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A comparative analysis of the structure of N europteroidea  com m unities 
of tree canopies in linden-oak-hornbeam forests, light oak forests, mixed  

coniferous forests and pine forests

Abstract. The following paper is based on stud ies carried ou t from 1976 to 1987 on 
Neuropteroidea of tree canopies in 4 types of forest characteristic  of lowland and  up land  areas in 
Poland: th e  subcontinen tal variety of the linden-oak-hom beam  forest (Tilio-Carpinetum), light oak 
forest (Potentillo albae-Quercetum), mixed coniferous forest (Querco roboris -Pine turn) and  pine forest 
(Peucedano-Pinetum and Leucobryo-Pinetnnx the Dicranio-Pinion alliance). The following 
param eters were analysed and compared: species composition, abundance, s tru c tu re  as well as 
ecological and  zoogeographical diversification of the neurop teran  com m unities. M aterials, totalling 
10,280 im agines of 45 species of neurop terans, were collected in  m atu re  s tan d s from various tree 
species: oaks, lindens, hornbeam s, elms, pines and  larches.
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INTRODUCTION

Advances in ecology and  the transform ation  of n a tu ra l h a b ita ts  have 
resu lted  in a need to investigate biological diversity and  faunal organization 
and, consequently , to study  anim al com m unities in their ac tua l biocoenoses. 
In the  case of Neuropteroidea, particu larly  th e ir forest com m unities, the 
knowledge is still scarce. Papers describ ing quan tita tive  rela tions of the 
Neuropteroidea  of a given area or h a b ita t are no t num erous, be it by Polish 
( B e r n d t  1984, C z e c h o w s k a  1985, 1986, 1990, 1994, D o b o s z  1993) or foreign 
au th o rs  ( R e s s l  1971a, b, 1974, G e p p  1973).

D eterm ination of the s tru c tu re  of n eu ro p te ran  com m unities in Polish 
forests h a s  been possible owing to zoocoenological s tud ies carried  ou t un til 
qu ite  recently  by the Institu te  of Zoology of the Polish Academy of Sciences in 
various types of na tu ra l forests (linden-oak-hom beam , light oak, m ixed 
coniferous and  pine forests) as well as the ir transform ed  co un terparts
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sub jec t to econom ic exploitation or hu m an  settlem ent. The above-m entioned 
forest associa tions are the potential n a tu ra l vegetation of large a reas  of 
Polish low lands and  up lands. In Poland, some of these  assoc ia tions probably 
reach th e ir optim um  h ab ita t conditions. This group includes above all the 
m ixed p ine-oak forest (Querco roboris-Pineturri) occurring  in Poland in its 
m ost typical form (w ithout an  adm ixture of spruce, fir or beech), th e  pine 
forest [Peucedano-PinetuTrij in its S arm atian  variety and  the  su b co n tin en ta l 
linden-oak-hornbeam  forest [Tilio-Carpine tum) ( M a tu s z k i e w i c z  1987).

At p resen t only a sm all p a rt of Polish forests have a  n a tu ra l or n e a r­
n a tu ra l ap p earan ce1. The developm ent of agricu ltu re  and  silv icu lture  has 
affected original forest acreage and  influenced the  species com position and 
age s tru c tu re  of the  stan d s. The total area  of forests growing on fertile soils, 
th a t  is m ainly linden-oak-hom beam  forests, b u t  also m ixed coniferous 
forests and  light oak forests, h a s  sh ru n k , while the area  occupied by pine 
forests h as  expanded. A lm ost 2 /3  of the  total forest area  in Poland are now 
occupied by coniferous forests, with the  pine (Pinus siluestris) as the 
dom inan t tree species accounting  for nearly  70% of the  areas. The prevailing 
age c lasses of the forest s tan d  are I th rough  IV, w ith s ta n d s  rep resen ting  
class V (81-100 years old) and  older accounting  for only 16% (GUS 1994).

The resu lts  of the  zoocoenological s tud ies of n e u ro p te ran s  have been 
partially  pub lished  ( C z e c h o w s k a  1985, 1990, 1994). This paper brings 
together da ta  from the m any years of s tud ies show ing the diversification of 
Neuropteroidea  of tree canopies in forest areas typical of Poland. The m ain  
aim s are to describe and  com pare the com m unities specific to n a tu ra l linden- 
oak -hom beam  forests, light oak forests, m ixed coniferous forests and  pine 
forests in term s of species com position, s tru c tu re , seasonal com m unity  
dynam ics and  ecological and  zoogeographical diversification.

An ecological classification of the  n eu ro p te ran s  was based  on a p ap er by 
Aspó ck  et al. (1980) and the au th o r 's  own investigations. The criteria  for a 
zoogeographical classification come from a  paper by Czech o w sk i and 
M ikołajczyk  (1981).

AREAS OF STUDY

The resu lts  d iscussed  herein  have been gathered  from four linden-oak- 
hom beam  forests, th ree  light oak forests, th ree  m ixed coniferous forests and  
six pine forests. All the  forests were com posed of m atu re  s ta n d s  w hose 
com position w as generally typical of the  respective associa tion  types, and  
covered large areas of com pact forest th a t had  allowed for specific 
m icroclim ates to develop. The study  sites lay far away from agrocenoses. The 
linden-oak-hornbeam , light oak and  m ixed coniferous forests s tud ied  were

‘After KornaS (1977), as natural is regarded a forest, which - in terms of the species composition of the 
vegetation - is similar to a considerable extent to a typical climax community that forms spontaneously 
in a particular climate and habitat.
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s itua ted  in the Mazovian Lowland, while the  pine forests were located in the  
Mazovian Lowland, the Podlasie region, the  Pom eranian Lakeland, the 
Cuiavia-W ielkopolska Lowland and  Roztocze.

W ithin the geographical range of a forest association, geographical 
varieties develop th a t supersede one another. This typological diversification 
of p lan t associations is a ttribu tab le  to con tinen ta l or regional geographical 
factors as well as local h ab ita t conditions, m ostly soil fertility and  hum idity . 
The jo in t effect of these factors (now also including  econom ic exploitation) 
tu rn s  alm ost every plot in the  forest into a  specific spatial com bination of 
p lan t species and  a unique hab ita t for anim als. Due to th is  fact, detailed 
geobotanical analyses of the areas of study  were carried  ou t to facilitate 
zoocoenological investigations (Kotow ska  and  Now akowski 1989 , 
Matuszkiew icz  et al. 1993). They should  be regarded as com plem entary to the 
descrip tions p resen ted  below.

P h y t o s o c i o lo g i c a l  c h a r a c t e r i s t i c s  o f  th e  f o r e s t  t y p e s  u n d e r  s t u d y  

Subcontinental linden-oak-hornbeam forests (T ilio-C arpinetum )

G eneral description

A m ulti-species deciduous forest whose m ain  species are hornbeam  
(Carpinus betulus), two species of oak (Quercus robw  and  Q. sessilis) and  
linden (Tilia cordcita). There m ay be adm ix tures of m aple [Acer 
pseiidoplatanus, A. platanoides), elm (especially Ulmus laeuis), sp ruce  (Picea 
abies), fir (A bies alba) and, in poorer and  drier hab ita ts , of pine (Pinas 
silvestris). The forest has  a m ulti-layer s tru c tu re  w ith canopies formed of 
oaks an d  lindens (and possibly spruces) tow ering above canopies of 
hornbeam  trees. Due to forest floor sh ad in ess  the  understo rey  is usually  not 
dense, th o u g h  it does show  qualitative diversification, being com posed of the 
undergrow th  of trees and  num erous b u sh es, particu larly  Corylus avellana, 
E vonym us verrucosa. E. europaea. Lonicera xy lo steum  an d  C om us  
sanguinea. The ground cover is u sually  uniform , no t tall, covering 60-80%  of 
the  a re a  and  ab u n d a n t in species. C haracteristic  species include Carex 
pilosa, Galium schultesii, Ranunculus cassubicus  and  Isopyrum  Lhalictroides. 
In Poland, th is  association is found east of the  lower V istula, the  upper Noteć 
and  a line extending from the town of Konin th rough  Krotoszyn to Wroclaw; 
there  are n u m erous regional and  habitat-specific  varieties (Sza fer  et al. 
1977, Matuszkiew icz  1981).

S tudy  sites

1. "Dębina" reserve. Strict reserve, 51.2 h a  in area, n ea r the  village of 
Klembów, so u th -east of W arsaw. The study  plot extended over 6.8 h a  in 
division 16. It w as a bi-level s tand , m ade up  of 150-year-old oak trees and  
1 3 0 -150-year-old hornbeam  trees. Canopy density  90%.
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2. "Cyganka" reserve. S trict reserve in Puszcza K am pinoska n e a r  the  
village of T ruskaw  with low linden-oak-hom beam  forest and  sw am py alder 
carr as th e  prevailing hab ita ts . The study  plot occupied 1.8 h a  in division 
1721. The s tan d  w as com posed of oak and  hornbeam  w ith an adm ix tu re  of 
pine, b irch  and  linden; canopy density  90%.

3. "Modrzewina" reserve. S trict reserve, 286 .6  h a  a t th e  village of Mala 
W ieś n e a r  Belsk, form ed in order to preserve a solitary Larix polonica  larch 
site in Mazovia. The study  plot occupied 1.2 h a  in division 152. A m u lti­
storey forest s tan d  with an  u pper layer com posed of canopies of oak (Quercus 
sessilis), larch  and  som e pines, and  a lower one consisting  of canopies of 
ho rnbeam s and  som e 100-year-old oaks; canopy density  60-80% .

4. Radziejowice forest district. A 250 h a  forest n e a r  the  lokality of 
Mszczonów. The study  plot was situ a ted  in the  so u th -easte rn  p a rt of a  low 
and  high linden-oak-hom beam  complex, abou t 250 m away from the  rivulet 
Pisia-G ągolina. The s tan d  was com posed of 75-year-old oaks (Quercus robur) 
and  40- to 50-year old hornbeam s and  lindens with an  adm ix ture  of birch  
and  pine; canopy density  80%.

Light oak forest (P o ten tillo  albae-Q uercetum )

G eneral descrip tion

An associa tion  with p redom inan t oak (usually  Quercus sesilis, w ith Q. 
robur a b u n d a n t only in n o rth -easte rn  Poland) and  pine as a  c o n s ta n t n a tu ra l 
adm ixture. Canopy density  u sually  abou t 6 0 -7 0 % . T hese forests grow on 
m oderately fertile and  relatively dry soils a b u n d a n t in calcium . The 
understo rey  is well-developed and  includes, am ong o thers, Berberis vulgaris, 
Crategus monogyna. C. oxycantha, Pirus comm unis, Prunus spinosa, 
R ham nus catharctica and  Sorbus aucuparia. Has the richest g round  cover of 
all forest association  types, characterized  by the  p resence of species slighly 
calciphilous, b u t hea t- and  light-loving. The m ost im portan t of th ese  are 
Vicia cassubica. Ranunculus polyanthem os, Pulm onana angustifolia  and  
Potentilla alba. In Poland, the  light oak forest reaches the  n o rth e rn m o st lim it 
of its range. It is found m ainly in subprovinces of C entral Polish Lowlands, 
Podlasie-B elarussian  U plands and  the Sou them -B altic  Lakeland. Plots of 
light oak forest are often su rro u n d ed  by pine and  m ixed coniferous s tan d s , 
less com m only by linden-oak-hom beam  forests (Szafer  et al. 1 977 , 
Ma tu szkiew icz  1981).

Study sites

1. King J a n  III Sobieski reserve. A partial reserve w ith in  the  city lim its of 
W arsaw  (Marysin W awerski, Praga S ou th  district); a 113.5 h a  conservation  
area. The study  plot w as 7.4 h a  in division 7, m ade up  m ainly  of 130-year- 
old oaks (Quercus robur) an d  lindens.

2. B. Hryniewiecki reserve. A 24.73 h a  partial reserve in Podkow a Leśna 
n e a r W arsaw, form ed in order to pro tect surviving oak woods. The s tu d y  plot
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was over 9 ha  in division 349b. The s tan d  was m ade up of 165-year-old oaks 
with an  approxim ately 20% addition of pine; canopy density  40%.

3. Radziejowice forest district. A 250 h a  forest n ea r the  town of 
Mszczonów. The 25.3 h a  study  plot was situa ted  in division 1 10a. The stan d  
was com posed of 75- to 80-year-old trees, m ainly oaks (Quercus robur) w ith 
an  adm ixture  of hornbeam , linden and  pine; canopy density  70-80% .

C ontinental m ixed coniferous forest (Querco roboris-Pinetum )

General description

A syntaxon th a t is a  more exact equivalent of the  Pino-Quercetum  
association . The dom inant species include oak (Quercus robur or Q. sessilis) 
and  pine (Piuus silvestris). There m ay be adm ix tures of b irch  (Betula  
verrucosa), aspen  (Populus tremula) and  linden (Tilia cordata). The forest 
allows quite a  lot of light to penetrate, with canopy density  reaching  abou t 
70%  in older s tands. The sh ru b  layer is quite luxurian t, consisting, am ong 
others, of Corylus avellana, Frangula alnus, Sorbus aucuparia. Viburnum  
opulus and  Crategus sp.. In the ground  cover the  dom inan t is m ost 
frequently  Vaccinium myrtillus or, quite often, Pteridium aquilinum, w ith 
M ajanthem um  bifolium, Convallaria majalis, Veronica officinalis, Solidago 
virgaurea  and  Entodon schreberi also being fairly co n stan t elem ents. In 
Poland m ixed pine-oak forests are found in the  lowlands, in the 
subco n tin en ta l area, generally beech- and  sp ruceless (Szafer  et al. 1977 , 
Matuszkiew icz  1981).

Study sites

1. Lom na I. A coniferous forest plot, 2.5 h a  in area, in division 21 of the 
d istric t of Laski in Puszcza Kam pinoska. The s tan d  is 65 to 75 years old and  
com posed of oak (Quercus robur), with an adm ixture of birch  and  pine. In its 
centre are 40-year-old pines growing as solitary trees and  in c lusters. 
Adjoining on one side was a pine forest s tand , and  on the other, a 35-year- 
old alder swamp.

2. Łom na II. A plot 7 ha  in area in division 38b of the  Laski forest district. 
80- to 90-year-old stan d  of pine, oak and  birch. U nderstorey com posed of 20- 
to 30-year-old oaks and  isolated hornbeam s.

3. Kaliszki reserve. A plot 15 h a  in area  in division 24c. Mixed coniferous 
forest w ith areas of alder swamp in land  hollows. S tand  com posed of 120- to 
140-year-old pine trees. Understorey w ith 20- to 30-year-old oaks and  pines.

Pine forests of the D icranio-Pinion  alliance

General descrip tion

A typical association  of poor sandy soils w ith a low underg round  w ater 
level. Pine (Pinus silvestris) is the stand-form ing species while verrucose 
b irch  (Betula verrucosa), rowan (Sorbus aucupaiia), oak (Quercus robur).
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som etim es beech (Fagas silvatica), spruce (Picea excelsa) and  fir (Abies  
alaba) are accom panying elem ents. W ithin the range of the  pine forest, two 
geographical varieties supersed ing  each o ther can be identified: the
suboceanic pine forest and  the subcontinen ta l pine forest.

The suboceanic pine forest (Leucobryo-Pinetum) is com m only found in and 
occupies large areas in w estern, central, so u th e rn  and  p a rts  of eastern  
Poland. The subcon tinen ta l pine forest (Peucedano-Pinetum), also widely 
d istribu ted , is seen east of the  River Bug and  the  lower Vistula, crossing  th is 
line where the clim ate is m arkedly subcon tinen ta l (Toruń and  Płock basins, 
K utno Plain, Polesie), it differs from the o ther variety in having a richer flora 
th a t  includes species with a  con tinen ta l geographical range, u sua lly  slightly 
xero therm al perenn ials ( S z a f e r  et al. 1977, M a t u s z k ie w ic z  1981).

S tudy sites

Subcon tinen ta l pine forests (Peucedano-Pinetum)
1. Puszcza Białowieska. Vast forest complex, 58,000 h a  in area  (on Polish 

territory) in the  N orthern Podlasie Lowland region. L inden-oak-hornbeam  
forests are dom inan t and  pine forests occupy 4.6%  of the  area  (Zaręba 1986). 
The study  plots (Hajnówka forest inspectorate, divisions 607b, 668a and 
538b) represen ted  the subboreal variety of the association, characterized  by a 
co n stan t presence of spruce. S tand  com posed m ostly of abou t 150-year-old 
p ines w ith a small adm ixture of spruce; sporadic Betula verrucosa  and 
Quercus robur in the understo rey  and  undergrow th.

2. Puszcza Biała. Coniferous forest complex, abou t 60,000 h a  in area  in 
the  North Mazovian Lowland region. Pine (Pinus silvestris) is the  dom inant 
species. The m atu re  s tan d s  are largely na tu ra l, the younger ones are m ostly 
p lantings; s ta n d s  are pure  pine or there  is a sm all adm ixture of birch, oak or 
aspen . The study  plots (Ostrów Mazowiecka forest inspectorate , divisions 34f, 
62g and  38b) represen ted  the Sarm atian  variety of the association, 
characterized  by the presence of Juniperus com m unis in the understorey; the 
s tan d s  are 97 to 132 years old.

3. Puszcza K am pinoska. 35,721 h a  in area  in the  Mazovian Lowland n ear 
W arsaw. Terrain considerably  varied in term s of topography and  hab ita t. The 
forest u n d er study  occupied 26 h a  in the north -w estern  part of Puszcza 
K am pinoska n ea r the  village of Lomna (Laski forest district, divisions 21 and 
8); 70- to 80-year-old stand , com posed m ostly of pine with a  sm all addition of 
b irch  and  oak; understo rey  consisted  of Juniperus comm unis, Quercus robur 
and  Picea excelsa.

Suboceanic pine forests (Leucobryo-Pinetum )
1. Bory Tucholskie. A forest complex abou t 120,000 h a  in area, in the 

S ou thern  Pom eranian Lakeland region. Coniferous forest sites, growing 
u sually  on poor sandy  soils, m ake up  98% of the  complex. The prevailing 
association  type is pine forest, often a transito ry  form betw een a Leucobryo- 
Pinetum  and  a Peucedano-Pinetum  forest ( S z a f e r  et al. 1977). The study  plots
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(Osie forest district, division 306b, 340c, 346a) com posed alm ost entirely of 
pine with a  m inor adm ixture of birch.

2. Babim ost. Pine forests on form er agricu ltu ral land, n e a r the  lokality of 
Babim ost in the  Cuiavia-W ielkopolska Lowland. S tand  com posed entirely of 
pine, approxim ately 100 years old. G round cover and  b u sh  layers have not 
yet developed association-specific flora.

3. Roztocze. A forest complex, 6832 h a  in area, in Middle Roztocze 
(Roztocze National Park). Leucobryo-Pinetum  forests occupy nearly  18% of the 
area. A region-specific feature is the  presence of fir, sp ruce  and  beech in the 
understorey, and  som etim es also in the  stand . The study  plots were situa ted  
in the  Zwierzyniec forest inspectorate in divisions 38, 178 and  198.

TIME OF STUDY, METHODS AND MATERIAL

The m aterial u sed  for analysis w as obtained during  ca tches carried  o u t in 
1976 and  1987. The insects were caugh t using  yellow plastic  bowls. 18 cm in 
diam eter, filled with a w ater solution of ethylene glycol and  some detergent. 
The bowls were h u n g  high in tree canopies and  rem ained there  from April 
un til the  end of October. They were em ptied at regu lar intervals, every 10 or 
14 days. The m ethod, in troduced  by Moericke for the  sam pling of aphids, 
was used  in the  zoocoenological s tud ies  organized by the  In stitu te  of Zoology 
PAS for collecting all insect taxa inhab iting  tree canopies ( B a ń k o w s k a  and 
G a r b a r c z y k  1981, S a w o n ie w ic z  1996). Years of s tud ies  have show n th is 
m ethod to yield the m ost complete sam pling m aterial as far as th is  forest 
layer is concerned.

The trap s  were h u n g  on trees belonging to a  variety of species: oaks, 
lindens and  hornbeam s, som etim es also elm s or larches in the  linden-oak- 
hornbeam  forests; oaks, lindens and  (where possible) p ines in the  oak 
forests; oaks, b irches and  pines in the m ixed coniferous forests; and  p ines in 
the  pine forests. Nine trap s were h u n g  in each linden-oak-hornbeam , oak 
and  m ixed coniferous forest (3 trap s  per tree), and  15 trap s  were placed in 
each pine forest (1 per tree). The total yield w as 10,280 specim ens of 
Neuropteroidea, with 43% of these collected in pine forests, 34%  in  linden- 
oak-hom beam  forests, 14% in m ixed coniferous forests and  9% in oak 
forests.

The ab u n d an ce  of individual species and  entire com m unities was 
expressed  as an index corresponding to the  num ber of individuals caugh t in 
one trap  over 100 days. The m ultip lication factor of 100 was applied so th a t 
the  values of the  index would be high enough to be easily hand led  in 
com puta tions.

An analysis of the s tru c tu re s  of dom inance of the  com m unities m ade it 
possib le to d istingu ish  four categories of species: eudom inan ts  (>15.0%), 
dom inan ts  (15.0-5.1% ), subdom inan ts  (5.0-1.1%) and  accessory  species 
( < 1 .0 % ).

http://rcin.org.pl



134 W. Czechowska

Q u a l i t a t i v e  s i m i l a r i t y  ( s p e c ie s  c o m p o s i t i o n  s i m i l a r i t y )  b e t w e e n  
c o m m u n i t i e s  w a s  c a l c u l a t e d  a c c o r d i n g  t o  S o r e n s e n 's  f o r m u l a  (So) (S o r e n s e n  
1948):

where: a -  the num ber of species in the  1st com m unity: b -  the  n u m b er of 
species in the 2nd com m unity: c -  the  n um ber of species com m on to both  
com m unities.

The sim ilarity of dom inance s tru c tu re s  of com m unities w as obtained 
using  M orisita's form ula (Mo) modified by H o r n  (1966):

where: x, and  y, -  the  percentage con tribu tions of species com m on to both  
com m unities: xa and  ya -  the percentage con tribu tions of individual species 
in each  of the com m unities com pared.

Species characteristic  of individual com m unities were found using  a 
quan tita tive  constancy  form ula (VV):

where: a  -  the  ab u n d an ce  of a given species in a  given hab ita t: b -  the 
sum  of com m unity ab undance  figures from all h a b ita ts  studied.

The characteristic  species th resho ld  was se t a t W> 51%.
Biocoenotic diversity of com m unities was a ssessed  using  S hannon  and  

W eaver's index of ac tua l species diversity (fT):

where: n, -  the  ab u n d an ce  of the  ith species: N  -  the total abundance  of 
the  com m unity.

This index sorts faunal structure  both in term s of species richness and 
evenness of resources distribution among individual species (Tr o ja n  1992). 
Potential species diversity of com m unities (Hinax), which also m arks the limit of 
the H' index, is equal to logS*.

Pielou’s index (J):

w as applied to determ ine the degree of realization of po ten tial diversity by 
individual com m unities (S* is the  poten tial n u m b er of species in a  
com m unity  determ ined  using  the negative binom ial d istribution).

2c
So = ------- 100%

a  + b

2X x,L/t
Mo = 1 = 1

n n

U=1 a =1

W  = - 1 0 0 %  
b

J  = — —  100% 
l ogS*
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SPECIES COMPOSITION AND COMMUNITY STRUCTURE 

Linden-oak-hornbeam forests (T ilio -C arp in etum )

28 species of Neuropteroidea , including  3 species of Raphidioptera  an d  25 
species of Neuroptera  s. str., were found in the linden-oak-hom beam  forests 
under s tudy  (Table I). Individual com m unities were com posed of 10 to 21 
species, and  qualitative sim ilarity ranged from 58% to 72% (Fig. 1). The 
species with the h ighest constancy  of occurrence, found in all the linden- 
oak-hornbeam  forests studied, were as follows: H em erobius hum ulinus, H. 
micans, Nineta Jlava, N. vittata. Chrysotropia ciliata, Chrysopa pallens. 
Mallada prasina  and  Chrysoperla cam ea. Together, they accounted  for 6 2 - 
8 0 Vo of species forming individual com m unities.

The poorest com m unity inhab ited  a rem arkably  shady  linden-oak- 
hornbeam  forest com posed only of deciduous trees s itu a ted  in D ębina 
Reserve. C om m unities m ade up  of a  greater n u m b er of species were found  in  
forests with less dense s tan d s and  an  adm ixture  of coniferous trees. A 
greater nu m b er of therm ophilous species of Neuropteroidea  were identified 
there and  the  presence of pine and  larch w as prop itious to species with 
specialized eating  habits, feeding on phytophages living only on these  trees. 
The richest com m unity inhab ited  the  Radziejowice site, w hich was 
characterized  by a high proportion of the  tall linden-oak-hornbeam  forest 
with an adm ixture of pine.

The ab u n d an ce  of Neuropteroidea varied quite widely (17.65-66.65), the  
abundance  index being related to hab ita t conditions in a given plot of forest. 
The lowest abundance  was recorded for the com m unity  in the  low linden- 
oak-hornbeam  forest of Cyganka, and  in the com m unity  of the  shady  
com m on linden-oak-hom beam  forest of D ębina the  figure w as only a little 
higher. An approxim ately twice as high ab u n d an ce  index was ob tained  for 
the com m unity  of a comm on linden-oak-hom beam  forest w ith an  adm ixture 
of larch  (Modrzewina), while a figure th ree  tim es as high as the  lowest 
abundance  w as recorded in the  plot with a  high proportion  of high linden- 
oak-hornbeam  forest (Radziejowice).

In the  entire  m aterial collected in the  linden-oak-hornbeam  forests, there  
were th ree  eudom inan ts, namely, Chrysotropia ciliata (28.5%), Chrysoperla  
cam ea  (24.7%) and  Nineta Jlava  (19.8%); one dom inan t -  M allada prasina  
(14.6%), and  the subdom inan t species group consisted  of Hem erobius  
hum ulinus, Chrysopa pallens, Nineta vittata  and  Cunctochrysa albolineata. 
The o ther 20 species, accounting  for 3.5%  of the to ta l n u m b er of specim ens, 
were c lassed  as accessory elem ents. The m ost a b u n d a n t of these  were 
R aphidia notata, Coniopteryx tineiformis, H em erobius micans, Sym pherobius  
klapaleki and  M allada ventralis.

A charac te ris tic  feature of the s tru c tu re s  of dom inance of individual 
com m unities was a m arked num erical prevalence of 3 -4  species th a t 
accounted  for abou t 90% of individual com m unity abundance . At the sam e
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Table I. A bundance (n -index) and proportion (%) of particu lar species of Neiiropteroidea in the 
linden-oak-hom beam  forests (Tilio-Carpinetum) (+ -  n<0.01))

P lo ts D ę b in a  res. C y g a n k a  re s
M o d rzew ln a

res. R ad z iejo w ice M ean

No S p e c ie s n % n % • n % n % n %

1 R aph id ia  no ta ta  FABR. - 0 .0 2 0 .1 0 .4 4 1.0 0 .1 7 0 .2 0 .1 6 0 .4

2 Raf)hiclia major BURM. - - - - 0 .1 4 0 .3 - - 0 .0 4 0 .1

3 R aphid ia  xa n thostiym a  SCHUMM. - - 0 .0 2 0.1 - - - - + +

4 C oniopteryx tinelform is  CURT. - - - - 0 .0 9 0 .2 0 .4 5 0 .7 0 .1 4 0 .4

5 C oniopteryx borealis TJED. - - - - - - 0 .0 8 0.1 0 .0 2 0. 1

6 Coniopteryx parthen ia  (NAV. e t MARC.) - - - - - - 0 .0 9 0 .1 0 .0 2 0 .1

7 Coniopteryx haem atica  MCLACHL. - ' - - - - - 0 .1 9 0 .3 0 .0 5 0.1

8 Sernidalis aleyrodiformis (STEPH.) - - - - - - 0 .0 8 0 .1 0 .0 2 0.1

9 C onventzia  psocifonnis  CURT. - - - - 0 .2 2 0 .5 - - 0 .0 5 0.1

10 D repanopteryx pha laeno ides  (L.) - - - - 0 .0 5 0 .1 0 .0 9 0. 1 0 .0 4 0.1

1 1 W esm aelius concinnus  (STEPH.) - - - - 0 .0 5 0 .1 0 .0 9 0.1 0 .0 4 0.1

12 W esm aelius quadrifascia tus  (REUT.) - - - 0 .3 0 0 .7 - - 0 .0 8 0 .2

13 W esm aelius nervosus  (FABR) - - 0 .0 6 0 .3 - - 0 .1 1 0 .2 0 .0 4 0 .1

14 H em erobius hw ruilinus  L. 0 .8 0 3 .6 1 .4 3 8.1 1 .0 0 2 .3 0 .9 1 1 .4 1 .0 4 2 .8

15 H em erobius atrifrons  MCLACHL. - - - - 0 .2 9 0 .7 - - 0 .0 7 0 .2

16 H em erobius m tcans  OUV. 0 .2 1 1.0 0 .1  1 0 .6 0 .2 4 0 .6 0 .0 8 0 .1 0 .1 6 0 .4

17 H em erobius m aryinatus  STEPH. - - 0 .0 2 0 .1 - - - + +

18 Sym pherobius klapaleki ZEL. 0. 10 0 .5 0 .0 2 0 .1 - - 0 .5 0 0 .8 0 .1 6 0 .4

19 N ineta  j la v a  (SCOP.) 5 .6 0 2 5 .5 3 .8 9 2 2 .0 1 8 .4 5 4 2 .8 1 .6 5 2 .5 7 .4 0 1 9 .8

2 0 N ineta  e itta ta  (WESM.) 0 .3 8 1.7 0 .1 3 0 .7 1 .9 0 4 .4 0 .9 1 1.4 0 .8 3 2 .2

21 N ine ta  inpunc ta ta  (REUT.) 0 .0 5 0 .3 - 0 .0 9 0.1 0 .0 4 0.1

2 2 C hrysotropia ciliata  (WESM.) 8 .8 9 4 0 .5 6 .4 9 3 6 .8 1 1 .6 0 2 6 .9 1 5 .5 6 2 3 .3 1 0 .6 4 2 8 .5

2 3 C hrysopa perla  (L.) 0 .0 5 0 .2 - - - - - 0 .0 2 0.1

24 C hrysopa  pollens  (RAMB.) 0 .3 2 1 .5 0 .0 7 0 .4 2 .8 5 6 .6 0 .2 5 0 .4 0 .8 7 2 .3

2 5 M allada p ra sin a  (BURM.) 0 .5 8 2 .6 1 .0 6 6 .0 0 .7 9 1 .8 1 9 .3 9 2 9 .1 5 .4 6 14 .6

2 6 M allada uentralis  (CURT.) - 0. 12 0 .7 0 .1 4 0 .3 0 .3 9 0 .6 0 .1 6 0 .4

2 7 Chrysoperla carnea  (STEPH.) 5 .01 2 2 .9 4 .1 6 2 3 .7 4 .6 0 1 0 .7 23 .1  7 3 4 .8 9 .2 4 2 4 .7

2 8 C u n c to c h ry s a  allxilineata  (KILL.) - - - - - 2 .4 0 3 .6 0 .6 0 1 .6

T o ta l 2 1 .9 4 1 0 0 .0 1 7 .6 5 1 0 0 .0 4 3 .1 5 1 0 0 .0 6 6 .6 5 1 0 0 .0 3 7 .3 9 1 0 0 .0

N u m b e r  o f  sp e c ie s 10 15 17 21 2 8

time, dom inance s tru c tu re  sim ilarity was generally very high (Fig. 2). The 
h ighest sim ilarity indices (Mo=0.84-0.98) were obtained  for the  com m unities 
found in the  typical linden-oak-hornbeam  forests and  the low linden-oak- 
hornbeam  forest, the  la tte r with Chrysotropia ciliata. N ineta J lava  and  
Chrysoperla cam ea  as dom inants. D om inance s tru c tu re  sim ilarity  w as lower 
w hen obtained  these  com m unities were com pared to th a t in the  h igh linden- 
oak-hornbeam  forest (Radziejowice). The m ain s tru c tu ra l difference was the 
absence of the m esohygrophilous and  shade-loving Nineta J lava  from the 
dom inan t group in the  la tte r type of forest, where it was replaced by M allada  
prasina , also hygrophilous b u t light-loving.
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Mixed
coniferous

forests

Linden-oak- 
hom beam  forests

Light oak 
forests Pine forests

Dębina 60 58 55 70 48 40 33 37 29

63 65 5862 62 69 46

Modrzewina 73 57 6568 49

5965 67 62 57 52 54 53 40 50

67 6>2 50 50 44 42 40 40 47 3862

Hryniewiecki 55 70 60 60 54 57 65 6470 70

Radziejowice 55 67 50 4533

70 65 65 65 67 70 59

Lomna II 70 85 59 72 68

4 0 4 1  - 6 ) 0  i i § $ l 6 1 - 8 ( )  H 8 M ( K ) %

Fig. 1. Qualitative similarity between communities of Neuropteroidea from the particu lar forests studied

L inden-oak-hornbeam  forests are m oist forests, b u t  the degree of m oistu re  
varies with underg round  w ater level and  s tan d  density. In th is  hab ita t, 
n eu ro p te ran  com m unities were com posed of species with diverse m oistu re  
a n d  tem pera tu re  preferences, owing to which the com m unities could easily 
a d a p t to the conditions prevailing in a given forest.

Am ong the  dom inant species, Chrysotropia ciliata h as  the s tric tes t 
m o is tu re  preferences, while M allada prasina  is the  m ost flexible in th is  
respect, and  the preferences of Nineta flava  can be described as interm ediate. 
N um erical prevalence of one of these  species over the  o thers served as a 
criterion  for d istinguish ing  three m oistu re-re la ted  varieties of the  s tru c tu re  of 
dom inance of the com m unities. The th ree varieties are as follows:
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' I I  B S S j a  n i  fi k i i H o  h i  1 " I !

Fig. 2. Dominance structure similarity between communities of Neiuopteroidea from the particu lar
forests studied.

Linden-oak-hornbeam forests
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Sobieski

Dębina

0 .21

0.28
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0.26 0.31
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0.08

0 .1 2

0.09
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0.23
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0.32
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Puszcza Biała

Puszcza Kam pinoska

Babimost

Roztocze

Pine forests

Cyganka

Modrzewina

Hryniewiecki

Radziejowice

Łomna II

Ka liszki

Puszcza Białowieska

Boiy Tucholskie

Llnden-oak- 
hornbeain forests

Light oak 
forests

Mixed
coniferous

forests

0.17 0.19 0 .1 0 0.04 0.05 0.07

Lomna I

0.25 0.27 0.32

0 .1 0

0 .5 9 0.06

0.83

0.93 0.4 3

0.49

0.95

0.66 0.77 0.33

0.76 0 .1 2

Fig. 3. Proportions of the most im portant species of Neiuopteroidea communities in the linden-oak- 
hom beam  forests: A - Dębina, B - Cyganka, C - Modrzewina, D - Radziejowice.
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-  varian t I: a  prevalence of Chrysolropia ciliala, found in low linden-oak- 
hornbeam  forest and  extremely shady com m on linden-oak-hornbeam  forest 
(Dębina, Cyganka);

-  varian t II: a high proportion of Nineta J lava , seen typically in slightly 
ligh t-penetrated  common linden-oak-hornbeam  forest (Modrzewina);

-  varian t III: a  particularly  high proportion of M allada prasina, specific to 
high linden-oak-hornbeam  forest w ith an adm ixture of pine (Radziejowice).

A feature comm on to all com m unities in the linden-oak-hornbeam  forests 
u n d er study  w as the presence of the hygrophilous Chrysotropia ciliata in the 
eudom inan t group. However, the con tribu tion  of th is species w ould fall with 
decreasing  m oisture  level in the h ab ita t (Fig. 3).

Table II. Values of the various structural parameters calculated for Neiuopteroidea communities in the 
particular types of forests: S - number of species, n - abundance index, H' - Shannon and Weaver's 

actual species diversity index, H - potential value of this index. J  - percentage ratio of H '/H ;

S n H' H J

L inden-oak-hornbeam  forests

D ę b in a  res. 10 2 1 .9 4 2 .1 5 3 .3 2 6 5

C y g a n k a  re s . 15 1 7 .6 5 2 .3 3 3 .9 1 6 0

M o d rzew in a  res. 17 4 3 .1 5 2 .4 2 4 .0 9 5 9

R ad ziejo w ice 21 6 6 .6 5 2 .3 4 4 .3 9 5 3

In  g e n e ra l 2 8 3 7 .3 8 2 .7 0 4 .8 1 5 6

Light oak forests

R ad ziejo w ice 10 1 2 .2 3 2 .3 3 3 .3 2 7 0

K ing S o b ie sk i res. 16 1 6 .1 3 1 .9 3 4 .0 0 4 8

B. H ry n iew ieck i res. 2 3 1 5 .6 8 3 .1 3 4 .5 2 6 9

In  g e n e ra l 2 6 1 4 .6 9 2 .9 1 4 .7 0 62

Mixed con iferous forests

K aliszk i res . 2 0 1 7 .6 9 2 .9 7 4 .3 2 69

L o m n a  I 2 0 3 5 .1 8 2 .2 6 4 .3 2 5 2

L o m n a  II 2 3 6 9 .4 0 2 .0 0 4 .5 2 4 4

In  g e n e ra l 31 4 0 .7 6 2 .2 5 4 .9 5 4 6

Pine forests

P u sz c z a  K a m p in o s k a 14 2 8 .2 5 3 .0 7 3 .8 1 81

B a b im o s t 15 1 3 .6 8 2 .1 9 3 .9 1 5 6

P u sz c z a  B ia ła 17 8 .3 8 3 .2 3 4. 17 7 7

B o iy  T u c h o lsk ie 19 1 0 .1 0 3 .0 6 4 .3 9 7 0

P u sz c z a  B ia ło w ie sk a 2 0 1 2 .3 3 2 .8 7 4 .5 2 63

R oztocze 21 1 3 .9 9 3 .2 1 4 .3 9 7 3

In g e n e ra l 31 1 4 .4 7 3 .5 8 4 .9 5 7 2

C om m unities inhabiting  individual linden-oak-hornbeam  forests differed 
in the n u m b er of species and abundance, b u t had  sim ilar general species 
diversity indices (H= 2 .15-2.42; Table II). The value of S h annon  and  W eaver's 
index  is m o st influenced by the dom inant species in a  com m unity  (Tr o j a n  
1992). The fairly sim ilar values of species diversity obtained  for 
Neuropteroidea  com m unities in individual forests were due to the fact th a t 
th e  com m unities were formed according to the  sam e s tru c tu ra l model, w ith 
3 -4  species m uch more abu n d an t th a n  the o thers. The values of ac tual 
species diversity (Hj equalled 53-65%  of the respective values of the index of
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potentia l diversity (H). The two indices were m ost sim ilar for the  com m unity  
of the  com m on linden-oak-hom beam  forest (Dębina), while the  largest 
d iscrepancy  betw een them  was noted for the com m unity of the  h igh linden- 
oak-hornbeam  forest in Radziejowice (Table II).

A ssessm en t of the  constancy  of individual species in the  h a b ita t show ed 
th a t in the  dom inan t group (>1%), the  following species were ch arac te ris tic  of 
the  linden-oak-hornbeam  forest: Chrysotropia ciliata (W = 80%), Nineta jla v a  
(60%) and  Cunctochrysa albolineata  (53%). The group of accom panying 
elem ents was com posed of: Chrysoperla cam ea  (W = 47%), Nineta vittata  
(38%), Chrysopa pallens  (36%), Hemerobius hum ulinas  (33%) an d  M allada  
prasina  (17%).

Light oak forests (P o ten tillo  albae-Quercetum )

A  total of 26 species of Neuropteroidea were found in th is  hab ita t, 
including 4 species of Raphidioptera  and  22 species of Neuroptera  s. str. 
(Table III).

Table III. Abundance (n - index) and proportions (%) of particular species of Newopteroidea in light oak
forests [Potentillo albae-Quercetum)

No

P lo ts

S p e c ie s

K ing  S o b ie sk i res.
B. H ry n iew ieck i 

res. R adziejow ice M e a n

n % n % 77 % n %

1 Raphid iaJl(w ipes  STEIN. 0 .0 2 0.1 0 .0 1 0.1

2 R aph id ia  nota ia  FABR. 0 .1 1 0 .7 0 .1 9 1.2 - 0 .1 0 0 .7

3 Raphid ia  m ajor BURM. 0 .0 4 0 .2 - - - 0 .0 1 0.1

4 Raphid ia  xan thostigm a  SCHUMM. - 0 .0 2 0.1 - - 0 .0 1 0. 1

5 Coniopteryx parthen ia  (NAV. ET MARC.) - 0 .0 2 0.1 - - 0 .0 1 0.1

6 Conioptenjx haem alica  M c L a c h l . - 0 .0 2 0.1 - - 0 .0 1 0 .1

7 Sem idalis  aleyrodiform is (STEPH.) 0 .0 6 0 .4 0 .3 6 2 .3 - - 0 .1 4 1.0

8 ConvetUzia psocijonnis  CURT. 0 .0 6 0 .4 0 .3 6 2 .3 - 0 .1 4 1.0

9 Drepcuxopteryx phalaenoides  (L.) - - 0 .0 2 0.1 - - 0 .0 1 0.1

10 W esrnaelius concinnus  (STEPH.) 0 .0 6 0 .4 0 .5 8 3 .7 - - 0 .2 1 1.4

1 1 W esm aelius nervosus  (FABR.) 0 .0 2 0.1 - - 0 .0 8 0 .7 0 .0 3 0 .2

12 H em erobius hum ulinus  L. 1 .5 5 9 .6 0 .2 6 1.7 0 .5 4 4 .4 0 .7 8 5 .3

13 H em erobius stigm a  STEPH. - - 0 .0 7 0 .5 - - 0 .0 2 0.1

14 H em erobius nitiduliis  FABR. - 0 .0 5 0 .3 - - 0 .0 2 0.1

15 H em erobius inicans  OLIV. 0 .2 3 1 .4 0 .0 3 0 .2 - - 0 .0 9 0 .6

16 Sym pherolrius p ygm aeus  (RAMB.) 0 .0 6 0 .4 - - - - 0 .0 2 0 .1

17 Sym pherobius klapaleki ZEL. 0 .1 5 0 .9 0 .2 7 1.7 - - 0 .1 4 1.0

18 Nineta J lava  (SCOP.) 10 .31 6 3 .9 2 .5 7 16 .4 1 .4 5 1 1 .9 4 .7 8 3 2 .5

19 N ineta  vitta ta  (WESM.) 0 .4 1 2 .5 0 .4 1 2 .6 1 .3 0 1 0 .6 0 .7 1 4 .8

2 0 Chrysotropia ciliata  (WESM.) 1 .8 5 1 1 .5 2 .4 9 15 .9 1 .22 1 0 .0 1 .8 5 12 .6

21 C hrysopa palletis  (RAMB.) 0 .0 8 0 .5 0 .0 9 0 .6 0 .0 8 0 .7 0 .0 8 0 .5

2 2 M alladaJlaviJrons (BRAIJ.) - - 0 .0 6 0 .4 - - 0 .0 2 0.1

2 3 M allada p rasina  (BURM.) 0 .0 3 0 .2 4 .1 7 2 6 .6 1 .22 1 0 .0 1.81 1 2 .3

24 M allada ventralts  (CURT.) - 0 .4 4 2 .8 0 .1 5 1 .2 0 .2 0 1 .3

2 5 C hrysoperla ca m e a  (STEPH.) 1.11 6 .9 2 .91 18 .6 6 .0 4 4 9 .3 3 .3 5 2 2 .8

2 6 C unctochnjsa  albolineata  (KILL.) - - 0 .2 7 1.7 0 .1 5 1 .2 0. 14 1 .0

T o ta l 1 6 .1 3 1 0 0 .0 1 5 .6 8 1 0 0 .0 1 2 .2 3 1 0 0 .0 1 4 .6 9 1 0 0 .0

N u m b e r  o f  sp e c ie s 16 2 3 10 2 6

http://rcin.org.pl



Neiiropteroidea lasów Polski 141

The nu m b er of species caugh t in individual forests ranged from 10 to 23, 
with species com position sim ilarity equalling 55-67%  (Fig. 1). The following 
common species: Hemerobius humuliniis, N ineta Jlava. N. vittata,
Chrysotropia ciliata. Chrysopa pallens. M allada prasina  and  Chrysoperla  
carnea, m ade up 30-70%  of the  species con ten t of a  com m unity. The rich 
species con ten t of n eu rop terans  observed in light oak forests w as due both  to 
diversification of the spatial s tru c tu re  of the  forest s tan d  as well as to the  
species com position of the stand . The grea test n um ber of species was found 
in the light oak forest of B. Hryniewiecki Reserve, which differed from the 
others with the hab ita t being m ore patchy  (plots of considerably th in n ed  
stand  with a high proportion of pine growing alongside shad ier areas with a 
well-developed undergrow th).

The average abundance  of lacewings in light oak forests was 14.69, and  
the figures obtained for individual com m unities were no t m uch  different 
(Table III). In the  m aterial as a whole, the  group of eudom inan ts  was 
com posed of N ineta fla v a  (32.5%) and  Chrysoperla cam ea  (22.8%); the  class 
of dom inan ts was formed by Chrysotropia ciliata, M allada prasina  and  
Hemerobius humulinus, and  the su bdom inan t group consisted  of Nineta  
vittata. W esm aelius concinnus and  M allada ventralis. 18 species, accounting  
for 7.0% of the total m aterial, were classed  as the accessory elem ent. The 
m ost ab u n d a n t of these  were Sem idalis aleyrodiformis. Conventzia  
psociformis, Sym pherobius klapaleki and  Cunctochrysa albolineata. The 
relatively low abundance  of n eu ro p te ran s  in light oak forests w as basically  
due to a nearly sixfold decrease in the  abundance  of Ch. ciliata in 
com parison to linden-oak-hornbeam  forests, and  a sim ilar, though  no t so 
m arked, fall in the abundance  of N. Jlava, indicating th a t the  two species, 
though both  belonged to the dom inan t group in light oak forests, found m ore 
favourable living conditions in linden-oak-hornbeam  forests.

Individual com m unities differed in the  com position of the dom inan t group 
and  the proportions of particu la r species as was reflected by the wide range 
of the  values of the Mo index (0.47- 0.69) (Fig. 2). The g rea test sim ilarities 
were found in the  two light oak forests which had  an  adm ixture  of pine (B. 
Hryniewiecki Reserve and  the Radziejowice forest). Both com m unities 
show ed a high proportion of M allada prasina. A  visibly d istinc t s tru c tu re , 
with Nineta flava  as the only dom inant, was revealed in the com m unity  
inhab iting  the King J a n  III Sobieski Reserve light oak forest, s itu a ted  in an  
oak-linden s tan d  (Table III).

The differences in the proportions of M allada prasina  and  Nineta Jlava, of 
which the form er finds optim um  h a b ita t conditions in mixed s ta n d s  of oak 
and  pine, while the  la tte r thrives in hom ogeneous deciduous s tands, m ake it 
possible to d istingu ish  the following two varian ts  of the  s tru c tu re  of 
dom inance of Neurop teroidea com m unities in light oak forests:

-  varian t I: a strong  dom inance of Nineta Jlava, pecu liar to purely  
deciduous forests (King J a n  III Sobieski Reserve);
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-  varian t II: the  proportion of Nineta flava  considerably reduced  for the  
sake of M allada prasina , typically occurs in light oak forests w ith an 
adm ixture  of pine (B. Hryniewiecki Reserve) (Fig. 4).

Light oak forests

iim

1 0 0 %0 % 2 0 % 40% 60% 80%

■  Ch. ciliata [UN. f la v a  EJM. p ra s in a  B Ch. carnea  □  o th e r s

Fig. 4. Proportions of the most im portant species of Neuropteroidea communities in the light oak forests: 
A - Sobieski, B - Hryniewiecki, C - Radziejowice.

The th ird  com m unity, from the Radziejowice forest (with a sm aller 
adm ixture  of pine), had  a s tru c tu re  sim ilar to varian t II, b u t  w ith a ra th e r 
unexpectedly  high proportion of Chrysoperla cam ea, whose larvae develop 
m ostly in the herb  layer.

The n eu ro p te ran  com m unities in the  light oak forests s tud ied  were sim ilar 
in abundance , b u t differed in term s of species diversity an d  dom inance 
s tru c tu re . General species diversity in these  com m unities w as more 
diversified th an  in the  com m unities inhab iting  linden-oak-hom beam  forests, 
with H' index values ranging betw een 1.93-3.13 and  accoun ting  for 48-70%  
of the  respective potential diversity indices (H) (Table II). The low est diversity 
figures were obtained for the  com m unity inhab iting  the purely  deciduous 
forest, where N inetaJlava  m ade up m ost of the com m unity.

A constancy  analysis em bracing the species found in light oak forests did 
not reveal any elem ents characteristic  of th is  h ab ita t in the  group of 
dom inan t species of Neuropteroidea.

Mixed forests (Querco roboris-P inetum )

The 31 species found in th is  h ab ita t included  4 species of Raphidioptera  
and  27 species of Planipennia  (Table IV). C om m unities from individual forests 
num bered  20-23  species and  bad  a qualitative sim ilarity of 70%  (Fig. 1). The 
following species were com m on to all the  forests: R aphidia notata. R. 
xanthostigm a. Coniopteryx parthenia. H em erobius hum ulinus. H. stigma. H. 
nitidulus. Nineta vittata. Chrysotropia ciliata. C hrysopa pollens. M allada 
prasina. Chrysoperla cam ea  and  Cunctochrysa albolineata. Together, they 
accounted  for 52-60%  of the  species con ten t of individual com m unities.
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The index of abundance  of individual com m unities ranged  from 17.69 to 
69.40 (Table IV). In the whole m aterial, the  eudom inan t group w as com posed 
of M allada prasina  (58.9%) and Chrysoperlci carried (16.2%); the c lass of 
dom inan ts  contained only Coniopteryx parthenia  (4.9%); and  the 
su b d o m in an t group was com posed of Rciphidia notata, Chrysopa pcillens. 
H em erobius hum ulinus, Chrysotropia ciliata, N ineta vittata. H em erobius  
stigm a  an d  M allada ventralis. The accessory elem ent included  21 species, 
accoun ting  for 5.6% of the m aterial, with Hem erobius nitidulus. Raphidia  
xanthostigm a  and  W esm aelius concinnus being the m ost n um erous.

Table IV. Abundance (n - index) and proportions (%) of particular species of Neiuopteroidea in mixed 
coniferous forests (Qiierco roboris-Pinetum)

P lo ts L o m n a  1 L o m n a  11 K aliszk i res . M ean
No S p e c ie s n % n % n % n %

1 R aph id ia  ophiopsis ophiopsis  L. 0 .0 7 0 .2 0 .0 7 0 .4 0 .0 5 0.1

2 R aph id ia  notata  FA HR. 2 .5 2 3 .6 0 .5 0 1.4 1 .2 4 7 .0 1 .4 2 3 .5

3 R aph id ia  xanthostigm a  SCHUMM. 0 .0 2 0 .9 0 .2 5 0 .7 0 .1 9 1.1 0 .3 5 0 .9

4 InoceU iacrassicom ls  (SCHUMM.) - - 0 .0 6 0 .2 - - 0 .0 2 0.1

5 A leuropteryx loewii KLAP. - - - 0 .1 3 0 .7 0 .0 4 0.1

6 C oniopteryx parthenia  (NAV. e t  MARC.) 4 .3 0 6 .2 0 .7 6 2 .2 0 .9 7 5 .5 2 .0 1 4 .9

7 P arasem idalls fu sc ip en n is  REUT. 0 .2 7 0 .4 - - - - 0 .0 9 0 .2

8 Sem ida lis  aleyrodiformis (STEPH.) - - - - 0 .1 8 1.0 0 .0 6 0.1

9 C onven tzia  psoci/onnis  (CURT.) 0 .1 2 0 .2 - - - - 0 .0 4 0.1

10 C orwentzia pineticola  END. 0 .4 0 0 .6 - - 0 .0 7 0 .4 0 .1 6 0 .4

1 1 D repanopteryx phalaenoides  (L.) 0 .1 2 0 .2 - - 0 .0 6 0 .3 0 .0 6 0.1

12 W esm aelius concinnus  (STEPH ) 0 .6 2 0 .9 - - 0 .2 0 1.1 0 .2 7 0 .7

13 W esm aelius nervosus  (FABR.) 0 .2 5 0 .7 - - 0 .0 8 0 .2

14 W esm aelius mortoni (MCLACHL.) - - 0 .0 7 0 .2 0 .0 6 0 .3 0 .0 4 0. 1

15 H em erobius hum ulinus  L. 0 .8 8 1.3 1 .6 6 4 .7 0 .3 7 2.1 0 .9 7 2 .4

16 H em erobius stigm a  STEPH. 0 .4 2 0 .6 0 .5 2 1.5 0 .5 9 3 .4 0 .5 1 1 .3

17 H em erobius pini STEPH. 0 .1 3 0 .2 - - - 0 .0 4 0.1

18 H em erobius nitidulus  FABR. 0 .4 0 0 .6 0 .5 2 1.5 0 .2 6 1 .5 0 .3 9 1.0

19 H em erobius m icans  OLIV. 0. 12 0 .2 0 .1 9 0 .5 - - 0 .1 0 0 .2

2 0 Sym pheroh ius pygm aeus  (Ramb.) 0 .1 2 0 .2 - - - - 0 .0 4 0.1

21 Sym pheroh ius elegans  (STEPH.) - - - - 0 .0 7 0 .4 0 .0 2 0 .1

2 2 Sym pheroh ius fu sce sc en s  (WALL.) - - 0 .1 9 0 .5 - 0 .0 6 0.1

2 3 N ineta f la v a  (SCOP.) 0 .2 3 0 .3 0 .0 6 0 .2 - - 0 .1 0 0 .3

2 4 N ineta v itta ta  (WESM.) 0 .2 3 0 .3 0 .4 0 4 .0 0 .2 5 1.4 0 .6 3 1.6

2 5 Chrysotropia ciliata  (WESM.) 0 .1 2 0 .2 0 .9 8 2 .8 1 .1 0 6 .2 0 .7 3 1.8

2 6 C hrysopa  dorsalis  B urm . 0 .1 2 0 .2 - - - 0 .0 4 0.1

2 7 C hrysopa  pollens  (RAMB.) 0 .6 2 0 .9 0 .8 8 2 .5 1 .94 1 1 .0 1 .1 5 2 .8

2 8 M allada prasina  (BURM.) 4 3 .1 2 6 2 .0 2 1 .2 3 6 0 .4 7 .6 5 4 3 .3 2 4 .0 0 5 8 .9

2 9 Mallada. ventralis  (ClIRT.) 0 .9 5 1.4 0 .4 3 1.2 - - 0 .4 6 1.1

3 0 C hrysoperla cornea  (STEPH.) 1 2 .8 5 1 8 .4 5 .0 4 14 .3 1 .9 0 1 0 .7 6 .6 0 16 .2

3 1 C unctochrysa  alholineata  (KILL.) 0 .1 2 0 .2 0 .1 2 0 .3 0 .3 9 2 .2 0 .2 1 0 .5

T o ta l 6 9 .4 0 1 0 0 .0 35 .1  8 1 0 0 .0 1 7 .6 9 1 0 0 .0 4 0 .7 4 1 0 0 .0

N u m b e r  of s p e c ie s 2 3 2 0 2 0 31

The structure  of dominance of all the com m unities studied in the mixed 
coniferous forests were very similar, with Mo ranging from 0.91 to 0.99, which 
w as due to a high proportion of Mallada prasina (Table IV, Figs 2 and  5).
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M ixed con iferous forests

0 % 2 0 % 4 0 % 6 0 % 8 0 % 1 0 0 %

UM. prasina B Ch. carnea Bothers

Fig. 5. Proportions of the most important species of Neuiopteroidea communities in the mixed coniferous 
forests: A -Łomna I, B - to m n a  II, C - Kaliszki.

Table V. Abundance (n - index) and proportions (%) of particular species of Neiuopteroidea on various 
tree species in linden-oak-hombeam forests (Tilio-Ccupinetiim)

T ree  sp e c ie s Q u e rc u s  sp. T llla  c o rd a ta
C a r p ln u s
b e tu lu s U lm u s  sp . L arix  p o lo n ic a

No S p e c ie s ri 96 n 96 n 96 n 96 n 96

1 R a p h ld ia  n o t a t a  F ab r. 0 .1 3 0 .2 0 .0 3 0 .1 - 1 .3 0 4 .2

2 R a p h id la  m a jo r  B u rm . - - - - - - - - 0 .4 0 1.3

3 R a p h ld ia  x a n th o s t ig m a  S c h u m m . - - 0 .0 3 0.1 - - - *

4 C o n lo p te ry x  tln e ifo rm is  C u rt. 0 .0 6 0 .1 0 .3 4 1.2 0 .0 8 0 .3 - - - -

5 C o n io p te ry x  b o re a lis  Tjed. - - - - 0 .0 6 0 .2 - - - -

6 C o n lo p te ry x  p a r th e n la  (Nav. e t  M arc.) - - 0 .0 9 0 .3 - - - - - -

7 C o n io p te ry x  h a e m a t ic a  M cL achl. 0 .1 4 0 .3 - - - - - - - -

8 S e m ld a lis  a le y ro d tfo rm ls  (S tep h .) - - 0 .0 8 0 .3 - - - - - -

9 C o n v e n tz la  p so c lfo rm is  C u rt. 0 .1 6 0 .3 - - - Ł ’ J - - - -

10 D re p a n o p te ry x  p h a la e n o id e s  (L.) - - 0 .0 9 0 .3 0 .0 4 0 .2 - - -

1 1 W e sm a e llu s  c o n c in n u s  (S tep h .) 0 .0 7 0.1 - - - - - - 0 .1 5 0 .5

12 W e sm a e ltu s  q u a d r i f a s c ia tu s  (R eut.) - - - - 0 .1  1 0 .4 - - 0 .4 5 1 .5

13 W e sm a e llu s  n e rv o s u s  (Fabr.) - - 0 .1  1 0 .4 - - 0 .2 5 1.2 - -

14 H e m e ro b iu s  h u m u lln u s  L. 0 .7 5 1.4 1 .1 0 3 .9 1 .1 2 4.1 2 .3 8 1 1.3 0 .7 0 2 .3

15 H e m e ro b iu s  a tr i f ro n s  M cLachl. - - - - - - - - 0 .8 5 2 .7

16 H e m e ro b iu s  m ic a n s  Ollv. 0 .0 2 0.1 0 .1 5 0 .5 0 .2 8 1.0 0 .1 8 0 .9 0 .1 5 0 .5

17 H e m e ro b iu s  m a r g ln a tu s  S te p h . - - - - - - 0 .0 8 0 .4 - -

18 S y m p h e ro b lu s  k la p a le k i  Zel. 0 .0 8 0 .2 0 .2 1 0 .7 0 .2 1 0 .8 - -

19 N ln e ta  flava  (Scop.) 1 0 .7 7 1 9 .6 2 .2 4 8 .0 6 .4 0 2 3 .3 5 .4 8 2 5 .8 1 1 .8 5 3 8 .1

2 0 N in e ta v i t t a ta  (W esm .) 1 .3 4 2 .4 0 .4 3 1 .5 0 .4 6 1.7 - - 1 .6 0 5 .2

21 N ln e ta  l n p u n c ta ta  (ReuL) - 0 .0 9 0 .3 0 .0 5 0 .2 - - - -

2 2 C h ry s o tro p ia  c il ia ta  (W esm .) 1 3 .1 4 2 3 .9 11 .6 1 4 1 .3 9 .2 2 3 3 .6 6 .1 5 2 9 .1 3 .7 0 1 1 .8

2 3 C h ry s o p a  p e r la  (L.) - - - - 0 .0 4 0 .2 - - - -

2 4 C h ry s o p a  p a lle n s  (B urm .) 1 .1 0 2 .0 0 .2 6 1.1 0 .2 1 0 .8 0 .1 5 0 .7 4 .4 0 1 4 .2

2 5 M a lla d a  p r a s ln a  (B urm .) 1 3 .3 8 2 4 .3 1.91 6 .8 1.33 4 .9 0 .5 0 2 .4 1 .4 5 4 .7

2 6 M a lla d a  v e n tr a lls  (C u rt.) 0 .4 4 0 .8 - - 0 .0 2 0.1 0 .1 8 0 .9 - -

2 7 C h ry s o p e r la  c a rn e a  (S tep h .) 1 3 .0 3 2 3 .7 8 .5 0 3 0 .2 6 .8 9 2 5 .2 5 .7 8 2 7 .3 4 .0 5 1 3 .0

2 8 C u n c to c h ry s a  a lb o l ln e a ta  (Kill.) 0 .3 4 0 .6 0 .8 3 3 .0 0 .8 3 3 .0 -

T o ta l 5 4 .9 5 1 0 0 .0 2 8 .1 0 1 0 0 .0 2 7 .3 5 1 0 0 .0 2 1 .1 3 1 0 0 .0 3 1 .0 5 1 0 0 .0

N u m b e r  o f  sp e c ie s 16 18 17 10 13
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Table VI. Mean abundance (n - index) and proportions (%) of particular species of Neuiopteroidea on 
various tree species in light oak forests (Potentillo albae-Qiierceturrij

No

T ree sp e c ie s

S p e c ie s

Q uercus sp. TiUa cordata
Carpinus
betu lus Pinns silvestris

n % n 96 n 96 n 96

1 R aph id ia  Jlavipes  STEIN. - - - - 0 .1 1 1.0

2 R aph id ia  no la ta  PARK. 0 .1 4 1.0 0 .0 3 0 .2 - - 0 .6 7 6 .0

3 R aphid ia  major BURM. - - 0 .0 3 0 .2 - - - -

4 R aphid ia  xan thostigm a  S c  HU MM. 0 .0 2 0. 1 - - - - 0 .1 1 1.0

5 C oniopteryx parthenia  (NAV. e t  MARC.) - - - - 0 .0 4 0 .4 - V V
6 Ccm iopteiyx haernatica  MCLACHL. - - - - - 0 .1 1 1.0

7 Sem idalis aleyradiformis  (STEPH.) 0 .0 5 0 .3 0 .2 7 1.4 0 .3 0 3 .4 - -

8 C oiw entzia  psocifonnis  CURT. 0 .3 0 2 .0 0 .0 7 0 .4 - - - -

9 D repanopteryx phalaenoides  (L.) - - 0 .0 4 0 .4 - -

10 W esm aelius concinnus  (STEPH.) 0 .0 7 0 .5 - - - - 2 .9 0 26 .1

1 1 W esm aelius nem osus  (FABR.) - - 0 .0 3 0 .2 0 .0 8 0 .9 - -

12 H em erohius hum ulinus  L. 0 .2 4 1 .6 1.24 6 .3 0 .9 3 10 .4 0 .1 1 1 .0

13 H em erubtus s tigm a  STEPH. - - - - - - -

1 4 H em erobiiis nitididus  FABR. - - - - - - 0 .3 7 3 .3

15 H em erobius m icans  OLIV. - - 0 .1 4 0 .7 0 .1 4 1.6 0 .3 0 2 .7

1 (5 Sym pherobius pygm aeus  (RAMR.) - - 0 .0 6 0 .4 - - - -

17 Sym pherobius klapaleki ZEL. 0 .2 5 1 .7 0 .1 2 0 .6 0 .0 5 0 .6 - -

18 N ineta J lava  (SCOP.) 3 .9 3 2 6 .7 8 .0 6 4 1 .0 2 .0 9 2 3 .4 0 .8 2 7 .4

19 N ineta  v itta ta  (WESM.) 0 .7 2 4 .9 1 .0 9 5 .4 0 .2 5 2 .8 0 .4 1 3 .7

2 0 Chrysotropia ciliata  (WESM.) 1.54 1 0 .5 2 .8 5 1 4 .4 1 .9 3 2 1 .6 0 .4 5 4.1

2 1 C hrysopa  pollens  (RAMB.) 0 .1 7 1.2 0 .0 3 0 .2 - - 0 .3 0 2 .7

2 2 M allada Jlavifrons  (BRAU.) 0 .0 5 0 .3 - - - - - -

2 3 M a lla d a ;irasina  (BURM.) 3 .1 9 2 1 .7 0 .8 4 4 .3 0 .7 2 8.1 3 .3 1 2 9 .9

2 4 M allada nentralis  (CURT.) 0 .3 4 2 .3 0 .1 5 0 .8 0 .0 5 0 .6 - -

2 5 Chrysoperla cornea  (STEPH.) 3 .5 6 2 4 .3 4 .4 9 2 2 .7 2 .2 5 2 5 .2 0 .6 7 6 .0

2 0 C unctochrysa  albolineata  (KILL.) 0 .1 3 0 .9 0 .1 5 0 .8 0 .0 5 0 .6 0 .4 5 4. 1

T o ta l 14 .7 0 1 0 0 .0 1 9 .6 5 1 0 0 .0 8 .9 2 1 0 0 .0 1 1 .0 9 1 0 0 .0

N u m b e r  of s p e c ie s 16 17 14 15

The ab u n d an ce  of th is species in individual coniferous forests, m arkedly 
influencing the total abundance  of the com m unities, varied widely (Table IV). 
In an oak-dom inated forest (Łomna I) M. prasina  was nearly  6 tim es as 
a b u n d a n t as in a forest formed predom inantly  of pine (Kaliszki) and  2 tim es 
as high as in a forest w ith sim ilar proportions of pine and  oak (Łomna II). The 
dependence of the size of the population of M. prasina  on the proportion of 
oak in  the stan d  stem s from its m arked trophic preference for oak. The 
p roportions of M. prasina  am ong n eu ro p te ran s  collected from oak trees were 
usually  h igher th an  on o ther tree species (Tabels V-VIII).

Though sim ilar in quality and struc tu re , the  com m unities of n eu ro p te ran s  
in the m ixed coniferous forests u nder s tudy  were considerably d istinct in 
a b u n d an ce  as well as species diversity. M allada prasina  was the species 
w hose abundance  influenced m ost strongly the overall ab undance  of 
com m unities and the d istribu tion  of the  species' proportions. The m ost equal 
d istribu tion  of proportions of individual species was recorded for the 
com m unity  with the sm allest percentage con tribu tion  of M allada prasina.

http://rcin.org.pl



146 W. Czechowska

Species diversity (H 1 varied betw een 2.00 and  2.97 (Table 11} and  reached  44 - 
69% of potential diversity (H). The lowest index of diversity w as recorded  for 
the  com m unity from the oak-dom inated coniferous forest (Lomna 1), w here M. 
prasina  was also m ost a b u n d a n t and  had  its g rea test share  in a com m unity.

Table VII. Mean abundance (n - index) and proportions (%) of particular species of Neuropteroidea on 
various tree species in mixed coniferous forests (Qiierco roboris-Pinetum)

T ree  sp e c ie s Q uercus sp. H etula verrucosa Pinus silvestris

No S p e c ie s n % n % n %

1 R aphid ia  ophiopsis ophiopsis L. 0 .1 3 0 .5

2 R aph id ia  n o ta ta  FABR. 1 .2 0 1.7 0 .2 5 1.0 2 .8 1 1 1 .3

3 R aphid ia  xan thostigm a  SCHUMM. 0 .3 7 0 .5 0 .2 3 0 .9 0 .4 5 1 .8

4 i nocelUa crassicornis  (SCUl I MM.) 0 .0 6 0.1 - - - -

5 Aleuropteryx loewii KLAP. - - - 0 .1 3 0 .5

6 C oniopteryx parthen ia  (NAV. e t  MARC.) 0 .5 0 0 .7 2 .6 2 1 0 .4 2 .9 1 1 1 .7

7 Parasem idalis Juscipennis  RELTT. - - 0 .1 3 0 .5 0 .1 3 0 .5

8 Seinidalis aleyrcxliformis (STEPH.) 0 .1 8 0 .2 - - - -

9 C.onventzia psocifom iis  (CURT.) 0 .1 2 0 .2 - - - -

10 C onventzia  pineticola  END. 0 .1 3 0 .2 - 0 .3 3 1 .3

1 1 D repanopteryx phalaenoides  (L.) 0 .1 2 0 .2 0 .0 6 0 .2 - -

12 W esm aelius concinnus  (STEPH.) - - - - 0 .8 1 3 .2

13 W e sm a e liu s  nervosus  (FABR.) - - 0 .2 5 1 .0 - -

14 W esm aelius iriortoni (McLACHL.) - - 0 .0 6 0 .2 0 .0 7 0 .3

15 H em erobius hum ulinus  L. 0 .9 2 1.3 1.92 7 .6 0 .0 7 0 .3

16 H em erobius stig m a  STEPH. 0 .1 2 0 .2 - 1 .4 0 5 .6

17 H em erobius pini STEPH. - - 0 .1 3 0 .5 - -

18 H em erobius nitidulus  FABR. 0 .0 6 0.1 0 .2 6 1 .0 0 .8 6 3 .5

19 H em erobius rnicans OLIV. - 0 .3 0 1.2 - -

2 0 Sym pherobius pygm aeus  (RAMB.) - - 0. 12 0 .5 - -

21 Sym pherobtus elegans  (STEPH.) - - - - 0 .0 7 0 .3

2 2 Sym pherob ius fu sce sc en s  (WALL.) 0 .0 6 0 .1 0 .0 6 0 .2 0 .0 7 0 .3

2 3 N ine taJlava  (SCOP.) 0 .1 8 0 .2 0 .1 2 0 .5 '

2 4 N ineta u ittata  (WESM.) 1 .39 1.9 0 .3 7 1 .5 0 .1 3 0 .5

2 5 Chrysotropia c.iliata (WESM.) 1 .4 5 2 .0 0 .6 8 2 .8 0 .0 7 0 .3

2 6 C hrysopa dorsalis  BlJRM. - - - - 0 .1 2 0 .5

2 7 C hrysopa pallens  (RAMB.) 1 .0 4 1 .4 0 .2 5 1.0 2 .1 6 8 .8

2 8 M allada prasina  (BURM.) 5 3 .4 5 7 4 .1 1 0 .5 8 4 1 .9 7 .9 6 3 2 .0

2 9 M allada uentralis (CURT.) 1 .20 1 .7 - 0 .1 8 0 .7

3 0 Chrysoperla ca m ea  (STEPH.) 9 .3 4 12 .9 6 .7 8 2 6 .9 3 .6 8 1 4 .8

31 C unctochrysa alholineata  (KILL.) 0 .2 4 0 .3 0 .0 6 0 .2 0 .3 3 1 .3

T o ta l 7 2 .1 3 1 0 0 .0 2 5 .2 3 1 0 0 .0 2 4 .8 7 1 0 0 .0

N u m b e r  o f s p e c ie s 2 0 2 0 2 2

Of the dom inant species, M allada prasina  (W=74%), R aphidia  notata  (65%) 
and  Mallada ventralis (52%) were revealed to be characteris tic  of th is  hab ita t, 
while Chrysopa pallens  (W = 47%), Coniopteryx parthenia  (42%), Chrysoperla  
cam ea  (34%), Hem erobius hiim uliniis (30%), Hem erobius stigm a  (29%) and  
Niteta uittata (29%) were identified as  accom panying species.
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Table VIII. A bundance (n -  index) and  proportions (%) of particu la r species of Neiuopteroidea  in the pine forests (Peucedano-Pinetum  and
Leucobryo-Pineturri) on pine (Pinus silvestris) (+ -  n<0.01)

No

P lo ts

S p e c ie s

P u sz c z a
B ia ło w ie sk a P u s z c z a  B ia ła

P u s z c z a
K a m p in o s k a B ory  T u c h o lsk ie B a b im o s t

R o z to c za ń sk i 
N a tio n a l  P a rk M ean

n % n 96 n 96 n 96 n 96 n 96 n 96

1 R aphid ia  ophiopsis ophiopsis L. 0 .0 6 0 .5 0 .1 1 1 .3 1 .9 0 6 .7 0 .1 9 1.9 - 0 .1 0 0 .7 0 .3 9 2 .7
2 Raphiclia Jlavipes  STEIN - - - - - - - - - - 0 .6 2 4 .4 0 .1 0 0 .7
3 R aph id ia  no ta ta  FABR. 0 .3 8 3 .1 1.01 12.1 0 .8 0 2 .8 0 .4 1 4. 1 - - 0 .4 2 3 .0 0 .5 0 3 .5
4 R aphid ia  xan thostigm a  SCHUMM. 4 .9 8 4 0 .4 1 .9 7 2 3 .5 4 .8 5 17 .2 2 .3 8 2 3 .6 0 .2 7 2 .0 - - 2 .4 1 1 6 .7
5 11xocellia crassicornis  (SCHUMM.) 0 .0 6 0 .5 0 .2 4 2 .9 - - 0 .0 4 0 .4 0 .1 0 0 .7 0 .6 7 4 .8 0 .1 9 1.3
6 A leuropteryx loewii KLAP. - - - - 0 .4 0 1.4 - - 0 .0 3 0 .2 - - 0 .0 7 0 .5
7 Coniopteryx parthenia  NAV. e t  MARC. 0 .0 2 0 .2 0 .2 8 3 .3 2 .9 0 10 .3 0 .1 8 1 .8 7 .7 7 5 6 .8 5 .4 5 3 9 .0 2 .7 7 19.1
8 Parasem idalis fu sc ip en n is  (REUT.) - - - _ 0 .4 0 1.4 0 .0 2 0 .2 1 .3 0 9 .5 0 .4 7 3 .3 0 .3 7 2 .6
9 C onven tzia  pineticola  END. - - 0 .0 7 0 .8 0 .4 0 1.4 - - - - 0 .0 5 0 .4 0 .0 9 0 .6

10 D repanopteryx pha laeno ides  (L.) - - - - - - 0 .0 2 0 .2 - - - - + +

1 1 W esm aelius concinnus  (STEPH.) 1 .0 6 8 .6 1 .5 9 1 9 .0 9 .4 5 3 3 .5 2 .6 9 2 6 .6 0 .2 4 1.8 0 .8 8 6 .3 2 .6 5 1 8 .3
12 W esm aelius nervosus  (FABR.) 0 .0 6 0 .5 0 .0 3 0 .4 - - 0 .0 2 0 .2 - - - - 0 .0 2 0.1

13 W esm aelius mortoni (MCLACHLN.) 0 .0 2 0 .2 - - - - 0 .0 2 0 .2 - - - - 0 .0 1 0. 1
14 H em erobius hum ulinus  L. 0 .0 8 0 .6 0 .1 2 1.4 2 .0 0 7 .1 0 .0 9 0 .9 0 .1 0 0 .7 0 .0 5 0 .4 0 .4 1 2 .8
15 H ernerobius stig m a  STEPH. 1 .0 4 8 .4 1 .3 6 16 .2 0 .3 5 1.2 1 .5 6 1 5 .4 2 .2 3 16 .3 0 .7 8 5 .6 1 .2 2 8 .4
16 H em erobius pini STEPH. 0 .1 5 1.2 - - - - 0 .0 4 0 .4 - - - - 0 .0 3 0 .2
17 H em erobius fe n e s tr a tu s  TJED. 0 .0 2 0 .2 - - - - - - - - 0 .0 5 0 .4 0 .0 1 0.1
18 H em erobius atrifrons  MCLACHL. - - - - - - 0 .0 2 0 .2 - - - - + +

19 H em erobius n itidulus  FABR. 0 .1 6 1.3 0 .2 5 3 .0 1 .2 0 4 .2 0 .5 8 5 .7 0 .3 7 2 .7 1 .3 5 9 .6 0 .6 5 4 .5
2 0 H em erobius m icans  OLIV. - - - - - - - - 0 .0 7 0 .5 0 .0 5 0 .4 0 .0 2 0 .1
21 S y m p h e ro b iu s  fu sc e sc e n s  (WALL.) 0 .0 6 0 .5 0 .0 7 0 .8 - - - - - - - - 0 .0 2 0 .1
2 2 N oth o ch rysa ca p ita ta  (FABR) - - - - - - - - - - 0 .2 1 1 .5 0 .0 4 0 .3
2 3 N in e ta jla u a  (SCOP.) - - - - 0 .4 0 1.4 - - - - - - 0 .0 7 0 .5

2 4 Niixeta v itta ta  (WESM.) 0 .1 8 1 .5 0 .0 5 0 .6 - - - - - - - - 0 .0 4 0 .3
2 5 C hrysotropia ciliata  (WESM.) - - - - - - - - 0 .0 3 0 .2 0 .1 0 0 .7 0 .0 2 0 .2
2 6 C hrysopa  perlą  (L.) - - - - - - - - - - 0 .0 5 0 .4 0 .0 1 0 .1
2 7 C hryso p a p a llen s  (RAMB.) 0 .7 3 5 .9 0 .3 5 4 .2 - - 0 .4 7 4 .7 0 .1 0 0 .7 0 .4 2 3 .0 0 .3 5 2 .4

2 8 M allada p rasina  (BURM.) 2 .4 8 2 0 .1 0 .5 9 7 .0 2 .0 5 7 .3 0 .8 4 8 .3 0 .1 0 0 .7 1 .4 5 10 .3 1 .2 5 8 .6
2 9 M allada ventralis  (CURT.) 0 .2 6 2.1 - - - - - - - - 0 .1 0 0 .7 0 .0 6 0 .4
3 0 C hrysoperia  cornea  (STEPH.) 0 .1 6 1.3 0 .2 5 3 .0 1 .1 5 4.1 0 .1 0 1.0 0 .8 3 6.1 0 .6 2 4 .4 0 .5 2 3 .6
31 C unctochrysa  a lbolineata  (KILL.) 0 .3 7 3 .0 0 .0 4 0 .5 - - 0 .4 3 4 .3 0 .1 4 1 .0 0 .1 0 0 .7 0 .1 8 1 .2

T o ta l 1 2 .3 3 1 0 0 .0 8 .3 8 1 0 0 .0 2 8 .2 5 1 0 0 .0 1 0 .1 0 1 0 0 .0 1 3 .6 8 1 0 0 .0 1 3 .9 9 1 0 0 .0 1 4 .4 7 1 0 0 .0

N u m b e r  o f s p e c ie s 2 0 17 14 19 15 21 31
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Pine forests (Peucedano-Pinetum  and Leucobryo-P inetum )

31 species of Neuropteroidea were recorded from these  forests, includ ing  5 
RaphidiopLera and  26 Planipennia  species. The n u m b er of species in 
individual forests varied from 14 to 21 (Table VIII), and  qualita tive  sim ilarity  
ranged from 61 to 89% (Fig. 1).

The average abundance  of Neuropteroidea  in the  p ine fo rests equalled 
14.47, with the  ab undance  of m ost com m unities e ither sim ilar or only 
slightly lower th an  th is value. The only exception was the  Neuropteroidea  
com m unity  of Puszcza Kam pinoska, with an ab u n d an ce  twice a s  high as the 
average (Table VIII).

In the  whole m aterial, the class of eudom inan ts  consisted  of Coniopteryx  
parthenia  (19.1%), W esm aelius concinnus (18.3%) and  Raphidia xan thostigm a  
(16.7%). The class of dom inan ts was form ed by M allada p rasina  and  
H em erobius stigma, while the group of su bdom inan ts  com prised  Hem erobius 
nitidulus. Chrysoperla carnea. Raphidia notata. H em erobius hum ulinus. 
Parasem idalis fusc ipenn is, Raphidia ophiopsis. C hrysopa pallens. Innocelia 
crassicornis and  Cunctochrysa albolineata. The above species were also those 
w ith the h ighest constancy  of occurrence: except Parasem idalis fu sc ipenn is , 
recorded only from 4 areas, the  o thers were found in 5 to 6 of the  forests 
u nder study  (Table VIII). The accessory elem ent was rep resen ted  by 17 
species (4.3% of the  m aterial), the  m ost ab u n d a n t of which were Raphidia  
flavipes  and  Conventzia pineticola.

Pine forests

------------ 1

0 % 2 0 % 4 0 % 6 0 % 8 0 % 100 %

□ R. xanthostigma m C. parthenia
®W. concinnus ®M. prasina
□ others

Fig. 6. Proportions of the most important species of Neiuopteroidea communities in the pine forests: 
A - Puszcza Białowieska, B - Puszcza Biała, C - Puszcza Kampinoska, D - Bory Tucholskie,

E - Babimost, F - Roztocze.
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Unlike com m unities from the h ab ita ts  d iscussed  earlier, where 
eudom inan t positions were occupied by species of the  family Chrysopidae, it 
was Raphidiidae, ConiopLerygidae and  Hemerobiidae th a t prevailed in the 
pine forests. A nother characteristic  feature of the  com m unities of 
Neuropteroidea  in these  forests w as differences in the sh a res  of 
representatives of the three families. These were m ostly  due to fluc tuations 
in the  n um bers  of Raphidia xanthostigm a, W esm aelius concinnus and  
Coniopteryx parthenia  (Fig. 6).

The com m unities of Neuropteroidea from the  four pine forests (Puszcza 
Białowieska, Puszcza Biała, Puszcza Kam pinoska, Bory Tucholskie) s itua ted  
in n o rth e rn  Poland were characterized by h igher con tribu tions of Raphidiidae  
and H em erobiidae  th an  Coniopterygidae. The dom inan t species there  were 
Raphidia xanthostigm a  and  W esm aelius concinnus, and  locally also Raphidia  
notata. R. ophiopsis and  H em erobius stigm a  (Table VIII). The values of the  
index of s tru c tu ra l sim ilarity (Mo) ranged from 0.59 to 0.95. The h ighest 
s tru c tu ra l sim ilarity was recorded for the com m unities of Puszcza Biała and  
Bory T ucholskie (Fig. 2).

A different p icture was observed with the s tru c tu re s  of dom inance of 
Neuropteroidea  com m unities in the  pine forests of so u th -easte rn  and  s o u th ­
w estern  Poland (Roztocze, Babimost). There, the  m ost a b u n d a n t species was 
Coniopteryx parthenia, while the  proportions of species of the families 
Raphidiidae  and  Hemerobiidae  were considerably lim ited (Table VIII, Fig. 6). 
The index of s tru c tu ra l sim ilarity of these com m unities equalled 0.89.

Thus, Neuropteroidea  com m unities from the  pine forests u n d e r study  were 
show n to belong to one of two varian ts  of the  s tru c tu re  of dom inance. The 
sim ilarity betw een the two varian ts ranged from 0.12 to 0.43, with the  lowest 
values recorded for the Puszcza Białowieska com m unity, dom inated  by 
Raphidia xanthostigm a  and  the Babim ost forest com m unity, characterized  by 
an  exceptionally high proportion of Coniopteryx parthenia  (Fig. 2, Fig. 6).

H igher proportions of Raphidiidae  and  Hem erobiidae  in com parison with 
Coniopterygidae  were seen in Peucedano-Pinetum  forests (Puszcza 
Białowieska, Puszcza Biała, Puszcza Kam pinoska) and  in Bory Tucholskie, 
s itu a ted  on the border between the geographical ranges of the  Peucedano- 
Pinetum  and  the Leucobryo-Pinetum  varieties. On the  o ther hand , on sites 
rep resen ting  the typical Leucobryo-Pinetum  association (Babimost, Roztocze), 
the  dom inan t form was Coniopteryx parthenia.

A lthough there  were differences in ab undance  and  the  nu m b er of species 
betw een individual com m unities, these were no t high, considering  the 
situ a tio n  of the  study  sites in different regions of Poland. The general species 
diversity of the  com m unities was also sim ilar, H' ranging  from 2.87 to 3.23, 
w ith the  exception of the Babim ost forest Neuropteroidea  com m unity, where 
H' equalled 2.19. The actual species diversity of individual com m unities 
accoun ted  for 56-81%  of the potential diversity (H), the two param eters  being 
particu larly  close in com m unities from Puszcza Kam pinoska, Puszcza Biała, 
Roztocze an d  Bory Tucholskie (Table II).
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The species m ost closely associated  w ith pine forests an d  show ing very 
high indices of constancy  were: Innocelia crassicornis (W = 91%), Raphidia  
ophiopsis (89%), R. xanthostigm a  (87%), W esm aelius concinnus  (84%) and  
Parasem idalis fu sc ipenn is  (80%). Som ew hat sm aller constancy  values were 
ca lcu la ted  for H em erobius stigm a  (W=70%), H. nitidulus  (61%) and  
Conioptergx parthenia  (58%).

ANALYSIS OF SIMILARITY BETWEEN THE COMMUNITIES FROM THE STUDY FOREST'S

The n u m b er of Neuropteroidea  species recorded in the  various types of 
forest investigated varied betw een 26 and  31 (Table IX). Q ualitative sim ilarity  

* of the  neu rop tero fanuas of these  h ab ita ts  ranged from 56% to 84% (Table X). 
The m ost sim ilar species com positions were seen betw een the  pine forest and  
the  m ixed coniferous forest, which had  as m any as 26 species in com m on. 
The least sim ilar neu rop tero faunas to each o ther had  the  pine forest and  the 
linden-oak-hornbeam  forest, where only 17 comm on species were found to 
be com m on.

The following species were com m on to all the  four types of forest: Raphidia  
notata. R. xanthostigm a. Conioptergx parthenia. D repanopteryx phalaenoides. 
W esm aelius concinnus. W. nervosus. H em erobius hum ulinus. H. micans, 
N ineta Jlava. N. vittata. Chrysotropia ciliata. C hrysopa pallens. M allada  
prasina, M. ventralis. Chrysoperla cam ea  and  Cunctochrysa albolineata. The 
occurrence of those species accounted  for a generally high qualitative 
sim ilarity  betw een the Neuropteroidea  com m unities of the  forest h ab ita ts  
investigated  (mean S o r e n s e n  index of 69%).

The above species can be divided into three g roups with respect to the  
position  occupied in the  dom inance s tru c tu re  . The first group consisted  of 
extrem ely a b u n d a n t species, function ing  as eudom inan ts  in a t least one type 
of forest: Raphidia xanthostigm a. Conioptergx parthenia. W esm aelius
concinnus. Nineta Jlava. Chrysotropia ciliata. M allada prasina  and  
Chrysoperla cam ea. It was m ostly  owing to m arked  differences in the  
p roportions of these species th a t the  com m unities of Neuropteroidea  had  
considerably  diversified s tru c tu re s . The second group was com posed of 
m oderately  a b u n d a n t forms, u sua lly  c lassed  as subdom inan ts , m ore rarely 
as dom inan ts: Raphidia notata. H em erobius hum ulim is. N ineta vittata. 
C hrysopa pallens  and  Cunctochrysa albolineata. The th ird  group w as formed 
by th ree  species occurring in sm all n um bers  in all the  h ab ita ts : Hem erobius  
micans. W esm aelius nervosus  and  M allada ventralis.

Figure 2 p resen ts  the values of the Mo index, show ing the sim ilarity  of the 
s tru c tu re s  of dom inance of pa irs  of com m unities. The least sim ilar in 
s tru c tu re  were the com m unities from the pine forest on the  one h a n d  and  the 
linden-oak-hornbeam  forest (in its low and  com m on varieties) as well as the  
p ineless light oak forest on the other. The respective values of the Mo 
index ranged  between 0.01 and  0.11, which was due to the fact th a t the  
dom inan t species in deciduous forests (Nineta Jlava. Chrysotropia ciliata)
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Table IX. Mean abundance (n - index) and proportions (%) of particular species of Neuropteroidea in the
types of forests studied (+ - n<0.01)

F o re s t  ty p es
L in d e n -o a k -  

h o rb e a rn  fo res t L ig h t o a k  fo re s t
M ixed c o n ife ro u s  

fo re s t P in e  fo re s t

No S p e c ie s n % n % n % ri %

1 R aphid ia  ophiopsis ophiopsis L. - - 0 .0 5 0.1 0 .3 9 2 .7

2 R aphidia  Jlavipes  STEIN - - 0 .0 1 0.1 - - 0 .1 0 0 .7

3 R aph id ia  no ta ta  FABR. 0 .1 6 0 .4 0 .1 0 0 .7 1 .42 3 .5 0 .5 0 3 .5

4 Raphidia. major BURM. 0 .0 4 0.1 0 .0 1 0.1 - - - -

5 R aphidia  xan thostigm a  SC HUMM. + + 0.0 1 0.1 0 .3 5 0 .9 2 .4 1 1 6 .7

6 Inocellia crassicornis (SCHUMM.) - - - - 0 .0 2 0.1 0 .1 9 1.3

7 A leuropteryx loewii KLAP. - - - - 0 .0 4 0.1 0 .0 7 0 .5

S Coniopteryx tineifonnis  CURT. 0 .1 4 0 .4 - - - - - -

9 Coniopteryx borealis  TJED. 0 .0 2 0.1 - - - -

10 Coniopteryx parthenia  (NAV.et MARC.) 0 .0 2 0 .1 0 .0 1 0.1 2 .0 1 4 .9 2 .7 7 19.1

1 1 Coniopteryx haem atica  MC'LACHL. 0 .0 5 0.1 0 .0 1 0.1 - - - -

12 Parasem idalis fu sc ipetm is  (REUT.) - - - 0 .0 9 0 .2 0 .3 7 2 .6

13 Sem idalis aleyrodijorrnis (STEPH.) 0 .0 2 0 .1 0 .1 4 1.0 0 .0 6 0.1 - -

14 Conventzia  psociformis (ClIKT.) 0 .0 5 0 .1 0 .1 4 1.0 0 .0 4 0 .1 - -

15 Corwentzia pineticola  END. - - - - 0 .1 6 0 .4 0 .0 9 0 .6

16 D repanopteryx phalaenoides  L. 0 .0 4 0.1 0 .0 1 0.1 0 .0 6 0.1 + +

17 W esm aelius concinnus  STEPH. 0 .0 4 0.1 0 .2 1 1.4 0 .2 7 0 .7 2 .6 5 18 .3

18 W esm aelius quadrifascia tus  (REUT.) 0 .0 8 0 .2 - - - - - -

19 W esm aelius nervosus  (FARR.) 0 .0 4 0.1 0 .0 3 0 .2 0 .0 8 0 .2 0 .0 2 0.1

2 0 W esm aelius mortonl (MCLACHL.) - - 0 .0 4 0.1 0 .0 1 0.1

21 H em erobtus hum ulinus  L, 1 .0 4 2 .8 0 .7 8 5 .3 0 .9 7 2 .4 0 .4 1 2 .8

2 2 H em erohius stigm a  STEPH. - - 0 .0 2 0 .1 0 .5 1 1.3 1 .2 2 8 .4

2 3 H em erobius pini STEPH. - - - - 0 .0 4 0 .1 0 .0 3 0 .2

2 4 H em erobtus fe n es tra tu s  TJED. - - - - - - 0 .0 1 0.1

25 H em erobius atrifrons MCLACHL. 0 .0 7 0 .2 - - - - + +

2 6 H em erobius nitidulus  FABR. - - 0 .0 2 0 .1 0 .3 9 1.0 0 .6 5 4 .5

2 7 H em erobius inicans  OLIV. 0 .1 6 0 .4 0 .0 9 0 .6 0 .1 0 0 .2 0 .0 2 0.1

2 8 H em erobius m argtnatus  STEPH. + + - - - - - -

2 9 Sym pherob ius pygm aeus  (RAMR.) - - 0 .0 2 0.1 0 .0 4 0 .1 - -
3 0 Sym pherob ius elegans  (STEPH.) - - - - 0 .0 2 0.1 - -

31 Sym pherob ius Juscescens  (WALL.) - - - 0 .0 6 0.1 0  02 0.1

3 2 Sym pherob ius klapaleki ZEL. 0 .1 6 0 .4 0 .1 4 1.0 - - - -
3 3 N othochrysa  cap ita ta  (FABR.) - - - - - - 0.04 0 .3

3 4 N ine ta  J laea  (SCOP.) 7 .4 0 1 9 .8 4 .7 8 3 2 .5 0 .1 0 0 .2 0 .0 7 0 .5

3 5 N ine ta  v itta ta  (WESM.) 0 .8 3 2 .2 0 .7 1 4 .8 0 .6 3 1.6 0 .0 4 0 .3

3 6 N in e ta  inpuncta ta  (REUT.) 0 .0 4 0.1 - - - - -

3 7 Chrysotropia  ciUata (WESM.) 1 0 .6 4

IT00<N 1 .8 5 12 .6 0 .7 3 1.8 0 .0 2 0 .2

3 8 C.hrysopa per la  (L.) 0 .0 2 0.1 - - - - 0 .0 1 0 .1

3 9 C hrysopa dorsalis  BURM. - - - - 0  0 4 0 .1 - -
4 0 C hrysopa pallens  (RAMR) 0 .8 7 2 .3 0 .0 8 0 .5 1 .1 5 2 .8 0 .3 5 2 .4

41 M allada jlav ifrons  (BRAU.) - - 0 .0 2 0.1 - - - -
4 2 M allarla prasina  (BURM.) 5 .4 6 14 .6 1.81 12 .3 2 4 .0 0 5 8 .9 1 .2 5 8 .6

4 3 MalLada uentrails  (CURT.) 0 .1 6 0 .4 0 .2 0 1.3 0 .4 6 1.1 0 .0 6 0 .4

4 4 C hrysoperla  carnea  (STEPH.) 9 .2 4 2 4 .7 3 .3 5 2 2 .8 6 .6 0 16 2 0 .5 2 3 .6

4 5 C unctochrysa  allxAineata  (KILL.) 0 .6 0 1.6 0 .1 4 1.0 0 .2 1 0 .5 0 .1 8 1.2

T o ta l 3 7 .3 9 1 0 0 .0 1 4 .6 9 1 0 0 .0 4 0 .7 4 1 0 0 .0 1 4 .4 7 1 0 0 .0
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were reduced  to the role of m erely accesso iy  e lem ents in pine forests. A 
sim ilar role reversal was noted  in deciduous forests in the  case of dom inan ts  
from the pine forests (Raphidia xanthostigm a. Coniopteryx parthenia. 
W esm aelius concinnus. H em erobius stigma).

Table X. Similarity of species composition (So) and mean dominance structures (Mo) between communities 
of Neuropteroidea from the particular types of forests

Liiulen-oak-hornbeain 
forest________________

78 56

Light oak forest 0.89 74 63 So

Mixed coniferous forest 0.45 0.40 80

Pine forest 0.15 0.17 0.29

Mo

A un ique s tru c tu re  was also found in the  com m unities from the  mixed 
coniferous forests, bo th  w hen com pared with the pine forest Neuropteroidea  
com m unities and w ith the com m unities from the low and  typical linden-oak  - 
hom beam  forests, w ith Mo index values ranging from 0.08 to 0 .49 (Fig. 2). In 
the  m ixed coniferous forests, low ab u n d an ces  and  percentage sh a re s  were 
obtained  for species dom inan t in the  deciduous forests as well as  those 
dom inan t in the  pine forests (Table IX).

The m ixed coniferous forest Neuropteroidea  com m unities, on the  o ther 
hand , differed from the com m unities of the o ther forests owing to an 
extrem ely high proportion of M allada prasina. The species being a light- and 
w arm th-loving one and  show ing a preference for the  oak aphid, it w as not 
often seen in cool linden-oak-hom beam  forests or warm  pine forests. It had 
slightly h igher shares in the  com m unities inhab iting  the high linden-oak- 
hom beam  forest w ith an adm ixture  of pine a t Radziejowice, the  light oak 
forests with an adm ixture  of pine in B. Hryniewiecki Reserve and 
Radziejowice and  the  pine forest w ith an  adm ixture of oak in Puszcza 
Białowieska. As a resu lt, th e  dom inance s tru c tu re s  of of the m ixed coniferous 
forest Neuropteroidea  com m unities were quite sim ilar to the  s tru c tu re s  of the 
com m unities from these forests (Fig. 2).

Generally, the com m unities of Neuropteroidea from the light oak forests were 
m ost closely related structurally  to the com m unities from the linden-oak- 
hom beam  forests (Fig. 2). W hat m ade them  different was a lower proportion of 
the hygrophilous Chrysotropia ciliata in the light oak forests and a slightly lower 
proportion of the m esohygrophilous Nineta Jlava  there (Table IX).
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A com parison of averaged s tru c tu re s  of dom inance of the  com m unities 
from the forests u n d er investigation revealed the low est sim ilarity  of the 
neu rop tero faunas of the  pine forest and  the o ther types of forest. M edium 
values of the Mo index were obtained  w hen the n eu ro p te ro fau n a  of the  mixed 
coniferous forest was com pared to the  fau n a  from the linden -oak -hom beam  
forest and  the light oak forest. The g rea test s tru c tu ra l sim ilarity  w as seen in 
the case of the  neu rop tero faunas of the linden-oak-hornbeam  forest and  the 
light oak forest (Table X, Fig.7).

0% 20% 40% 60% 80% 100%

Fig. 7. Mean proportions of the most im portant species of Newopteroidea communities from the patricular
types of forests:

A - linden-oak-hombeam forest. B - light oak forest, C - mixed coniferous forest. D - pine forest;
1 -  Chrysotropia ciliata, 2 -  Nineta flava, 3 -  Mallada prasina, 4 -  Chrysoperla cam ea, 5 -  Coniopteryx 

parthenia, 6 -  Wesmaelius concinnus, 7 -  Raphidia xanthostigma, 8 -  others;

In the  linden-oak-hornbeam , light oak and  mixed coniferous forests, 
C hrysopidae  were the m ost a b u n d a n t group of n eu ro p te ran s , co nstitu ting  
from 83%  to 94% of the study  m aterial from these  h a b ita ts  (Table XI). A 
different p a tte rn  of num erical rela tions was observed in the  Nearopteroidea  
com m unities of the pine forests, where Chrysopidae  m ade up  less th an  18% 
of the  sam pling m aterial, m uch  less th an  rep resen ta tives of the fam ilies 
Raphidiidae. Coniopterygiidae and  Hemerobiidae. The average proportions of 
the represen ta tives of each of the  la tte r th ree fam ilies were quite sim ilar in 
the  pine forest, though one or ano th er could prevail locally (Table VIII).

The distinctive s tru c tu re  of the  neu rop tero fauna  in th e  pine forest 
observed w hen the com m unities were com pared to the com m unities from the 
o th er th ree  types of forest was also reflected in the  values of the species 
diversity index. Potential species diversity values (H), ob tained  by averaging 
d a ta  from all sites representing  the sam e type of forest, ranged  from 4 .70 to
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4.95, while the  values of the  index of actual species diversity (H'] equalled  
2 .25 for the  m ixed coniferous forest, 2 .70 for the linden -o ak -h o m b eam  
forest, 2.91 for the light oak forest and  3.58 for the pine forest. T h u s, in  the 
pine forest the  ac tual species diversity of Neuropteroidea w as the  h ig h es t and  
the  m ost sim ilar to the potential value (72% of H). In the o ther types of forest, 
ac tual species diversity was equal to 46-62%  of the respective po ten tia l 
diversity values (Table II).

Table XI. Contributions of the particular families of Neuropteroidea to the species composition and mean 
community abundance in the various types of forests (S - num ber of species, n - abundance index)

F o re s t  ty p es
L in d e n -o a k -h o rn b e a m  

fo res t L ig h t o a k  fo re s t M ixed c o n ife ro u s  fo re s t P in e  fo re s t

T a x o n o m ic  g ro u p s S 96 n 96 s 96 n 96 S 96 n 96 S 96 n 96

R aphidioptera

R aphidiidae 3 1 0 .7 0 .2 0 0 .5 4 15.4 0 .1 3 1.0 3 9 .7 1 .82 4 .5 4 1 2 .9 3 .4 0 2 3 .6

Inocelliidae - - - - - - - 1 3 .2 0 .0 2 0 .1 1 3 .2 0 .1 9 1.3

PLanipeimia

Coniopterygidae 6 2 1 .4 0 .3 0 0 .9 4 15.4 0 .3 0 2 .2 6 1 9 .4 2 .4 0 5 .8 4 1 2 .9 3 .3 0 2 2 .8

Hernerohiidae 9 3 2 .1 1 .6 4 4 .4 9 3 4 .6 1 .3 2 8 .9 12 3 8 .7 2 .5 8 6 .4 12 3 8 .7 5 .0 4 3 4 .7

C hrysopidae 10 3 5 .7 3 5 .2 5 9 4 .2 9 3 4 .6 1 2 .9 4 8 8 .0 9 2 9 .0 3 3 .9 2 8 3 .2 10 3 2 .3 2 .5 4 1 7 .6

T o ta l 2 8 1 0 0 .0 3 7 .3 9 1 0 0 .0 2 6 1 0 0 .0 1 4 .6 9 1 0 0 .0 31 1 0 0 .0 4 0 .7 4 1 0 0 .0 31 1 0 0 .0 1 4 .4 7 1 0 0 .0

PHENOLOGY AND SEASONAL DYNAMICS

The time of appearance, the  length of occurrence sp an  and  the  n u m b er of 
generations vary widely am ong lacewings, resu lting  in m arked  seasona l 
variations in species com position and  com m unity  abundance . In the  forests 
s tudied, the im agines of Raphidioptera  could be seen from May un til m id- 
Ju ly . Raphidia xanthostigm a  was caught earliest in the year and  w as followed 
by the appearance  of R. notata, R. ophiopsis, In.oceU.ia crassicornis and , lastly, 
R. Jlavipes. Species of the  family Chrysopidae  were m ainly found in sum m er, 
m ost of them  beginning to appear in J u n e  and  d isappearing  in A ugust. These 
n eu ro p te ran s  u sually  breed one generation per season, a second, less 
ab u n d an t, generation  appearing  only sporadically  and  u n d er particu larly  
favourable conditions. The only exception is Chrysoperla cam ea, w hich 
regularly  breeds two generations every year.

Species belonging to the families Coniopterygidae  and  H em erobiidae  
appear u sually  in May and  typically have m ore th a n  one generation  in one 
season, the n u m b er of generation depending actually  on the  w eather and  
ab undance  of food. The genus W esm aelius  is an  exception w ith a  one- 
generation-per-year lifestyle and  im agines appearing  as late as J u n e . In a 
n u m b er of low -abundance species, it is difficult to determ ine the n u m b er of 
generations. In the  case of some relatively a b u n d a n t species, e.g. H em erobius 
hum ulinus. H. stigm a  or H. nitidulus, two generations could generally be seen 
in the forests u n d er study.
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A com parison of the  n u m b er of species cought in each m on th  show s th a t 
in linden-oak-hornbeam  forests, light oak forests and  m ixed coniferous 
forest, Neuropteroidea were richest in species in J u n e  (before an  ab undance  
peak), while in the pine forest, the  h ighest nu m b er species could be seen  in 
Ju ly  (the end of the abundance  peak) (Fig. 8). It w as in these  m o n th s  th a t 
rare and  not num erous species would appear.

■ ■ ■  I n d iv id u a ls  —□ — s p e c ie s

in d iv id u a ls  —a — s p e c ie s

m r m  in d iv id u a ls  —a —  s p e c i e s

— I  in d iv id u a ls  —□ —  s p e c i e s

Pine forest
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%
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Light oak forest

IV V VI VII VIII IX X

% Linden-oak-hornbeam forest

Mixed pine forest

Fig. 8. Seasonal changes in the nubers  of species and  individuals of N europteroidea (percentage of 
the total m aterial collected in the types of forests studied

The dynam ics of seasonal changes of ab undance  in Neuropteroidea  
com m unities of the forests stud ied  depended p redom inantly  on the  m ost 
a b u n d a n t species in a  given hab ita t. In the  linden-oak-hornbeam  forests, 
light oak forests and  mixed coniferous forests, C hrysopidae  were the 
dom inan t group in term s of abundance , with Chrysotropia ciliata. Nineta  
Jlava  an d  Mallada prasina  being the m ost a b u n d a n t species. The seasonal 
dynam ics of Neuropteroidea  in the  linden-oak-hornbeam  forests and  m ixed 
coniferous forests was characterised  by low ab u n d an ce  in spring  (April-May), 
a su rge  in J u n e  and  a peak in Ju ly  (Figs 8 and  9). A sim ilar ab undance  
curve, if slightly less steep, could be plotted  for the  com m unities in the  light 
oak forests. Owing to a relatively high proportion of species of the  family 
Hemerobiidae, a surge in com m unity ab undance  could be seen there  as early 
as May, and  the  sum m er peak continued  th ro u g h o u t Ju ly  an d  A ugust (Figs 8 
and  9).
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Fig. 9. Seasonal changes in the num ber of individuals representing  particu la r families 
of Neiuopteroidea  caugh t in the types of forest studied: 1 -  Raphidiidae, 2 -  Coniopterygidcie,

3 -  Heme rob iidae, 4 -  Chrysopidae:

A different p icture  of seasonal changes in ab u n d an ce  was observed in the 
case of Neuropteroidea  com m unities from the pine forests. Following a surge 
in May, com m unity abundance  rem ained high in J u n e  and  J u ly  to decrease 
gradually  thereafter (Figs 8 and  9). Such a p a tte rn  of ab u n d an ce  dynam ics 
was due to high proportions of species of the families Raphidiidae, 
Coniopterygiidae and  Hemerobiidae. In spring (May and  the first half of 
June), the m ost im portan t species in those com m unities were Raphidia  
xanLhostigma, R. nolaia  and  the first generations of Coniopteryx parthenia, 
H em erobius stigm a  and  H. nitidulus. In sum m er the  m ost a b u n d a n t species 
were W esm aelius concinnus, Hemerobius stigm a  (the second generation) and  
M allada prasina.

Li^t oak forest
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FEEDING AND HABITAT REQUIREMENTS

The rela tionsh ip  of individual species of Neuropteroidea  with the  h ab ita t 
was determ ined  by recognizing the ir feeding, therm al and  m oisture  
requirem ents. The species recorded from the forests s tud ied  can basically  be 
classified in to  4 groups of species feeding on phytophages of 1) deciduous 
trees and  sh ru b s , 2) coniferous trees and  sh ru b s, 3) coniferous and  
deciduous trees and  sh rubs, 4) coniferous and  deciduous trees and  sh ru b s  
and herbaceous p lan ts.

The group of n eu rop te rans  preying on deciduous trees and  sh ru b s  
consisted  of 17 species (Table XII), accounting  for ha lf of the  species 
registered in linden-oak-hornbeam  forests and  light oak forests, and  nearly  
55-54%  of the  m ean num ber of individuals in these  h a b ita ts  (Table XIII). In 
the m ixed coniferous forests these  forms accounted  for nearly  a th ird  of the 
total n u m b er of species recorded there, b u t only 4.9%  of the  n u m b er of 
individuals, a percentage 11 tim es lower th an  in the linden-oak-hom beam  
forests and  light oak forests. In the pine forests the  share  of forms feeding on 
the phytophages of deciduous trees and  sh ru b s  was 19.4% of the  nu m b er of 
species and  only 2.3% of m ean com m unity abundance  (Table XIII).

The group of neu rop terans  feeding on phytophages of coniferous trees and  
sh ru b s  num bered  19 species (Table XII). These con tribu ted  the  m ost to the 
neu rop tero fauna  of the pine forests, where they accounted  for nearly  55% of 
the to tal nu m b er of species. In term s of m ean com m unity  ab u n d an ce  the ir 
share  w as 76.2% . In the mixed forests the  species belonging to th is  group 
accoun ted  for 45% of the  num ber of species and  only 10% of m ean 
com m unity  abundance . In the linden-oak-hornbeam  forests and  light oak 
forests they accounted  for about 20% of the total n u m b er of species and  had  
an insignificant share  in the  com m unities as far as ab u n d an ce  was 
concerned  (0.6% in linden-oak-hornbeam  forests, 1.9% in light oak forests) 
(Table XIII).

The group of Neuropteroidea feeding on phytophages of deciduous and  
coniferous trees and  sh ru b s  com prised 7 species (Table XII). W ith the 
exception of Nineta inpunctata, recorded only from the linden-oak-hom beam  
forests w ith an adm ixture of pine, the  o ther species were found in all types of 
forest s tud ied  and  accounted  for 19-25%  of the  species registered there. In 
term s of com m unity  abundance, the ir con tribu tion  was h ighest in the  m ixed 
coniferous forests (68,9%). In the  o ther forests they m ade up  18-21%  of 
m ean  com m unity  abundance  (Table XIII).

The m ost flexible group in term s of feeding hab its, preying on 
phy tophages of trees, sh ru b s  and  herbaceous p lan ts, consisted  only of 2 
species: Chrysoperla caraea  and  Chrysopa perla. The o ther w as occasionally 
seen  only in the linden-oak-hornbeam  forests. Ch. cam ea  w as found in all 
th e  types of forests studied, b u t its proportions in com m unities varied 
m arkedly: from 25% in the linden-oak-hornbeam  forests to less th an  4% of 
m ean  com m unity  abundance  in the pine forests (Table XIII).
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Table XII. Zoogeographical and ecological characterization of Newopteroidea species; 
the zoogeographical elements: C - Cosmopolitan, H - Holarctic, P - Palaearctic,

ES - Euro-Siberian, E -European,SM - Submediterranean; 
types of vegetation: C - coniferous trees, D - deciduous trees, H - herbaceous plants; 
therm al requirements: T - thermophilous, C - cold-loving, N - non-spccified; 
moisture requirements: X - xerophilous, M - mesohygrophilous, H - hygrophilous

E le m e n ts E co lo g ica

No S p e c ie s Z o o g e o g rap h ic a l
T y p es  of 

v e g e ta t io n
T h e rm a l

r e q u ir e m e n ts
M o is tu re

r e q u i r e m e n ts

1 R aphid ia  ophiopsis ophiopsis L. E u ro -S ib e r ia n C T X

2 R aph id ia  Jlcwipes  STEIN S u b m e d ite r r a n e a n C T X

3 R aphid ia  no ta ta  FABR. E u ro p e a n CD T M

4 R aphid ia  major BURM. S u b m e d ite r r a n e a n D T M

5 R aphid ia  xan thostigm a  SCHUMM. E u ro -S ib e r ia n C T X

6 Inocellia crassicornis  (SCHUMM.) E u ro -S ib e r ia n C T X

7 Aleuropteryx loewii KLAP. S u b m e d ite r r a n e a n C T M

8 C oniopteryx ttneiform is  CURT. H o la rc tic D N M

9 Coniopteryx borealis TJED. S u b m e d ite r r a n e a n D T M

10 C oniopteryx parthen ia  (NAV.et MARC.) E u ro -S ib e r ia n C N M

1 1 C oniopteryx hnem alica  MCLACHL. S u b m e d ite r r a n e a n D T M

12 Parasei n id a lis  fu sc ip en n is  (REUT.) H o la rc tic C T X

13 Sem idalis aleyrcxliformis (STEPH.) P a la e a rc t ic D T M

14 Conuentzia  psrxiform is  (CURT.) H o la rc tic D T M

15 Conuentzia  pineticola  END. H o la rc tic C T M

16 D repanopteryx phalaenoides  L. E u ro -S ib e r ia n D T M

17 XVesmaelius concinnus  STEPH. E u ro -S ib e r ia n C T X

18 W esm aelius ą u a d rija sd a tu s  (REUT.) E u ro -S ib e r ia n C C H

19 W esrnaelius nenrosus  (FABR.) E u ro -S ib e r ia n D C N M

2 0 W esm aelius mortoni (MCLACHL.) E u ro -S ib e r ia n C T X

21 H em erobius hum ulinus  L. H o la rc tic DC N M

2 2 liem erob ius stigm a  STEPH. H o la rc tic C T X

2 3 H em erobius pini STEPH. E u ro -S ib e r ia n C C H

2 4 H em erobius fe n e s tr a tu s  TJED. E u ro -S ib e r ia n C N M

2 5 H em erobius atri/rons  MCLACHL. E u ro -S ib e r ia n C C H

2 6 H em erobius nitidulus  FABR. E u ro -S ib e r ia n C T X

2 7 H em erobius m icans  OLIV. E u ro -S ib e r ia n D N M

2 8 Hem erobius m arginatus  STEPH. E u ro -S ib e r ia n D N H

2 9 Sym pherobius pygm aeus  (RAMB.) S u b m e d ite r r a n e a n D T M

3 0 Sym pherob ius elegans  (STEPH.) S u b m e d ite r r a n e a n D T M

31 Sym pherob ius f i iscescens  (WALL.) E u ro -S ib e r ia n C T X

3 2 Sym pherobius klapaleki ZEL. S u b m e d ite r r a n e a n D T M

3 3 Nothochrxjsa cap ita ta  (FABR.) S u b m e d ite r r a n e a n C T X

3 4 N ine ta  J la va  (SCOP.) E u ro -S ib e r ia n D N M

3 5 N ineta  u itta ta  (WESM.) E u ro -S ib e r ia n D N M

3 6 N ine ta  inpunc ta ia  (REUT.) E u ro p e a n DC T M

3 7 Chrysotropia ciliata  (WESM.) E u ro -S ib e r ia n D C H

3 8 C hrysopa perla  (L.) E u ro -S ib e r ia n HDC N M

3 9 ChrysofKi dorsalis  BURM. S u b m e d ite r r a n e a n C T X

4 0 C hrysopa pollens  (RAMB.) P a la e a rc t ic DC T M

41 M allada Jim  irons  (BRAU.) S u b m e d ite r r a n e a n D T M

42 M allada p rasina  (BURM.) P a la e a rc t ic DC T M

4 3 M allada ventralis  (CURT.) E u ro p e a n DC N M

4 4 Chrysoperla c a m ea  (STEPH.) C o sm o p o li ta n H D C N M

4 5 Currctochrysa alljolineata  (KILL.) E u ro -S ib e r ia n D N M
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Among the species feeding on phytophages of bo th  coniferous and  
deciduous trees, Raphidia notata  and Chrysopa pattens  were m ore ab u n d a n t 
on coniferous trees (larches and pines), while H em erobias hum ulinus. 
W esm aelius nervosus. M allada ventralis and  M. prasina  occurred m ore 
num erously  on deciduous trees, the la tte r two being particu larly  a b u n d a n t 
on oaks.

With respect to their m oisture requirem ents, the  Neuropteroidea  were 
classified into hygrophilous, m esohygrophilous and  xerophilous elem ents 
(Table XII). The hygrophilous elem ent was represen ted  by 5 species, w ith 
only Chrysotropia ciliata occurring in abundance . It reached  its h ighest 
proportions in com m unities in the linden-oak-hornbeam  forests (28.9% on 
average), and  in the light oak forests (12.6% on average). In the  mixed 
coniferous forests its m ean percentage contribu tion  did no t exceed 2% and  in 
the pine forests it was found occasionally (Tables IX and  XIII).

Table XIII. Mean contributions of the particular ecological elements for Neuropteroidea communities in 
the studied types of forests (S - num ber of species, n - abundance index)

F o re s t  ty p es
L in d e n -o a k -h o rn b e a m

fo re s t L ig h t o a k  fo re s t
M ixed c o n ife ro u s  

fo res t P ine  fo re s t

E co log ica l e le m e n ts S n % S n 96 S n % S n 96

S p ec ie s  a s o c ia te d  w ith: 
d e c id u o u s  t re e s 14 2 0 .1 5 5 3 .9 13 8 .0 6 5 4 .9 10 1 .9 9 4 .9 6 0 .3 3 2 .3
c o n ife ro u s  tre e s 5 0 .21 0 .6 6 0 .2 8 1.9 14 4 .0 7 1 0 .0 17 1 1 .0 2 7 6 .2
d e c id u o u s  a n d  c o n ife ro u s  tre e s 7 7 .7 8 2 0 .8 6 3 .0 0 2 0 .4 6 2 8 .0 8 6 8 .9 6 2 .5 9 1 7 .9
tre e s  a n d  h e rb s 2 9 .2 5 2 4 .7 1 3 .3 5 2 2 .8 1 6 .6 0 16 .2 2 0 .5 3 3 .6

H y g ro p h ilo u s  s p e c ie s 4 1 0 .8 0 2 8 .9 1 1 .8 5 12 .6 2 0 .7 7 1.9 3 0 .0 5 0 .4
M eso h y g ro p h ilo u s  sp e c ie s 2 2 2 6 .5 5 7 1 .0 21 1 2 .3 8 8 4 .3 19 3 8 .1 5 9 3 .6 16 6 .3 6 4 4 .0
X e ro p h ilo u s  s p e c ie s 2 0 .0 4 0.1 4 0 .4 6 3.1 10 1 .8 2 4 .5 12 8 .0 6 5 5 .6

T h e rm o p h ilo u s  s p e c ie s 1 1 6 .7 6 18.1 15 2 .7 4 18 .7 2 0 2 8 .8 1 7 0 .7 17 9 .8 1 6 7 .8
O th e rs 17 6 0 .6 8 8 1 .9 1 1 1 1 .9 5 8 1 .3 1 1 1 1 .93 2 9 .3 14 4  66 3 2 .2

The xero thennal species group included 12 species. In the  pine forest 
com m unities, th is  group num bered  12 species and  accounted  for nearly  56% 
of individuals; in the mixed forests, despite an only slightly sm aller n u m b er 
of species (10), the  com m unity share of its individuals was only 4.5%. In the 
linden-oak-hornbeam  forests and the light oak forests these  forms 
con tribu ted  insignificantly to com m unity ab undance  (Tab XIII).

The rem aining 28 species were m esohygrophilous forms. They formed the 
core of the  com m unities in the linden-oak-hornbeam  forests, light oak forests 
and m ixed coniferous forests. They had  a low abundance  in  the pine forests 
(Tabel XIII). The m ost ab u n d an t species in th is  group were Nineta Jlava  and 
Mallada prasina.

Of the 45 species of neu rop terans recorded from tree canopies in the  
forests u n d er study, 28 (62%) are therm ophilous form s (Table XII). The 
grea test n u m b er of therm ophilous species were found in the  mixed 
coniferous forests (20) and  the pine forests (17), w ith the ir respective m ean  
com m unity sh a re s  equalling 71% and 68% (Tabel XIII).

In the linden-oak-hornbeam  forests, the  largest n u m b er of therm ophilous 
species occurred in the  high linden-oak-hornbeam  forest, and  the  sm allest,
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in the low variety. On the  whole, 11 therm ophilous species were noted  to 
occur in th is  h ab ita t and  the ir share  in m ean com m unity  ab u n d an ce  
approxim ated 18%). In the  light oak forest 15 therm oph ilous species were 
found, the ir total share  being still not m uch  higher (Tabel XIII).

Generally, it can be said  th a t the  prevailing forms in the Neuropteroidea  
com m unities of the  linden-oak-hornbeam  forests were m eso- and  
hygrophilous and  had  m oderate or insignificant therm al requ irem en ts. The 
light oak forest com m unities had  a h igher proportion of m esohygrophilous 
forms and  fewer hygrophilous ones, in com parison to the  p rev ious type of 
forest, as well as a  slightly h igher proportion of therm o- an d  xerophilous 
forms. In the m ixed coniferous forest, m esohygrophilous and  therm oph ilous 
form s occurred in abundance , while xero- and  therm ophilous form s prevailed 
in the  pine forests.

ZOOGEOGRAPHICAL ANALYSIS

The Neuropteroidea  recorded from the study  forests belonged to 6 
zoogeographical elem ents: cosm opolitan, Holarctic, Palaearctic, Euro-
Siberian, E uropean  and  S ubm editerranean  (Table XII). In com m unities in the  
various types of forest, the core of the com m unity  was form ed by Euro- 
S iberian elem ents, accounting  for 39 to 58% of the to tal n u m b er of species 
(Table XIV). The m ost a b u n d a n t representatives of th is  zoogeographical 
elem ent were Nineta flava , Chrysotropia ciliata, R aphidia xan thostigm a  and  
W esm aelius concinnus , the first two of which dom inated  in linden-oak- 
hornbeam  forests and  light oak forests, while the  o ther two prevailed in pine 
forests. In the  above th ree types of hab ita t, the  E uro-S iberian  elem ents 
accounted  for 46-53%  of m ean com m unity abundance . The p ictu re  changed  
in the m ixed coniferous forest, where despite a large n u m b er of Euro- 
S iberian  species their abundance  accounted  for only 7.7%  of m ean  
com m unity  abundance . The prevailing group in th is  associa tion  w as the  
Palaearctic elem ent, represen ted  by nearly 67% of the  to ta l n u m b er of 
individuals. The m ost ab u n d a n t Palaearctic species there  were M allada  
prasirxa and  Coniopteryx parthenia.

In respect of the  num ber of individuals, the Palaearctic e lem ent was in the  
second place (alter the  Euro-S iberian  one) in Neuropteroidea  of th e  pine 
forest (30.2%). Its shares  in the  linden-oak-hom beam  forest and  light oak 
forest com m unities were also fairly significant (from 14% to 17%) (Table XIV).

Of the 6 Holarctic species, the num ber found in a given type of forest ranged from 
3 (linden-oak-hombeam forests and light oak forest) to 5 in mixed coniferous forests. 
Their abundance was 3.3% (linden-oak-hombeam forest) to 14.4% (pine forest) of 
total community abundance (Table XIV). The most important species of this group 
were Hemerobius humuLinus and H. stigma, the latter, due to its ecological bond with 
the coniferous biome, occurred abundantly only in the pine forests.
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Table XIV. Zoogeographical composition of the Newopteroidea communities in the types of forests
studied

F o re s t  ty p es
L in d e n -o a k -h o rn b e a m

fo re s t L ig h t o a k  fo re s t M ixed c o n ife ro u s  fo re s t P in e  fo re s t

Z o o g eo g rap h ica l
e le m e n ts S % n % S % n % vS % n % S % n %

C o sm o p o li ta n 1 3 ,6 9 ,2 4 2 4 .7 1 3 .8 3 ,3 5 2 2 .8 1 3 .2 6 .6 0 1 6 .2 1 3 .2 0 ,5 2 3 ,6
H o la re tlc 3 10 .7 1 .2 3 3 ,3 3 1 1,5 0 ,9 4 6 ,4 5 16.1 1 .7 7 4 ,3 4 12 .9 2 ,0 9 14,4
P a la e a rc t ic 4 14.3 6 .3 7 17 ,0 4 15.4 2 .0 4 13 .9 4 12 ,9 2 7 .2 2 6 6 ,9 3 9 .7 4 ,3 7 3 0 .2
E u ro -S ib e r ia n 13 4 6 ,4 1 9 .9 2 5 3 ,3 10 3 8 ,5 7 .8 5 5 3 .4 15 4 8 ,4 3 .1 3 7 .7 18 5 8 .0 6 .7 2 4 6 ,4
E u ro p e a n 3 10 .7 0 .3 6 1,0 2 7 .7 0 .3 0 2,1 2 6 .5 1 .8 8 4 ,6 2 6 .5 0 ,5 6 3 .9

S u b m e d ite r r a n e a n 4 14 ,3 0 .2 7 0 .7 6 23 ,1 0 ,2 1 1,4 4 1 2 ,9 0 ,1 4 0 ,3 3 4 .7 0 .2 1 1 ,5

The shares of the E uropean elem ent in term s of the  nu m b er of species 
were sim ilar in  every type of forest studied, while its ab undance  shares  were 
m uch  higher in coniferous th an  deciduous forests. The m ost a b u n d a n t of the  
E uropean species, Raphidia notata  and  MaUada ventralis . reached  the ir 
ecological optim um s in the mixed coniferous forest.

Chrysoperla cam ea  was the only representative of the cosm opolitan 
elem ent. It showed a distinctive preference for deciduous trees, being only 
sporadically caught in the canopies of pine trees. Its m ean  proportion in the  
linden-oak-hornbeam  forest was 24.7% , b u t it fell to only 3.6%  in the pine 
forests.

The Subm editerranean  elem ent, despite accoun ting  for nearly  a  fourth  of 
all the  species recorded in the  study  forest, was num erically  insignificant. 
Most species belonging to th is group were found in the light oak forests, w ith 
S y m p h e r o b i iL S  k l a p a l e k i ,  an in h ab ita n t of light oak forests and  th inned  
linden-oak-hornbeam  forests, being the m ost a b u n d an t.

SUMMARY

A total of 45 species of N ew opteroidea  were caugh t in the tree canopies of 
the  stu d y  forests, which equals abou t 50% of Polish neu rop te rans . The core 
of the  neu rop tero fauna was form ed by Euro-S iberian  species (44% of 
species), alm ost 60% of which rep resen ted  the family Hemerobiidae, 25% 
belonged to Chrysopidae  and  15% to Raphidioptera. The Subm ed iterranean  
elem ent was also num erous, grouping nearly  25% of the  species recorded, 
w hich, however, did no t usually  occur in abundance  in the forests u n d e r 
investigation.

L inden-oak-hom beam  forests (Tilio-Carpinelum), pine forests (Peucedano- 
Pinetwn) as well as mixed coniferous forests (Querco roboris-Pinetum) are 
w idespread in  subcon tinen ta l a reas in Central as well as in E aste rn  Europe. 
The study  plots s itua ted  in these  h ab ita ts , and  those  situ a ted  in light oak 
forests, were located in central and  n o rth -easte rn  Poland, in the 
su b con tinen ta l clim ate zone. The percentage of the  E uro-S iberian  elem ent 
am ong n eu ro p te ran s  inhabiting  forests s itu a ted  in th is  clim atic zone is 
probably higher th an  in the m u tua lly  supersed ing  forest associations
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s itu a ted  w ithin the A tlantic clim ate zone, as ind icated  by the resu lts  
ob tained  in the  pine forests (Leucobryo-Pinetum) in B abim ost (western 
Poland) and  Roztocze (eastern Poland), where the E uro-S iberian  species were 
less a b u n d an t, while the Palaearctic species occurred in greater num bers. A 
h igher proportion of certain  M editerranean species (such as Raphidia  
jlavipes) could also be seen there.

The neu rop tero faunas of the  study  forests tu rn e d  out to be rem arkably  
sim ilar, in term s of bo th  species richness and  species com position. O ut of 
the  average n u m b er of 30 species found in each hab ita t, there  were 16 
com m on species, and  m ean species com position sim ilarity was 89%. S uch  a 
high faunal sim ilarity was m ainly due to the  extensive occurrence of species 
exhibiting m arked  ecological resilience, capable of surviving in different types 
of forest. It w as also b rough t abou t by sp o n tan eo u s exchanges of species 
betw een the hab ita ts . Such  exchanges were possible owing to the fact th a t 
these  types of forest are am ong the m ost w idespread in the  Polish lowland 
and  often lie ad jacen t to one another. Still, as some of the  com m on species 
reach  the ir ecological optim um s in one of the  study  forest types and  are less 
a b u n d a n t or sporadically found in the  others, individual com m unities 
displayed different s tru c tu re s  of dom inance. Visibly d istinc t dom inance 
s tru c tu re s  were seen in the  com m unities of linden-oak-hornbeam  forests, 
m ixed coniferous forests and  pine forests. Chrysotropia ciliata and  Nineta  
/ Lava were characteristic  dom inant species in the linden-oak-hom beam  
forest; M allada prasina  in the  mixed coniferous forest and  Raphidia  
xanthostigm a, Coniopteryx parthenia  and  W esm aelius concinnas. The above- 
m entioned  species occupied eudom inan t positions in the s tru c tu re s  of 
a b undance  of the ir com m unities and  were rem arkably co n stan t (W > 50%) in 
the ir hab ita ts . No such  species were identified in the  light oak forest, which 
was probably a ttribu tab le  to the  fact th a t th is  p lan t alliance occurs locally in  
Poland, ou tside the dense area  of the  syntaxon (M edwecka-Kornaś 1977). 
This resu lts  in light oak forest plots, u sually  sm all in area, being inhab ited  
by in sects  pene tra ting  from the neighbouring  hab ita ts . Generally, the light 
oak forest com m unity  of Neuropteroidea w as sim ilar to the  com m unity  from 
the  linden-oak-hornbeam  forest.

The resu lts  of the  stu d ies  m ake it possible to d iscern  th ree m ain  types of 
dom inance s tru c tu re  of Neuropteroidea  com m unities, specific to: 1) the 
deciduous forest, 2) the m ixed oak-pine forest, 3) the  pine forest. V ariants of 
the  type-specific dom inance s truc tu re , related  to local variations in h ab ita t 
conditions -  could be seen in Neuropteroidea  com m unities from the plots of 
linden-oak-hom beam  forest, light oak forest and  m ixed coniferous forest. In 
pine forests, w ith their two variations (subcontinen tal and  suboceanic), two 
varian ts  of the dom inance s tru c tu re  can be d istingu ished  which are probably 
related  to regional varia tions in the occurrence of certa in  species.

Trophic relations betw een species of Neuropteroidea  and  th e ir 
phy tophagous prey p resen ted  them selves as associa tions with particu la r 
types of vegetation. Dietary preferences of individual species, com bined w ith 
the ir abiotic requ irem ents and  phenology, provide good g rounds for
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differentiating two groups of Nearopteroidea: one associa ted  with coniferous 
tree species and  one preferring deciduous trees. The species belonging to 
each of these groups differ in ecological resilience, owing to which the 
qualitative and  quantita tive  s tru c tu re  of a  given com m unity  can be shaped  
by the conditions prevailing in a given phytocoenosis.

In m ost p a rts  of Europe, linden-oak-hornbeam  forests are clim ax 
associations. They grow in a wide range of h ab ita ts  differing in  the  type of 
soil, soil fertility and  w ater relations, and  are spatially and  ecologically linked 
with a lm ost every type of na tu ra l forest association found in the  C entral 
E uropean  Lowlands, including light oak forests and  m ixed coniferous forests. 
In term s of flora and  hab ita t, the m ixed coniferous forest is related  to the 
therm oph ilous oak forest and the poorer varieties of the  linden-oak- 
hornbeam  forest on the one hand, and  to the pine forest on the o ther 
(Matuszkiew icz  1981). Thus, the types of forest s tud ied  form a con tinu ity  of 
h a b ita ts  along a grad ien t of hab ita t conditions. This helped to com pare the 
s tru c tu re s  of Nearopteroidea com m unities and  describe changes in these 
com m unities related to the species com position of the  s tan d  and  the  forest's 
m icroclim ate. In the two trophic groups d istinguished , the  changes were as 
follows: in the linden-oak-hornbeam  forest and  the light oak forest, the 
grea test num ber of species and individuals rep resen ted  n eu ro p te ran s  
developing only on deciduous trees, shade- and  m oisture-loving. In the 
m ixed coniferous forest, both  the hygrophilous and  xerophilous elem ents 
were less abun d an t, while the  prevailing forms were m esohygrophilous and 
therm oph ilous and  associated  m ainly with deciduous tree species. In the 
pine forest, on the o ther hand , the  m ajority of species and  individuals 
rep resen ted  xerophilous forms feeding on the en tom ofauna of coniferous 
trees.

As far as h ab ita t requirem ents are concerned, the  m ixed coniferous forest 
differs considerably both  from the linden-oak-hornbeam  forest and  the pine 
forest. It is e ither no t penetrated  at all or inhab ited  by veiy sm all n um bers  of 
the  species dom inant in linden-oak-hornbeam  forests (Chrysotropia ciliata 
and  Nineta Jlava) or those dom inant in pine forests (R aphidia xanthostigm a  
and  W esm aelius concinnas). The above are E uro-S iberian  forms with a small 
abiotic tolerance scope. In the mixed coniferous forest, the  dom inan t species 
of Nearopteroidea  was the Palaearctic M allada prasina. It found optim um  
ecological conditions in th is  habitat, b u t would also pene trate  into linden- 
oak-hornbeam  forests and  light oak forests with an  adm ixture  of pine. For 
Nearopteroidea , the  mixed coniferous forest is a transito ry  hab ita t, a link 
betw een linden-oak-hornbeam  forests and  pine forests. The m ixed coniferous 
fo rests u n d e r s tudy  were inhabited  by species typical of the two form ations 
m en tioned  above, b u t they had  the ir own "leader" species pecu liar to th is  
type of forest, whose ecological characteris tics  placed it in betw een the 
species dom inant in the deciduous forests and  the pine forest.

The indices H' and  J  (Table II) show  the degree of s tru c tu ra l uniform ity in 
Nearopteroidea  com m unities, and can be indirectly applied to the  whole 
aph idophagous link in  the phytocoenoses investigated. A com parison of the
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m ean values of these  indices shows th a t the  m ost stable com m unity  w as th a t 
of the  pine forest, the deciduous com m unities (light oak forest an d  linden- 
oak-hornbeam  forest) had  a m edium  stability  level while the  mixed 
coniferous forest Nearopteroidea  com m unity  was the least stab le. The 
difference in s tru c tu ra l param eters betw een the  pine forest com m unities of 
n eu ro p te ran s  on the  one han d  and  the deciduous Nearopteroidea  
com m unities on the o ther stem s from the existence of two trophic  groups 
and  the different principles according to which they function.

In the  group feeding on phytophages of deciduous trees, the  m ain  role was 
played by species of the  family Chrysopidae, whose im agines feed on the 
honey-dew  of aphids. The species would appear a t nearly  the sam e tim e b u t 
were differentiated spatially  due to differences in m oistu re  and  tem pera tu re  
to lerance. The m ost hygrophilous species, Chrysotropia ciliata, w as dom inan t 
only in the rem arkably  shady and  m oist plots of the  linden-oak-hom beam  
forest. In slightly th inned  forests its position in a com m unity w as tak en  over 
by Nineta flava . In forests and  woods with a scattered  tree s tand , Nineta Jlava  
w as superseded  by M allada prasina.

Species feeding on the fau n a  of coniferous trees p resen ted  a different 
pa tte rn . Pine forests are a  hom ogeneous h ab ita t in term s of the  species 
com position of the  s tan d  and  m icroclim atic conditions; they were inhab ited  
m ostly  by n eu ro p te ran s  preferring the en tom ofauna of pine trees as th e ir 
prey. The n iches of the  species belonging to th is  association  type overlap to a 
considerable extent. As a resu lt there is strong  com petition betw een them  
w hich considerably affects the positions of species in the  dom inance 
s tru c tu re . Species of the  families Coniopterygidae. Hem erobiidae  and  
Raphidiidae, dom inan t in the  pine forest, differ in the  size of th e ir  im agines, 
which, like the  larvae, are p redators. Therefore, w henever there  w as a 
shortage of food, sm aller n eu ro p te ran s  were likely to be elim inated by bigger 
ones. Thus, the  position of a  species in the  s tru c tu re  of dom inance depended 
to some extent on the size of the  body.

A greater diversity m eans longer trophic chains and  m ore in stan ces  of co­
existence (com petition, parasitism , predation, etc) as well as m ore potential 
for the zoocoenosis being regulated  by negative feedback th a t  reduces 
oscillations and  consequently  s tren g th en s the stability  of the system  (O dum 
1982). These re la tionsh ips were also confirm ed by the  resu lts  of th is  study . 
G reater oscillations in ab undance  and  less stab le com m unities were seen  in 
linden-oak-hornbeam  forests in com parison to pine forests (especially the  
Peucedano-Pinetum  variety). In linden-oak-hornbeam  forests, elim ination of 
im agines th rough  feeding com petition betw een species was im possible. In 
larvae the phenom enon occurred on a small scale. In pine forests such  
elim ination w as observed in bo th  developm ent stages.

In th is  paper, the  descrip tion of the  forest neu rop tero fauna  w as narrow ed 
down to the  n eu ro p te ran s  of tree canopies, the  least-know n layer so far. 
Among the few papers on num erical relations betw een n eu ro p te ran  species, 
there  is a paper by B erndt  (1984) discussing  the  n eu rop tero fauna  of the Bory 
T ucholskie forest complex. In he r work, the  a u th o r used  o ther m ethods to
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collect their m ateria ls and limited the ca tches to the understo rey  and  the 
lover p a rts  of tree canopies. Therefore, it is difficult to com pare or in te rp re t 
he* resu lts .

The p icture  of the s tru c tu re  of the neu rop tero fauna  of a m ixed coniferous 
for;st in Bory Tucholskie provided by BERNDT differs from the descrip tion 
presented in th is  paper by virtue of a  com plete absence of M allada prasina  
a n l  a very high proportion of Hemerobius micans, the  second m ost ab u n d a n t 
species after Chrysoperla carrtea.

N europterans developing on trees in terac t also with the fau n a  of sh ru b s, 
b u  individual species m ay have different preferences in th is  respect as well, 
as indicated  by the d issim ilar da ta  m entioned  above. In order to elucidate 
these inconsistencies completely, special s tud ies  over vertical d istribu tion  of 
nearop terans in forests m u st be carried out.
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STRESZCZENIE

[Tytuł: Analiza porównawcza s tru k tu ry  zgrupow ań siatkoskrzydłych
(Neuropteroidea) koron drzew w grądach, św ietlistych dąbrow ach, borach  
m ieszanych i borach  świeżych]

Praca je s t  syntezą badań  prowadzonych w latach  1976-1987 nad  
Neuropteroidea  koron drzew czterech typów lasów charakterystycznych  dla 
niżowo-wyżynnej części Polski: grądów subkon tynen ta lnych  (TiLio-
Carpinetum), św ietlistych dąbrów  (Potentillo albae-Quercetum), borów 
m ieszanych (Querco roboris-Pinetum) i borów sosnow ych świeżych 
(Peucedano-Pinetum  i Leucobryo-Pinetum ; związek Dicrano-Pinion). W szystkie 
badane  grądy (4 stanow iska), dąbrowy (3 stanow iska) i bory m ieszane (3 
stanow iska) znajdow ały się na  Nizinie Mazowieckiej, n a tom iast boiy  świeże (6 
stanow isk) były rozm ieszczone n a  Nizinie Mazowieckiej, Podlasiu, Pojezierzu 
Pom orskim, Nizinie W ielkopolsko-Kujawskiej i Roztoczu. Odłowy prow adzono 
w drzew ostanach dojrzałych lub dojrzewających przy użyciu żółtych m isek. 
Zebrany m ateria ł liczy 10.280 im agines 45 gatunków .

W pracy omówiono i porów nano skład gatunkow y, s tru k tu ry  dom inacyjne, 
przebieg dynam iki sezonowej oraz ekologiczny i zoogeograficzny profil 
zgrupow ań siatkoskrzydłych.

N europterofauny badanych  zbiorowisk leśnych okazały się w dużym  
stopn iu  podobne do siebie pod względem składów  gatunkow ych. W śród około 
30 (26-31) gatunków  wykazanych w lasach  poszczególnych typów aż 16 było
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wspólnych (Tab. IX), a średnie podobieństw o jakościow e (wg wzoru 
Sórensena) zawierało się w granicach 56-84%  (Tab. X). Zgrupow ania 
siatkoskrzydłych z lasów poszczególnych typów różniły się na tom iast między 
sobą struk tu ram i dom inacyjnym i. W skaźnik podobieństw a s tru k tu r  
dom inacyjnych (wg wzoru Morisity) siatkoskrzydłych z lasów  poszczególnych 
typów w ahał się w zakresie 0 ,15-0 ,89  (Tab. X). W yraźnie odrębne s tru k tu ry  
dom inacyjne, miały Neuropteroidea  grądu, boru  m ieszanego i boru  
sosnowego świeżego (Fig. 7). W grądzie gatunkam i dom inującym i były 
Chrysotropia ciliata i Nineta flaua, w borze m ieszanym  -  M allada prasina , a  w 
borze świeżym -  Raphidia xanthostigm a , Coniopteryx parthenia  i W esm aelius  
concinnus. W ymienione gatunki odznaczały się także dużą  w iernością 
(W>50%) w s to su n k u  do danego środow iska. S tru k tu ra  dom inacyjna 
siatkoskrzydłych świetlistej dąbrowy w ogólnym zarysie była podobna do 
s tru k tu ry  zgrupow ania z lasu  grądowego (Tab. IX, Fig. 7).

Uzyskane wyniki pozwoliły n a  wyróżnienie trzech głównych typów 
s tru k tu r  dom inacyjnych zgrupow ań siatkoskrzydłych, właściwych dla: 1) 
lasu  liściastego, 2) boru  m ieszanego i 3) boru  sosnowego świeżego. Różne 
w arianty  s tru k tu ry  dom inacyjnej w ram ach danego typu, uw arunkow ane 
lokalną zm iennością w arunków  siedliskowych, prezentow ały zgrupow ania z 
badanych  płatów grądu, świetlistej dąbrowy i boru  m ieszanego (Fig. 3-5) W 
przypadku borów świeżych, reprezentow anych przez dwie odm iany -  
subocean iczną i su b kon tynen ta lną  -  stw ierdzone dwa w arianty  s truk tu ry , 
były związane praw dopodobnie z regionalnym  zróżnicow aniem  w ystępow ania 
niektórych gatunków . Wyższe udziały Raphidiidae  i H em erobiidae niż 
Coniopterygidae miały zgrupow ania w borach Peucedano-Pinetum  (Puszcza 
Białowieska, Puszcza Biała i Puszcza Kam pinoska oraz w Borach T ucholsk ich  
leżących na  styku zasięgu Leucobryo- i Peucedano-Pinetum. W obiektach 
położonych w obrębie areału  typowego zespołu I^eucobryo-Pinetum  (Babimost, 
Roztoczański PN) przeważał Coniopteryx parthenia  (Fig. 6)

Badane lasy (grądy, świetliste dąbrowy, bory m ieszane, bory świeże) 
tworzyły ciąg środow isk w gradiencie zm ieniających się w arunków  
siedliskow ych. Pozwoliło to n a  porów nanie profilu ekologicznego zgrupow ań 
siatkoskrzydłych i określenie zmian w nim zachodzących, zależnie od sk ładu  
gatunkow ego drzew ostanu i w arunków  m ikroklim aty cznych danego 
środow iska, W grądzie i w świetlistej dąbrowie gatunkow o i liczebnie 
przeważały siatkoskrzydłe odbywające rozwój wyłącznie n a  drzew ach 
liściastych, a  pod względem wymagań abiotycznych cienio- i w ilgociolubne. 
W borze m ieszanym  w yraźną przewagę zyskały na tom iast formy 
m ezohigrofilne i ciepłolubne, związane głównie z drzewami liściastym i. Z kolei 
w borze świeżym gatunkow o i liczebnie przeważały siatkoskrzydłe związane 
pokarm ow o z en tom ofauną drzew iglastych i sucho lubne  pod względem 
w ym agań siedliskowych (Tab. XIII). W zespole związanym  pokarm owo z 
fitofagami drzew liściastych główną rolę odgrywały sieciarki z rodziny 
Chrysopidae. Natom iast w zespole związanym troficznie z fitofagami drzew 
iglastych dom inantam i były gatunki z rodzin Coniopterygidae, H em erobiidae  i 
Raphidiidae.
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Analiza zoogeograficzna neurop terofauny  wykazała, że w lasach  
poszczególnych typów trzonem  zgrupow ań były gatunk i eurosyberyjskie, 
stanow iące od 38 do 58% całkowitych składów  gatunkow ych (Tab. XIV). 
E lem ent ten dom inował również ilościowo w grądach, św ietlistych dąbrow ach 
oraz borach  świeżych stanow iąc od 46 do 53% średniej liczebności 
zgrupow ań. Do najliczebniej reprezentow anych gatunków  należały 
Chrysotropia ciliata, Nineta Jlava, Raphidia xanthostigm a  i W esm aelius  
concinnus. Inaczej przedstaw iały się te relacje w borze m ieszanym . Mimo 
dużej liczby gatunków  eurosyberyjskich, ich udział w średniej liczebności 
zgrupow ań wynosił zaledwie 7,7%. Ilościowo przeważały siatkoskrzydłe o 
zasięgu palearktycznym  w śród których najw iększą liczebnością odznaczały 
się M allada prasina  i Coniopteryx parthenia. E lem ent palearktyczny zajmował 
drugie pod względem liczebności m iejsce (po eurosyberyjskim ) wśród 
Neuropteroidea  boru  świeżego (30,2%) m iał też dość znaczny udział (w 
granicach  14-17%) w zgrupow aniach z grądu  i świetlistej dąbrowy.
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