81 67
42 Peyerimhoffina gracilis (Schn.) 0.67 2.28 0.37 1.76 0.57 191 0.537 2.01 92
43  Chrysoperla cornea (Steph.) s.1 0.01 0.05 0.38 1.81 1.34 4.50 0.577 2.16 58
44 Cunctochrysa albolineata (K ill.) 0.20 0.68 1.47 7.00 0.40 1.34 0.690 2.58 83

Total 29.28 100.00 21.03 100.00 29.78 100.00 26.69 100.00
Number of species 28 36 36 44



Table VI. Number of Neuropterida individuals caught in fir canopies of the forests studied in particular months and years (from May to October).

No Species
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Years
' Months
Phaeostigma notata
Dichrostigma flavipes
Xan thostigma xanthostigma
Rapliidia ophiopsis ophiopsis
Puncha ratzeburgi
Inocellia crassicornis
Coniopteryx tineiformis
Coniopteryx pygmaea
Parasemidalis fuscipenrtis
Semidalis aleyrodiformis
Conwentzia psociformis
Conwentzia pineticola
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Wesmaelius concinnus
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Wesmaelius nervosus
Wesmaelius subnebulosus
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Hemerobius humulinus
Hemerobius stigma
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Months
Species
Sympherobius elegans
Sympherobius fuscescens
Sympherobius pellncidus
Nothochrysafulviceps
Nothochrysn capitnta
Ninetaflava
Nineta vittata
Nineta pallida
Chrysotropia ciliata
Chrysopa pallens
Dichochrysaflavifrons
Dichochrysa prasina
Dichochrysa abdominalis
Dichochrysa ventralis
Peyerimhoffina gracilis
Chrysoperla carnea s. 1
Cunctochrysa albolineata
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Ecological characteristics

The neuropterids from the fir forests studied differed in their habitat preferences as
well as in the range of their ecological amplitude (Table VII). Over half of them (25)
were poly-, oligo- or stenotopic forms associated with coniferous woodland (Table
VIII). The total proportion of their individuals was nearly 95% of the mean abundance
of the communities in the montane woodlands, 81% in the upland forests, and 85% in
the lowland ones. Of polytopes, Coniopteryx pygmaea was the most numerous. Among
the species with a lower ecological amplitude, there were a lot of Comuentzia pineticola,
Hemerobius contumax and Sympherobius pellucidus, followed by Nothochrysa capitata and
Dichochrysa abdominalis. In the montane-upland-lowland transect, the abundance
indices of these species took on different values (Table V). As the distance from the
mountains increased the abundances of Hemerobius contumax and Nothochrysa capitata
decreased, quite unlike that of Conwentzia pineticola, the latter species reached a higher
abundance in the upland and lowland forests. Sympherobius pellucidus occurred in all
the regions, but it was most numerous in Goéry Swictokrzyskie, under the conditions
of piedmont climate.

Dichochrysa abdominalis and D. prasina are closely related species which have only
recently been separated (HOLZEL 1998). During the present studies, neither was re-
corded in the mountains, but they co-occurred in the two other regions; Dichochrysa
abdominalis was more abundant in Gory Swictokrzyskie while D. prasina in Wysoc-
zyzna Lodzka. To date, D. abdominalis has only been recorded from a few European
countries and its ecological requirements are poorly known. According to HOLZEL &
WIESER (1999), the species prefers Picea sp. in not too dry habitats. However, the spe-
cies has also been observed abundant on oak, Quercus pubescens (DUELLI 1989). The
present data show that, in comparison with Dichochrysa prasina, D. abdominalis prefers
cooler and more humid habitats.

Neuropterids ecologically associated with deciduous woodland but collected in the
fir forests (13 such species were recorded) constituted less than 8% of the mean abun-
dance of the communities. Cunctochrysa albolineata, Dichochrysa prasina and Nineta
flava, the most abundant of these species, occurred in all the regions, but the greatest
numbers of individuals were collected in Gory Swietokrzyskie and Wysoczyzna
Lodzka where fir co-occurs with deciduous trees.

Chrysoperla carnea s.L, an eurytope with a very wide range of ecological amplitude,
was barely present in Beskid Sadecki but its relatively high proportion was recorded
from the forests in Wysoczyzna £ ddzka where fir co-occurs with oak (Quercus sp.).

Fir forests are first of all populated by neuropterid species whose thermal require-
ments are moderate and whose tolerance of high humidity is quite good. The propor-
tion of more thermophilous species, which was low in the mountains, kept increasing
in the other regions. The abundance of Phaeostigma notata, Comuentzia pineticola,
Parasemidalis fuscipennis, Hemerobius stigma and Sympherobius pellucidus in the upland
and lowland forests was higher than that in the montane ones. Xerophilous neuropter-
ids occurred in the forests only sporadically. Of the species whose presumed habitat
optimum lies in pine forest, individual Xanthostigma xanthostigma, Raphidia ophiopsis
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ophiopsis, Inocellia crassicornis and Hemerobius nitidulus were found while only Wesma-
elius concinnus and Hemerobius stigma were collected on fir more frequently.

Table VII. Ecological classification of Neuropterida species recorded in the forests studied.

No Species Ecological element*

1 Phaeostigma notata (FABR.) Polytope of coniferous forests

2 Diclirostigma flavipes (STEIN) Oligotope of dry coniferous forests and dry grasslands
3 Xanthostigma xanthostigma (SCHUMM.) Stenotope of dry pine forests

4 Raphidia ophiopsis ophiopsis L. Stenotope of dry pine forests

5 Puncha ratzeburgi (BRAU.) Stenotope of dry coniferous forests

6  Inocellia crassicornis (SCHUMM.) Stenotope of dry pine forests

7 Coniopteryx tineiformis CURT. Oligotope of warm deciduous forests

8  Coniopteryx pygmaea END . Polytope of coniferous forests

9 Parasemidalis fuscipennis (REUT.) Oligotope of warm coniferous forests

10 Semidalis aleyrodiformis (STEPH.) Oligotope of warm deciduous forests

11 Conwentzia psocifonnis (CURT.) Oligotope of warm deciduous forests

12 Conwentzia pineticola END . Oligotope of warm coniferous forest

13 Drepanepteryx phalaenoides L. Polytope of deciduous and coniferous forests
14 Drepanepteryx algida (ERICHS.) Stenotope of cold coniferous forests

15 Wesniaelius concinnus (STEPH.) Oligotope of warm coniferous forests

16  Wesniaelius quadrifasciatus (REUT.) Stenotope of cold coniferous forests

17 Wesniaelius nervosus (FABR.) Polytope of deciduous and coniferous forests
18 Wesniaelius subnebulosus (STEPH.) Oligotope of warm deciduous forests

19  Wesniaelius ravus (WITHYCOMBE) Stenotope of dry coniferous forests

20  Wesniaelius niortoni (McLACHL.) Stenotope of dry coniferous forests

21  Hemerobius humulinus L. Polytope of deciduous and coniferous forests
22 Hemerobius stigma STEPH. Polytope of coniferous forests

23 Hemerobius pini STEPH. Stenotope of cold coniferous forests

24 Hemerobius contumax TjED. Stenotope of humid coniferous forests

25  Hemerobius atrifrons M ¢ LACHL. Stenotope of cold coniferous forests

26 Hemerobius nitidulus FABR. Stenotope of dry pine forests

27  Hemerobius micans OLIV. Polytope of deciduous forests

28  Sympherobius elegans (STEPH.) Oligotope warm deciduous forests

29 Sympherobius fuscescens (W aLL.) Stenotope of dry coniferous forests

30 Sympherobius pellucidus (W aLk.) Stenotope of humid coniferous forests

31 Nothochri/sa fulviceps (STEPH.) Stenotope of humid deciduous forests

32 Nothochrysa capitata (FABR.) Stenotope of humid coniferous forests

33 Nineta flava (SCOP.) Polytope of deciduous forests

34  Nineta vittata (WESM.) Polytope of deciduous forests

35  Nineta pallida (SCHN.) Stenotope of humid coniferous forests

36  Chn/sotropia ciliata (WESM.) Stenotope of humid deciduous forests

37  Chrysopa pallens (RamB.) Polytope of deciduous and coniferous forests
38  Diclmchnjsa flavifrons (BRAU.) Oligotope of warm deciduous forests

39 Dichochrysa prasina (BURM.) Oligotope of warm deciduous forest

40 Dichochrysa abdominalis (BRAU.) Oligotope of humid coniferous forests?

41 Dichochrysa ventralis (CURT.) Polytope of deciduous and coniferous forests
42 Peyerimhoffina gracilis (SCHN.) Stenotope humid coniferous forests

43 Chrysoperla carnea (STEPH.) sd. Eurytope (ubiquitous species)

44 Cunctochrysa albolineata (KiLv.) Oligotope of humid deciduous forests

4 Almost all of the mentioned species to more or less extent enters mixed deciduous-coniferous forests.
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Table VIII. Proportions of particular ecological elements in the Ncuropterida communities in fir canopies of
the forests studied (N - number of species, n - index of abundance, %- proportions).

Geographical zones Mountains Uplands Lowlands
Resi Beskid Géry Wysoczyzna Total
n .
eglons Sadecki Swietokrzyskie Lodzka
Elements N % n % N % n % N % n % N % n %

Polytopes of coniferous 5 1075165 746 3 83 4.50 214 3 83 1474 49.4 3 6.8 13.70 51.3
forests
Oligotopes of coniferous

forests

3 107 065 22 5 139 734349 5 139 6.85 230 5 114 494 185

Stenotopes of coniferous
forests

13 46,5 5.27 18.0 13 36.1 5.08 241 13 36.1 3.56 12.0 17 38.6 4.63 17.3

Polytopes of deciduous
forests

3 107 035 12 3 83 0.67 32 3 83 0.15 05 3 68 039 15

Oligotopes of deciduous
forests

2 71 021 07 4 111 188 89 7 195 247 83 8 182 152 5.7

Stenotopes of deciduous
forests

- - - -2 56 020 1.0 - - - - 2 4.6 0.07 03

Polytopes of deciduous
and coniferous forests

Eurytopes (=ubiquists) 1 3.6 001 01 1 28 038 18 1 28 134 45 1 2.3 0.58 2.2

3 107 094 32 5 139 098 47 4 111 0.67 23 5 114 086 3.2

Specificity of the neuropterid fauna of fir forest

A. alba is a montane tree species with a highly limited and fragmented range. The
question therefore arises whether the neuropterid fauna of forest associations with fir
differs in any particular way from that of firless forest of lowland-upland Poland. In
order to answer this question, a comparison was made between the neuropterids of fir
forest and of the forest associations characteristic of lowland-upland Poland, i.e. moist
pine, mixed and linden-oak-hornbeam forest (after Czechowska 1997).

As the results show (Tables IX, X), the neuropterid fauna of fir forest was the most
similar to that of moist pine woodland. However, this similarity applies to the species
composition (28 shared species, So=75%) more than to the dominance structure
(M0=0.57). The presence of Coniopteryx pygmaea in the group of dominants was a sig-
nificant shared feature in the structure of the faunas of pine woodland and fir forest.
Significant differences in the structures compared apply to the percentage of Raphidi-
optera, whose proportion in fir forest was minimal (3.5%), whereas in pine woodland it
reached nearly 25% (Table IX).

The presence of montane species (Puncha ratzeburgi, Hemerobius contumax,
Sympherobius pellucidus, Nothochrysa capitata, Nineta pallida and Peyerimhoffina gracilis)
was a peculiar trait of the fir forest fauna. The proportion of their individuals in the
entire material was 15.6%, and in the material from particular regions it ranged from
11 to 23% (Tables II, I, IV, V). Hemerobius contumax and Sympherobius pellucidus
showed the greatest shares (ca 5-6%) and the greatest frequency (F=100%) in all fir
forests combined (Table V). Nothochrysa capitata and Peyerimhoffina gracilis, too, were
characterised by great constancy (75-92%) and considerable share (ca 2-3%). Of the
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other two species, Nineta pallida (75%) was more constant than Puncha ratzeburgi (33%),
but in respect of proportion (<1%) both species represented an accessory element in
the fauna of fir canopies.

All of these montane species have a small range with the centre in Central Europe.
The distribution of their sites is largely in line with that of the mountain ranges; only
in the northern parts of their territory do they occur in lowlands. In the west of
Europe, these species do not occur beyond the Pyrenees, and in the east beyond the
Carpathians. The northernmost records of some of them are in the British Isles and in
the south of Norway, Sweden and Finland. In the south of Europe, they reach the
southernmost parts of Greece and Italy. Outside Europe, isolated records of some of
these species lie in the Caucasus, in the mountains of Asia Minor and in north-eastern
Africa (ASPOCK et al. 1980, 2001). W ithin their range, these insects are mostly captured
on conifers (Picea, Abies, Pinus), but some on deciduous trees as well.

Table IX. Occurrence of particular species of Neuropterida in fir forest, moist pine forest (Peucedano-Pinetum
and Leucobryo-Pinetum), mixed pine forest (Querco roboris-Pinetum) and linden-oak-hornbeam forest (7ilio-
Carpinetum); n - index of abundance, % - proportions, + - <0. 01, *- date by CZECHOWSKA (1997)).

Linden-oak-
Moist pine  Mixed pine hornbeam

Forest types Fir forest forest* forest* forest*

No Species n % n % n % n %

1 Phaeostigma notata (FABRICIUS, 1781) 0.31 1.2 0.50 3.50 1.42 3.5 0.16 0.4
2 Phaeostigma major (BURMEISTER, 1839) m . . - - - 0.04 0.1
3 Diclirostigmaflavipes (STEIN, 1863) 0.58 2.2 0.10  0.69 - - - -
4 Xantlwstigma xanthostigma (SCHUMMEL, 1832) 0.01 0.0 241  16.66 0.35 0.9 + +
5 Raphidia ophiopsis ophiopsis LINNAEUS, 1758 0.01 0.0 039 2.70  0.05 0.1 - -
6 Puncha ratzeburgi (BRAUER, 1876) 0.02 0.1 - - - - - -
7 Inocellia crassicornis (SCHUMMEL, 1832) 0.02 0.1 0.19 1.31 0.02 0.1 _ —
8 Aleuropteryx loewii KLAPALEK, 1894 0.07 0.48  0.04 0.1

9 Coniopteryx tinciformis CURTIS, 1834 0.06 0.2 - - - - 0.14 0.4
10 Coniopteryx borealis TIEDER, 1930 - - - - - - 0.02 0.1
11 Coniopteryx pygmaea ENDERLEIN, 1906 12.26 45.92 2.77 19.14 2,01 4.9 0.02 0.1
12 Coniopteryx haematica M c¢L achlan, 1868 - - - - - - 0.05 0.1
13 Parasemidalis fuscipennis (REUTER, 1894) 0.50 1.86 0.37 2.56 0.09 0.2 - -
14 Semidalis aleyrodiformis (STEPHENS, 1836) 0.04 0.14 - - 0.06 0.1 0.02 0.1
15 Conwentzia psociformis (CURTIS, 1834) + + - - 0.04 0.1 0.05 0.1
16 Comuentzia pineticola ENDERLEIN, 1905 2.84 10.65 0.09 0.62 0.16 0.4 - -
17 Drepanepteryx phalaenoides (LINNAEUS, 1758) 0.06  0.21 + +  0.06 0.1  0.04 0.1
18 Drepanepteryx algida (ERICHSON, 1851) 0.02  0.07 - - - - - -
19 Wesmaelius concinnus (STEPHENS, 1836) 0.31 1.16 2.65 18.30 0.27 0.7 0.04 0.1
20 Wesmaelius quadrifasciatus (REUTER, 1894) 0.23  0.87 - - - - 0.08 0.2
21 Wesmaelius nervosus (FABRICIUS, 1793) + + 0.02 0.14 0.08 0.2 0.04 0.1
22 Wesmaelius subnebulosus (STEPHENS, 1836) + + - - - - - -
23 Wesmaelius ravus (WITHYCOMBE, 1923) + + - R . . - -
24 Wesmaelius mortoni M ¢Lachlan, 1899) 0.01 0.04 0.01 0.07 0.04 0.1 - -
25 Hemerobius humulinus LINNAEUS, 1758) 0.21 0.78 0.41 2.80 0.97 2.4 1.04 2.8

26 Hemerobius stigma STEPHENS, 1836 1.13 4.22 1.22 8.43 0.51 1.3 - -
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Table IX (continued).

No Species n % n % n % n %
27 Hemerobius pini STEPHENS, 1836 0.05 0.18  0.03  0.21 0.04 0.1 - -
28 Hemerobius contumax TIEDER,1932 1.53 5.73 - - - - - -
29 Hemerobiusfenestratus T{EDER, 1932 - - 0.01 0.07 - - - -
30 Hemerobius atrifrons MCLACHLAN 1868 0.10 0.38 + + - - 0.07 0.2
31 Hemerobius nitidulus FABRICIUS 1777 0.02  0.09 0.65 4.49 0.39 1 - -
32 Hemerobius micans O LIVIER, 1792 0.02 0.08 0.02 0.14 0.1 0.2 0.16 0.4
33 Hemerobius marginatus STEPHENS, 1836 - - - - - - + +
34 Sympherobius pygmaeus (RAMBUR, 1842) - - - - 0.04 0.1 - -
35 Sympherobius elegans (STEPHENS,1836) 0.02  0.07 - - 0.02 0.1 - -
36 Sympherobius fuscescens (WALLENGREN, 1863) + + 0.02  0.14  0.06 0.1 - -
37 Sympherobius pellucidus (WALKER, 1853) 1.24 4.66 - - - - - -
38 Sympherobius klapnleki ZELENY, 1963 - - - - - - 0.16 0.4
39 Nothochrysafulviceps (STEPHENS, 1836) 0.01 0.05 - - - - - -
40 Nothochrysa capitata (FABRICIUS, 1793) 0.73 2.74 0.04 0.28 - - - -
41 Ninetaflavn (SCOPOLI, 1763) 0.32 1.22 0.07  0.48 0.1 0.2 7.4 19.8
42 Nineta vittata (WESMAEL, 1841) 0.04 0.16 0.04 0.28  0.63 1.6 0.83 2.2
43 Nineta inpunctata (REUTER,1894) - - R - - - 0.04 0.1
44 Nineta pallida (SCHNEIDER, 1846) 0.11 0.41 - - - - - -
45  Chrysotropia ciliata (WESMAEL, 1841) 0.05 0.20 0.02 0.17 0.73 1.8 10.6 28.5
46 Chrysopa perla (LINNAEUS, 1758) - - 0.01 0.07 - - 0.02 0.1
47 Chrysopa dorsalis BURMEISTER, 1839 - - - - 0.04 0.1 - -
48 Chrysopa pallens (RAMBUR, 1838) 0.38 1.41 0.35 2.42 1.15 2.8 0.87 2.3
49  Dichochrysaflavifrons (BRAUER, 1850) 0.13 0.50 - R - - - N
50 Dichochrysa prasina (BURMEISTER, 1839) 0.57  2.14 1.25  8.61 24 58.9  5.46 14.6
51 Dichochrysa abdominalis (BRAUER, 1856) 0.71 2.67 ? ? ? ? ? ?
52 Dichochrysa ventralis (CURTIS, 1834) 0.22 0.81 0.06 0.41 0.46 1.1 0.16 0.4
53 Peyerimhoffina gracilis (SCHNEIDER, 1851) 0.54  2.01 - - - - R R
54 Chrysoperla carnea (STEPHENS, 1836) s.l. 0.58 2.16 0.52 3.59 6.6 16.2 9.24 24.7
55 Cunctochrysa albolineata (KILLINGTON, 1935) 0.69 2.59 0.18 1.24 0.21 0.5 0.6 1.6
Index of total abundance 26.37 100.00 14.47 100.00 40.74 100.00 37.39 100.00
Number of species 44 31 31 28

Table X. Similarities of species composition (%) and similarity of dominance structures between the com-
munities of Neuropterida from the particular types of forests.
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Fir forest 75 69 53 D

Moist pine forest 0.57 84 61 ©
Mixed pine forest 0.18 0.29 61

Linden-oak-hornbeam forest 0.08 0.15 0.45
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The material also contained the following boreco-montane species: Drepanepteryx al-
gida, Wesmaelius quadnfasciatus and Hemerobius atrifrons. These occurred most fre-
quently on trees of the genus Larix.

Role and importance of neuropterids

Nearly 86% of the species recorded from fir canopies, and 97% of the individuals,
belonged to the order Nenroptera. Dominant were small species of the families Coniop-
terygidae and Hemerobiidae living on conifers and usually producing two generations
per season. Due to their short developmental cycle and trophic scale limited to phyto-
phages of conifers, these species may be very effective bioregulators of phytophages
of fir. Various developmental stages of Hemiptera and Acari are their preferred prey.
The abundance of lacewings trophically associated with entomofauna of conifers in
the forest associations varied. The highest abundance was recorded in the montane fir
forests with some other conifers (spruce, pine, larch). The species also reached a high
abundance in the lowland forests where fir co-occurred with pine.

A lower abundance of neuropterids associated with conifers was recorded in the
fir forests in Gory Swietokrzyskie. Due to a considerable loss of fir, habitats with
originally dense stands of Abietetum polonicum have undergone changes favourable for
beech. As a result of the presence of beech, and of other deciduous trees, the neurop-
terid communities in fir canopies here, in comparison with that of a typical montane
fir forest, had a higher proportion of individuals of more polyphagous species, both
those living on conifers and those associated with deciduous trees; the proportion of
forms preferring, or even exclusively associated with, entomofauna of deciduous trees
was higher. Moreover, the percentage of univoltine species of the family Chrysopidae
was higher while that of bivoltine species of the families Coniopterygidae and Hemero-
biidae lower (Table I, V). Bearing in mind the fact that the ecological equilibrium in the
fir forests of this region is greatly disturbed and that the health of fir is poor, the low
abundance of trophically specialised predators is an unfavourable phenomenon. Ac-
cording to Sawoniewicz (pers. comm.), fir twigs which were clipped in order to de-
termine the abundance of tortricid larvae5 were thickly coated with aphids. Very
abundant aphid populations mean that the species has too few natural enemies. This
may lead to further deterioration of the fir tree stands.

CONCLUSIONS

An analysis of the material collected on 4. alba in montane, upland and lowland
forests provided evidence of variability of the neuropterid fauna brought about by
regional and local habitat conditions. Climate is the basic factor affecting the
differentiation of flora and fauna. When exceeding the mountainous areas, fir enters a
zone of warmer and drier climate with less precipitation. Climatic changes and the

5Even during SAWONIEWICZ's (1996) studies, the abundance of tortricid caterpillars was already minimal.

This means that the state of the neuropterid com munities presented in this paper applies to a post-outbreak

period.
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consequent changes in species compositions of forest associations with fir were reflected
in the composition, species richness and structure of the neuropterid communities. The
greatest stability of the species composition and quantitative structures was recorded for
the neuropterid communities from the montane fir forests. The least stable in this
respect were the communities from the lowland forests in which particular patches of
associations with fir covered small areas and the microclimate was very unstable.

In spite of the species range of fir being fragmented into larger or smaller patches,
the neuropterid faunas of the fir forests studied in different regions showed significant
common features. Their core was made up by Coniopteryx pygmaea and Conwentzia
pineticola, both species with a wide geographic distribution and a great ecological ampli-
tude. The presence of Puncha ratzeburgi, Hemerobius contumax, Sympherobius pellucidus,
Nothochrysa capitatn, Nineta pallida and Peyrimhoffina gracilis was a characteristic feature
of the fauna of the fir forests. These species are typical of montane coniferous forest, and
in Poland they have never been recorded beyond the natural range of fir. Apart from the
above-mentioned species, those rare in Poland and in Europe included Parasemidalis
fuscipennis, Drcpanepteryx algida, Wesmaelius ravus, W. mortoni and Nothochrysa fulviceps.
Among these, only P.fuscipennis stood out in respect of the great frequency in fir cano-
pies in the forests studied. Dichochrysa abdominalis is a species new to the fauna of Po-
land. It has hitherto been recorded in a few countries only, e.g. Italy, Austria, Switzer-
land and Germany, and its ecological preferences still poorly known. Special studies on
the distribution of this species in Poland are to be carried out.

Fir declining poses threat to the existence of neuropterid species with small ranges,
species which, in respect of habitat requirements, are associated with fir forest. On the
basis of the great abundance and occurrence constancy of Hemerobius contumax and
Sympherobius pellucidus in A. alba canopies, it seems justified to recognise them as spe-
cies chiefly associated with this habitat and thus the most threatened.

The results of the study as well as literature data (ASPOCK et al. 1980,1991, 2001) con-
cerning the occurrences of Puncha ratzeburgi, Hemerobius contumax, Sympherobius pellu-
cidus, Nothochrysa capitata, Nineta pallida, Peyerimhoffina gracilis and Parasemidalis fuscipen-
nis indicate that the distribution of these species, at least in some parts of their ranges,
may be associated with the distribution of 4. alba and other species of this genus. How-
ever, the link can prove to be not too close, as these species may also occur on trees of
the genera Picea and Pinus. Nevertheless, their records in boreal regions, beyond the
range of A. alba, lie under the climatic conditions similar to those in fir forest.

The present results may serve as the basis for considering Hemerobius contumax and
Sympherobius pellucidus as species indicatory for Central European fir forest. Parasemi-
dalisfuscipennis has already been declared an indicatory species (Gepp 1999).
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STRESZCZENIE

[Tytut: Raphidioptera i Neuroptera (Neuropterida) w goérskich, wyzynnych i nizinnych
lasach Polski w warstwie koron jodly Abies alba M1LL ]

Jodta (Abies alba M 1LL.) jest europejskim drzewem gorskim, ktére w Polsce osiaga
pénocno-wschodniag granicg¢ swego naturalnego zasiggu (Fig. 1, 2). Udziat jodly w
catkowitej powierzchni lesnej kraju wynosi niecate 3%, a jej centrum wystgpowania
znajduje si¢ w Karpatach.

W opracowaniu przedstawiono charakterystyke owadow siatkoskrzydlych {Neu-
ropterida) wystepujacych w lasach jodlowych. Omoéwiono sktad gatunkowy, liczeb-
nos¢, strukture dominacyjna, profil ekologiczny zgrupowan, fenologi¢ oraz znaczenie
i role siatkoskrzydlych. Faune¢ Neuropteridea laséw jodlowych poréwnano z fauna
innych lasow (boréw sosnowych $§wiezych, mieszanych i gradoéw) wystepujacych w
nizinnych i wyzynnych regionach kraju.

Siatkoskrzydte (5720 imagines) zostaty zebrane w latach 1993 i 1994 w lasach Be-
skidu Sadeckiego, Gor Swietkorzyskich i Wysoczyzny Lodzkiej. Wymienione regiony,
polozone na r6znych wysokosciach w odmiennych warunkach klimatycznych, tworza
transekt pozwalajacy prze$ledzi¢ zmiany nastepujace w faunie siatkoskrzydilych w
miar¢ posuwania si¢ jodty na pdinoc.

Analiza materiatu zebranego na Abies alba w lasach gorskich, wyzynnych i nizin-
nych wykazata zmienno$¢ fauny Neuropterida, uwarunkowanag regionalnymi i lokal-
nymi warunkami siedliskowymi. Wykraczajac poza obszary gorskie, jodta wchodzi w
strefe klimatu cieplejszego i suchszego, z mniejsza iloscia opadow. Zmiany w warun-
kach klimatycznych iidace w §lad za tym sktadu gatunkowego zbiorowisk lesnych z
udziatem jodly znajdowaly odzwierciedlenie w sktadzie, bogactwie gatunkowym i
strukturze zgrupowan siatkoskrzydtych.

Zebrane siatkoskrzydte nalezaty do dwoch rzeddéw i pigciu rodzin (Tab. I). Wsrod
44 gatunkow wykazanych ogétem, 24 wystgpowaly we wszystkich trzech regionach
(Tab. II, III, IV, V). Srednie podobienstwo faun (wg wzoru Sorensena) z poszczegdl-
nych region6w bylo wysokie wynosito bowiem 80%. Najbardziej zblizone sktady ga-
tunkowe miaty Neuropterida z laséw wyzynnych i nizinnych (So=86%), stosunkowo
najmniej podobne byty nuropterofauny lasow goérskich i nizinnych (So=75%). Wspol-
na cecha struktury zgrupowan siatkoskrzydlych z poszczegodlnych regiondéw byta
obecnos¢ jednego lub dwu gatunkow z rodziny Coniopterygidae na pozycjach eudomi-
nantoéw. Réznice dotyczyly kolejnosci gatunkdéw na dalszych pozycjach w zgrupowa-
niu. W lasach goérskich wszedzie przewazatl Coniopteryx pygmaea, natomiast w wyzyn-
nych inizinnych dominowaly wymiennie Coniopteryx pygmaea i Conventzia pineticola.
Sieciarkami naliczniej reprezentowanymi w calo$ci materialu a zarazem wspolnymi
dla wszystkich trzech regionow byty Coniopteryx pygmaea, Conventzia pineticola, Heme-
robius contumax 1 Sympherobius pellucidus. W skaznik podobienstwa struktur domina-
cyjnych (wg wzoru Morisity) siatkoskrzydlych z laséw poszczegdlnych regiondw
wynosit §rednio 0,64. Najbardziej podobne do siebie pod tym wzgledem byty zgru-
powania z lasow gorskich i nizinnych (Mo0=0,83) a nastgpnie nizinnych i wyzynnych
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(M0=0,70). Bardzo mate podobienstwo istniato natomiast mi¢dzy struktura ilo§ciowa
neuropterofauny laséw jodtowych gdrskich i wyzynnych (M0=0,39).

Pod wzgledem ekologicznym, trzon fauny siatkoskrzydtych we wszystkich
badanych lasach, stanowity gatunki zyjace na drzewach iglastych, wilgociolubne lub o
duzej tolerancji wzgledem wilgotnosci Srodowiska. Marginesowy udzial miaty formy
kserofilne. Ich udzial, bardzo niski w lasach gorskich, wzrastal nieco w lasach wyzyn-
nych inizinnych (Tab. VII, VIII).

Fauna badanych laséw jodtych pod wzgledem sktadu gatunkowego okazatla si¢ w
duzym stopniu podobna do fauny laséw z nizinnych i wyznnych regionéow kraju
(Tab. IX, X), w szczegodlnos$ci do fauny boréw sosnowych (28 gatunkéw wspdlnych,
S0=75%). Rysem charakterystycznym fauny siatkoskrzydtych lasow jodtowych byta
obecno$¢ rzadkich gatunkoéw gorskich (Puncha ratzeburgi, Hemerobius contumnx, Sym-
pherobius pellucidus, Nothochrysa cnpitata, Ninetn pallida, Peyenmhoffina gracilis), ktéore w
kraju nie zostaly wykazane poza granica naturalnego wystgpowania jodly, a wigc
poza 52° szerokos$ci poinocnej. Wszystkie te gatunki charakteryzuja si¢ malymi zasie-
gami, z centrum wystepowania w Europie Srodkowej. Za gatunki wskaznikowe dla
laséw jodtowych uznano H. contwnax i S. pellucidus, z uwagi na ich wysoka statos¢
wystepowania (100%) i znaczacy udziat iloSciowy wynoszacy odpowiednio ok. 6 i 5%
catosci zebranego materiatu.

Lasy jodtowe byly zasiedlane gtownie przez gatunki z rzedu Neuroptera, ktorych
podstawowym pozywieniem s3 rdézne stadia rozwojowe pluskwiakow (Hemiptera),
szczegodlnie mszyc. Wysoka liczebnos$¢ siatkoskrzydtych, stwierdzona w wigkszos$ci
badanych lasow, wskazuje, iZ owady te moga by¢ waznym ogniwem odpowiedzial-
nym za ograniczanie liczebnos$ci tych fitofagow jodty.





