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R a p h id io p tera  and N europtern  (N curo p terid a ) of the canopy in montane, upland and 
low land fir forests of A bies alba  M i l l ,  in Poland1

Abstract: The paper presents an analysis of Raphidioptera and Neuroptern material collected during 1993 and 
1994 in fir canopies in the following forest types: montane (Beskid Sądecki), upland (Góry Świętokrzyskie) 
and lowland (W ysoczyzna Łódzka). The species composition, abundance, dominance structure and ecologi­
cal traits of the communities, and their phenology are discussed. The fauna was compared with that of other 
forests (moist pine, mixed and linden-oak-hornbeam) occurring in lowland and upland regions of the coun­
try. Of the 44 species recorded, Coniopteryx pygmaea End. (=C. parthenia N avA s et MARCET) and Conwentzia 
pineticoln (END.) were the most abundant. The presence of the montane species Puncha ratzeburgi B r a u ., 

Hemerobius contumnx TjED., Symphcrobius pellucidus (W A L K .), Nollwchrysa capitata (F a b r .) ,  Ninetn pallida 
(SCHN.) and Peyeriuihoffina gracilis (SCHN.) was a characteristic feature of the fir forest fauna when compared 
with that of the other woodlands. Two of these species, H. contumax and S. pellucidus, were the most con­
stant and abundant. Dichochrysa abdominalis (B r a u .) , was a species new to the fauna of Poland.
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INTRODUCTION

Silver fir (Abies alba M i l l . )  is a E u ropean  m on tane  tree species g ro w in g  a t 400- 
2100 m  a.s.l. Its ranges frag m en tarily  from  the C arp a th ian s to the Pyrenees, reach ing  

C alabria  in the so u th  (38°N) an d  cen tral P o land  in the n o rth  (52°N) (Fig. 1). In P o land , 
A. alba finds the n o rth -eas te rn  ran g e  lim it of its n a tu ra l range. It crosses N iz ina  Śląska 
(Silesian L ow land), the  n o rth e rn  p a r t of W yżyny  Ś rodkow e (C entral U p lands), N iz ina  
M azow iecko-P od laska  (M azovian-P od lasie  L ow land), R oztocze (Roztocze U p land )

1 The study was sponsored by the grant N o P04F 05719 from the State Committee for Scientific Research.
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and  B ieszczady Z ach o d n ie  (W estern  B ieszczady M ts) (Fig. 2). The n o r th e rn m o s t 
iso lated  sites of th is species are in P uszcza Białow ieska (B iałow ieża Forest) in P oland  
an d  in N o rm a n d y  in France (Bo r a t y ń s k i  1983).

In P o land , at p re sen t the fir w o o d lan d s take u p  to ab o u t 3% of the total, the 
d is trib u tio n  being  h igh ly  patchy . The m ain  centre of A. alba d is trib u tio n  in P oland  lies 
in the C arp a th ian s, especially  in the m ou n ta in s  of B eskid N iski, Bekid Sądecki and  
B ieszczady . In  th e  u p la n d s , fir fre q u e n tly  occu rs o n ly  in G óry  Ś w ię to k rzy sk ie

(Św iętokrzyskie M ts) and  in 
R oztocze Ś rodkow e (C entral 
R oztocze U pland). In lo w land  
P o land , fir is fairly  rare. The 
few  sites at w hich  fir finds 
fav o u rab le  cond itions include 
P uszcza  K ozienicka (K ozienice 
Forest) and  som e forest
reserves in W ysoczyzna
Ł ó d zk a  (Łódź Em inence) 
(Bo r a t y ń s k i 1983).

The species A. alba is cha­
racterised by considerable eco­
logical tolerance, w hich is 
show n by its presence in various 

F ig . l .  R a n g e  o f  Abies alba M i l l ,  ( f r o m  B o r a t y ń s k i  1 9 8 3 ). forest associations. Its op tim um
environm ental conditions lie in 
the m ountains, in the low er 
forest zone, w here it grow s 
together w ith  beech (Fagus
sylvatica) and  spruce (Picea alba). 
Beech-fir (Dentario glandulosae- 
Fagetum) and fir-spruce forests 
(.Abieti-Piceetum montanum) are 
associations characteristic of this 
zone. A m ixed fir forest, Abie- 
tetum polonicum, is a forest 
association  endem ic to Poland. 
The range of this com m unity  is 
restric ted  to u p lan d s and  
Pogórze K arpackie (C arpath ian  
Foothills). In the low lands, the 
lin d en -o ak -h o rn b eam  fo rest 
('Tilio-Carpinetum) form s an asso- 

Fig. 2. Situation of the study areas: A  -  Beskid Sądecki Mts, B -  ciation, w here fir is occasionally 
Świętokrzyskie Mts, C -  W ysoczyzna Łódzka; 1 -  lowlands, 2 -  the do m in an t com ponen t (WOJ- 
uplands, 3 -  mountains, 4 -  limit of natural range Abies alba M ILL, 19 8 3 )
( f r o m  S z a f e r  1 9 7 7 ).
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The p ro p o rtio n  of fir in  E uropean  w o o d lan d s  has been  decreasing  for abou t 200 
years. T his has been  b ro u g h t abo u t by m an y  un favourab le , n a tu ra l an d  m an -induced , 
factors. Excessive ex p lo ita tion  and  a decrease in the biological resistance of fir have 
co n trib u ted  to the regress of the species. Fir is sensitive to in d u stria l po llu tio n  and  to 
adverse  w ea th e r cond itions. W eakened  trees are inv ad ed  by  v a rio u s p rim ary  and  
secondary  p ests  (BERNADZKI 1983, G ą d e k  1993).

O f p h y to p h ag es  feed ing  in fir canopies, lep id o p te ran s  and  ap h id s  pose  the g rea test 
threat. In P o land , the m ost serious d am ag e  is caused  by  Choristoneura murinana H b n ., 
Epinotia nigricana H.-S. an d  Zeiraphera rufimitrana H.-S. (Tortricidae, Microlepidoptera). 
O f the dozen  or so ap h id  species liv ing on A. alba, econom ically  the m ost im p o rtan t 
are rep resen ta tiv es  of the genus Adelges VALLOT, sub g en u s Dreyfusia BÓRN., w hich  
m ig ra te  from  sp ruce  to fir or rep ro d u ce  p arthenogenetica lly  on fir all year ro u n d  
(B l a c k m a n  &  E a s t o p  1994). In Poland , the ab u n d an ce  of Adelges (Dreyfusia) nordman- 
niane (E k s t e in ) (= nuesslini C.B.) on fir keeps grow ing; the increase is a la rm ing  be­
cause this species d am ag es need les an d  y o ung  shoots (G ą d e k  1993).

OBJECTIVES

The fact that, in P o land , fir w o o d lan d s are decreasing  justifies research  into their 
en to m o fau n a  b o th  in the cognitive and  practical aspects. T h reat to fir m eans th a t a 
w hole com plex  of insects associated  w ith  this tree species is en d an g ered , a com plex 
still u n k n o w n  in m an y  respects. N eu ro p te rid s  are one of the least s tu d ied  g roups. In 
Poland , there  are 100 n e u ro p te rid  species recorded , m ost of w hich  live in forest, 
m ain ly  in the tree canop ies an d  shrubs. These p red a to ry  insects feed on v a rious sm all 
a r th ro p o d s , especially  phy to p h ag es. As their p rey  they p refer d ifferen t d eve lopm en ta l 
s tages of Hemiptera (Aphidinea, Coccinea, Auchenorrhyncha, Aleyrodoidea, Psylloidea), 
Thysanoptera, Psocoptera, Lepidoptera (Tortricidae, Pyralidae, Noctuidae, Pieridae), Coleop- 
tera an d  Acari (K i l l in g t o n  1936, P r in c ip i  & C a n a r d  1984, N e w  1986 , St e l z l  1991, 
BOZSIK 2000). Food selection, i.e. p reference of p h y to p h ag es from  a defin ite  species of 
tree, sh ru b  or herb , is very  com m on in n eu ro p te rid s . T rophic re la tions b etw een  p a r ­
ticu lar n eu ro p te rid  species an d  the ir p rey , an d  also their h ab ita t req u irem en ts , are 
exp ressed  as associations w ith  p a rticu la r types of vegetation.

P apers d escrib ing  q u an tita tiv e  rela tions of the Neuropterida of w ell defined  hab ita t 
and  (or) a tree species are n o t n u m ero u s (R essl 1971 a, b, 1974, G e p p  1973, B e r n d t  
1984, C z e c h o w s k a  1985, 1986, 1990, 1994, 1995, 1997, Ba r n a r d  et al. 1986, S a u r e  &  
K ie l h o r n  1993, M o n s e r r a t  &  M a r in  1992, 1994, 1996, W e r s t a k  1994, Sc h u b e r t  & 
G r u p p e  1999).

In the lite ra tu re  on n e u ro p te rid s , species collected on Abies are  m en tio n ed  by 
ASPOCK et al. (1980, 1991) as w ell as in n u m ero u s  faunistic  stud ies, e.g. b y  EGLIN 1940, 
Eg l in -D e d e r d in g  1955, Z e l e n y  1963, R essl  1971a, b , 1974, G e p p  1977, 1989, P o p o v  
1981, P a n t a l e o n i  1990, C a n a r d  & V a n n ie r  1992, M o n s e r r a t  &  M a r in  1994, 1996 
(see also the reference lists in ASPOCK et al. 1980, 1991, 2001). H ow ever, there  is no 
co m p reh en siv e  d esc rip tio n  of the n eu ro p te rid  fauna in p a rticu la r forest associations 
w ith  A. alba.
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The aim s of the p re sen t s tu d y  were:
- to characterise  an d  com pare  the n eu ro p te rid  com m unities of the canopies of fir in 

m on tane , u p la n d  an d  low land  forests in respect of species com position , dom inance  
s tru c tu re  and  abundance ;

- to describe the seasonal dynam ics of n eu ro p te rid s  in fir canopies;
- to characterise  the ecological profile  of n eu ro p te rid s  of fir canopies;

to com pare  the n e u ro p te rid  faunas of fir forests an d  of o ther lo w la n d -  u p lan d  
w o o d lan d s;
to d e te rm in e  the ro le and  im pact of n eu ro p te rid s  in m a in ta in in g  the ecological 
eq u ilib riu m  in forest associations con ta in ing  fir.

STUDY AREA

The m ateria l w as collected  d u rin g  1993 an d  1994 in Beskid Sądecki, G óry Ś w ięto­
krzysk ie  and  W ysoczyzna Ł ódzka2. These regions, s itu a ted  w ith in  th e  n a tu ra l range of 
fir, d iffer in respect of the clim atic cond itions, the p ro p o rtio n  of fir in  w o o d lan d s, and  
the h ealth  of the tree species.

B eskid  Sądecki. A m o u n ta in  range in the w este rn  p a rt of C a rp a th ian s  (Fig. 2). 
M ean tem p era tu re  in January : -5.24°C, in July: +16.32°C, m ean  an n u a l p rec ip ita tion  
922 m m . Fir covers ab o u t 35% of the w o o d lan d  area of this reg ion  and  is very  
h ea lth y 3. The m ateria l w as collected in forests at 700-800 m  a.s.l., in forest d istric t 
K opciow a. In the phytosocio logical respect, these forests be long  to the association  of 
C a rp a th ian  beech (Dentario glandulosae-Fagetum). C ap tu res  w ere m ad e  in th ree p lo ts  
w ith  9 trap s  each (see "M ethods and  m aterial") d u rin g  tw o seasons.

P lot I. D iv isions lc  an d  2a, 95-100-year old stan d  m ain ly  consisting  of fir w ith  
som e sp ruce  (Picea alba), so u th e rn  exposition.

P lot II. D ivision 17, 55-75-year old stand  w ith  p red o m in an t fir, sp ru ce  fairly n u ­
m ero u s a t places, an d  som e larch (Larix decidua) and  p ine  (Pinus sylvestris) here  and  
there, so u th e rn  exposition .

P lot III. D ivisions 18f and  19f, 125-year old fir g row th , eastern  exposition .
Góry Ś w iętokrzysk ie . A n ancien t m o u n ta in  range in W yżyna M ałopo lska  (M ało­

polska U p land ) (Fig. 2). M ean tem p era tu re  in January: -4.10°C, in  July: +18.20°C, 
m ean  an n u a l p rec ip ita tio n  639 m m . Fir still constitu tes ab o u t 20% of the  tree s tan d , 
b u t its hea lth  is poor. D ue to un fav o u rab le  w eath er cond itions (hurricanes, d ro u g h t, 
frost) an d  air po llu tio n , the n a tu ra l resistance of the species is be ing  d e te rio ra ted  and  
fir forest becom es suscep tib le  to attacks by  insect an d  fungal pests. B etw een 1948 and  
1991, m ore  or less d ev as ta tin g  ou tb reaks of to rtric id  lep id o p te ran s  took place ( G ą d e k  

1993). As a resu lt, the  orig inally  dense tree s tan d s  have  becom e th in n er, and  the can ­
opy  sh ap e  h as  becom e abnorm al.

2 Collected by Dr. Janusz Sawoniewicz, who conducted studies on lchneumonidae of fit canopies in the 
frame of the grant No 66339 91 02 from the State Committee for Scientific Research.
3 Climatic date and the proportion of fir in woodlands of a given region are after TRAMPLER et al. 1990.
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The m ateria l w as collected at 300-450 m  a.s.l. in m ixed fir forest (Abietetum poloni- 
cum). In this association , occasionally  there  also occur the fo llow ing species: Fagus 
sylvatica, Quercus robur, Q. sessilis, Populus tremula, A lnus glutinosa, Betula verrucosa, 
Finns sylvestris and  Picea abies (GŁAZEK 1985). Recently, beech has been  increasing  its 
p ro p o rtio n  in tree s tan d s  of this association  in G óry Ś w iętokrzyskie. N ine traps w ere  
set in each of the fo llow ing  three p lots. The m ateria l from  p lo ts II an d  III w as collected 
d u rin g  bo th  seasons, th a t from  P lot I only  in 1993.

P lot I. D iv ision  38b n ea r the v illage of W ola Szczygietkow a, 75-125-year old fir 
s tand , n o rth e rn  exposition .

Płot II. D iv isions 203a an d  204a on  the so u th e rn  slope of Łysa G óra (Łysa Mt.) near 
the v illage of T rzcianka, 80-year old fir stand .

P lo t III. D iv ision  196y an d  197g at the foot of the eastern  slope of Łysa G óra near 
N ow a S łupia , 50-80-year old tree stand .

W ysoczyzna Łódzka. A reg ion  in N iż Ś rodkow opo lsk i (low land  area of central Po­
land), 100-200 m. a.s.l. (Fig. 2). M ean tem p era tu re  in January : -3.50°C, in July: 
+18.57°C, m ean  an n u a l p rec ip ita tion  542 m m . Forest d o m in a ted  by  p ine  (Pinus sylves­
tris): n early  80% of w o o d lan d ; the p ro p o rtio n  of fir is m erely  0.2% b u t the species is 
healthy . The m ateria l w as collected at six p lots. P lots I-V  rep resen ted  a linden-oak- 
h o rn b eam  forest (Tilio-Carpinetum), P lot VI w as a fir forest of the Galio-Abietion 
subaliance. T raps w ere  set in larger concen tra tions of fir.

Plot I. U roczysko Doliska, d ivision 82d, abou t 80-year old fir stand; 9 traps th ro u g h ­
ou t bo th  seasons.

Plot II. U roczysko Z im na W oda, div ision 129d, abou t 60-year old fir stand  w ith  som e 
pine (Pinus sylvestris) and  oak (Quercus sp.); 3 traps in 1993.

Plot III. U roczysko Z im na W oda, div ision 140f, abou t 60-year old stan d  w ith  pine 
dom in a tin g  an d  fir an  add itional com ponent; 3 traps in 1993.

Plot IV. U roczysko Doliska, div ision 85a, abou t 80-year old pine-fir stand; 3 traps 
th ro u g h o u t bo th  seasons.

Plot V. U roczysko Zacyw ilki, d iv ision 53f, abou t 50-year old fir stand; 3 traps 
th ro u g h o u t bo th  seasons.

Plot VI. Ł aznów  Reserve (Brzeziny Forestry Insprectorate), d iv ision 333c, 95-130- 
year old fir stand; 9 traps in 1993.

For m ore  d e ta ils  of the s tu d y  area see NOWAKOWSKA (1996).

METHODS AND MATERIAL

Insects w ere  collected  in yellow  plastic  bow ls (heigh t 6 cm, o 18 cm) filled w ith  w a ­
ter w ith  a co n se rv an t (e thanedio l C2H 6O 2) and  a d e te rg en t lessen ing  the surface ten ­
sion. T raps, a ttach ed  to fir canopies at 10- 20 m , w ere  em p tied  every  tw o w eeks from  
the b eg in n in g  of M ay th ro u g h  O ctober. For de ta ils of the m ethod  see SAWONIEWICZ 
(1996).

A ltogether, 5,710 n eu ro p te rid  ad u lts  w ere collected, inc lud ing  152 in d iv id u a ls  of 
Raphidioptera an d  5548 of Neuroptera. The relative ab u n d an ce  of p a rticu la r species and
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of p a rticu la r  co m m unities is expressed  u sin g  an index w h ich  reflects the n u m b e r of 
in d iv id u a ls  c a p tu re d  in one trap  d u rin g  100 days.

The frequency  (F) of a g iven species w as ev a lu a ted  by the percen tag e  of the sites at 
w hich  it w as  reco rd ed  aga in st the  total n u m b er of the  s tu d y  sites. The deg ree  of fre­
quency  w as d e te rm in ed  u sing  T ischler's scale ( T r o j a n  1975), in w h ich  species w ith  
100-76% freq u en cy  are  considered  as constan t, 75-51%  as rela tively  constan t, 50-26%  
as accessory, an d  be low  25% as accidental.

An analysis of the dom inance structure of the com m unities yielded four classes of spe­
cies: eudom inants (>15%), dom inants (5.1-15%), subdom inants (1.1-5%), and accessory 
species (<1.0%). The sim ilarity of species com position (So) of the com m unities com pared 
w as determ ined using SORENSEN's (1948) similarity coefficient. The similarity of dom inance 
structure (Mo) w as determ ined by Morisita's index as m odified by HORN (1966).

RESULTS

Species com position, structure and abundance

The m ateria l com prised  44 species of bo th  Raphidioptera an d  Neuroptera 
(=Planipennia). Raphidioptera w ere  rep resen ted  by  the fam ilies Raphidiidae (5 species) 
and  Inocelliidae (1 species); Neuroptera by Hemerobiidae (18 species), Chrysopidae (14 
species) an d  Coniopterygidae (6 species). The ab u n d an ces an d  p ro p o rtio n s  of the  above 
taxa in the n e u ro p te r id  com m unities from  p articu la r reg ions are  g iven  in T able I. The 
m ateria l w as q u an tita tiv e ly  d o m in a ted  by  Neuroptera ind iv id u a ls , and  w ith in  these by 
rep resen ta tiv es  of the  fam ily Coniopterygidae. They w ere  especially  n u m ero u s  in the 
m on tane  forests in w hich  the ir p ro p o rtio n s  in the com m unities reached  73%. 
Chrysopidae, on  the  o th er h an d , show ed  ab o u t 2-3  tim es h igher percen tages in the 
com m unities from  u p la n d  or low land  forests than  in m o n tan e  stands. The p ro p o rtio n s  
of Raphidioptera, g en era lly  sm all, w ere  re latively  h igh  in the low er regions. The m ost 
sim ilar p ro p o rtio n s  w ere  those of Hemerobiidae, ran g in g  b e tw een  16 a n d  24% 
everyw here. The characteristics of the n eu ro p te rid  co m m unities in the fir forests of the 
reg ions s tu d ie d  are  g iven  below .

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

Geographical zones Mountains Uplands Lowlands
Total

Regions Beskid Sądecki Góry Świętokrzyskie W ysoczyzna Łódzka

Taxa N n % N n % N n % N n %

Raphidioptera 2 0 .0 9 0 .3 0 4 0 .5 2 2 .4 7 6 2 .2 2 7 .4 6 6 0 .9 4 3 .5 3

Raphidiidae 2 0.09 0.30 3 0.49 2.34 5 2.20 7.39 5 0.93 3.47
Inocelliidae - - - 1 0.03 0.13 1 0.02 0.07 1 0.02 0.06
Neuroptera 26 2 9 .1 9 9 9 .7 0 3 2 2 0 .5 1 9 7 .5 3 30 2 7 .5 6 9 2 .5 4 38 2 5 .7 5 9 6 .4 7

Con iopterygidae 3 21.42 73.16 4 9.10 43.28 6 16.58 5 5 .6 7 6 15.70 58.81
Hemerobiidae 14 4.59 15.68 14 4.99 23.73 12 5.32 17.86 18 4.96 18.60
Chrysopidae 9 3.18 10.86 14 6.42 30.52 12 5.66 19.01 14 5.09 19.06

T o t a l 28 2 9 .2 8 100.00 3 6 2 1 .0 3 100.00 36 2 9 .7 8 100.00 44 2 6 .6 9 100.00
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B esk id  Sądecki. A total of 28 species w as recorded , w ith  21 or 22 species a t each 
p a rticu la r  p lo t. The ab u n d an ce  index  of the  com m unities ran g ed  b e tw een  22.2 and
36.9, m ean  29.3. The com m unities from  p articu la r p lo ts h ad  very  s im ila r species com ­
po sitions (16 sh a red  species) and  dom inance  structu res. A n ex trem ely  h ig h  p ro p o rtio n  
(ca 70 % ) of Coniopteryx pygmaea (syn. C. parthenia N a v a s  et M a r c e t ) w as characteristic  
(Table II, Fig. 3). Hemerobius contumax  w as the dom in an t. A large g ro u p  of su b d o m i­
n an ts  inc luded  Wesmaelius concinnus, W. quadrifasciatus., Hemerobius stigm a , Sym- 
pherobius pellucidus, Nothochrysa capitata, Clirysopa pallens and  Peyerimhoffina gracilis. 
W ith in  the g ro u p  of 19 accessory species, Parasemidalis fuscipennis, Hemerobius hum u- 
linus, Nineta flava  and  Cunctochrysa albolineata w ere the m ost ab u n d an t.

T a b le  II. N u m b e r  o f  in d iv id u a ls  (S ), in d e x  o f  a b u n d a n c e  (n ) a n d  p r o p o r t io n s  (% ) o f  p a r t ic u la r  s p e c ie s  o f  

Neuropterida  in  th e  fo r e s t s  o f  B e s k id  S ą d e c k i .

P lo t s I II III T o ta l

N o S p e c ie s S n % S n % s n % S n %
1 Phaeosligma notata 1 0.04 0.14 3 0.11 0.30 1 0.04 0.18 5 0.06 0.22
2 Puiiclm ratzeburgi 1 0.04 0.14 1 0.04 0.11 - - - 2 0.03 0.09
3 Coniopteryx pygtnaea 561 20.23 70.41 771 27.42 74.31 422 15.68 70.66 1754 21.11 72.10
4 Parcisemidalis fuscipennis 9 0.33 1.15 2 0.07 0.19 9 0.34 1.53 20 0.25 0.84
5 Comoentzia pinelicola 4 0.14 0.49 1 0.04 0.11 - - - 5 0.06 0.20
6 Drepanepleryx algida - - - - - - 1 0.04 0.18 1 0.01 0.05
7 Wesmaelius concinnus 9 0.33 1.15 13 0.47 1.27 6 0.23 1.04 28 0.34 1.17
8 Wesmaelius quadrifasciatus 5 0.18 0.63 15 0.54 1.46 18 0.69 3.11 38 0.47 1.61
9 Wesmaelius subnebulosus - - - - - - 1 0.04 0.18 1 0.01 0.05
10 Wesmaelius mortoni 2 0.08 0.28 - - - - - - 2 0.03 0.09
11 Hemerobius luimulinus 3 0.11 0.38 11 0.40 1.08 3 0.11 0.50 17 0.21 0.71
12 Hemerobius stigma 20 0.73 2.54 24 0.86 2.33 12 0.46 2.07 56 0.68 2.33
13 Hemerobius pini 2 0.07 0.24 1 0.04 0.11 1 0.04 0.18 4 0.05 0.17
14 Hemerobius contumax 48 1.70 5.92 89 3.14 8.51 34 1.28 5.77 171 2.04 6.97
15 Hemerobius atrifrons 5 0.19 0.66 2 0.07 0.19 1 0.04 0.18 8 0.10 0.34
16 Hemerobius nitidulus 1 0.04 0.14 - - - 1 0.04 0.18 2 0.03 0.09
17 Hemerobius micans - - - - - - 2 0.08 0.36 2 0.03 0.09
18 Sympherobius fuscescens - - - 1 0.04 0.11 - - - 1 0.01 0.05
19 Sympherobius pellucidus 10 0.36 1.25 24 0.84 2.28 14 0.53 2.39 48 0.58 1.97
20 Nothochrysa capitata 41 1.49 5.19 31 1.10 2.98 26 1.00 4.51 98 1.20 4.09
21 Nineta flava 11 0.40 1.39 7 0.25 0.68 4 0.16 0.72 2 2 0.27 0.92
22 Nineta vittata - - - 3 0.11 0.30 1 0.04 0.18 4 0.05 0.17
23 Nineta pallida - - - 3 0.11 0.30 1 0.04 0.18 4 0.05 0.17
24 Chrysopa pallens 30 1.10 3.83 15 0.54 1.46 13 0.51 2.30 58 0.72 2.45
25 Dichochrysa ventralis 1 0.04 0.14 - - - - - - 1 0.01 0.05
26 Peyeri mhoffina gracilis 20 0.72 2.51 18 0.64 1.73 17 0.64 2.88 5 5 0.67 2.28
27 Chrysoperla carnea s.1. 1 0.04 0.14 - - - - - - 1 0.01 0.05
28 Cunctochrysa albolineata 10 0.37 1.29 2 0.07 0.19 4 0.16 0.72 1 6 0.20 0.68

T o ta l 795 28.73 100.00 1037 36.90 100.00 592 22.19 100.00 2424 29.28 100.00
N u m b e r  o f  s p e c ie s 22 21 22 28
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Góry Św iętokrzyskie. A total of 36 species w as recorded, w ith  12 to 32 species at 
each particu la r plot. The abundance  index of the com m unities ranged  b etw een  10.0 and  
28.5, m ean  21.0 (Table III).

T a b le  III. N u m b e r  o f  in d iv id u a l s  (S ), in d e x  o f  a b u n d a n c e  (n ) a n d  p r o p o r t io n s  (% ) o f  p a r t ic u la r  s p e c i e s  o f  

Neuropterida  in  th e  fo r e s t s  o f  G ó r y  Ś w ię t o k r z y s k ie .

P lo t s I 11 III T o ta l

N o S p e c ie s S n % s n % S n % S n %
1 Phaeostigma notata 3 0.23 2.30 2 0.07 0.28 16 0.64 2.25 21 0.31 1.47
2 Dichrostigma flavipes - - - - - - 12 0.50 1.76 12 0.17 0.81
3 Puncha ratzeburgi - - - - - - 1 0.04 0.14 1 0.01 0.05
4 Inocellia crassicornis - - - 1 0.04 0.16 1 0.04 0.14 2 0.03 0.14
5 Conioptcryx tineiformis - - - 6 0.24 0.97 5 0.22 0.77 11 0.15 0.71
6 Conioptcryx pygmaea 54 4.09 40.90 69 2.68 10.85 74 3.04 10.69 197 3.27 15.55
7 Pa rasem ida I is fuscipen n is 15 1.14 11.40 12 0.45 1.82 6 0.24 0.84 33 0.61 2.90
8 Conwentzia pineticola 26 1.97 19.70 111 4.03 16.32 233 9.20 32.34 370 5.07 24.10
9 Drepanepteryx phalaenoides - - - 5 0.20 0.81 3 0.13 0.46 8 0.11 0.52
10 Drepanepteryx algida - - - 1 0.04 0.16 2 0.09 0.32 3 0.04 0.19
11 Wesmaelius concinnus - - - 3 0.12 0.49 4 0.18 0.63 7 0.10 0.48
12 Wesmaelius quadrifasciatus - - - 4 0.16 0.65 5 0.22 0.77 9 0.13 0.62
13 Wesmaelius nervosus - - - 1 0.04 0.16 - - - 1 0.01 0.05
14 Wesmaelius ravus - - - - - - 1 0.04 0.14 1 0.01 0.05
15 Hemerobius huimdinus 1 0.08 0.80 8 0.32 1.30 3 0.13 0.46 12 0.18 0.86
16 Hemerobius stigma - - - 50 1.98 8.02 18 0.78 2.74 68 0.92 4.37
17 Hemerobius pini - - - 1 0.04 0.16 - - - 1 0.01 0.05
18 Hemerobius contumax 2 0.15 1.50 58 2.28 9.23 51 2.17 7.63 111 1.53 7.28
19 Hemerobius atrifrons - - - 3 0.12 0.49 6 0.26 0.91 9 0.13 0.62
20 Hemerobius nitidulus - - - 1 0.04 0.16 - - - 1 0.01 0.05
21 Hemerobius micans - - - 1 0.04 0.16 1 0.05 0.18 2 0.03 0.14
22 Sympherobius pellucidus 4 0.30 3.00 95 3.61 14.62 34 1.43 5.03 133 1.78 8.46
23 Nothochrysa fulviceps - - - - - - 3 0.13 0.46 3 0.04 0.19
24 Nothochrysa capitata 11 0.83 8.30 21 0.83 3.36 23 0.97 3.41 55 0.88 4.18
25 Nineta flava - - - 25 0.99 4.01 17 0.72 2.53 42 0.57 2.71

26 Nineta vittata - - - 5 0.20 0.81 - - - 5 0.07 0.33
27 Nineta pallida 2 0.15 1.50 1 0.04 0.16 6 0.26 0.91 9 0.15 0.71
28 Chrysotropia ciliata - - - 11 0.43 1.74 1 0.04 0.14 12 0.16 0.76
29 Chrysopa pallens - - - 8 0.32 1.30 10 0.43 1.51 18 0.25 1.19
30 Dichochrysa flavifrons - - - 1 0.04 0.16 7 0.30 1.05 8 0.11 0.52
31 Dichochrysa prasina - - - 5 0.20 0.81 6 0.26 0.91 11 0.15 0.71
32 D id loch rysa abdom i nalis 1 0.08 0.80 40 1.57 6.36 59 2.52 8.86 100 1.39 6.61
33 Dichochrysa ventralis 1 0.08 0.80 20 0.80 3.24 10 0.41 1.44 31 0.43 2.04
34 Peyerimhoffina gracilis 12 0.91 9.00 - - - 5 0.21 0.74 17 0.37 1.76
35 Chrysoperla carnea sd. - - - 7 0.28 1.13 20 0.87 3.06 27 0.38 1.81
36 Cunctochrysa albolineata - - - 63 2.49 10.09 45 1.93 6.78 108 1.47 7.00

T o ta l 132 10.01 100.00 639 24.69 100.00 688 28.45 100.00 1459 21.03 100.00
N u m b e r  o f  s p e c ie s 12 31 32 36
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The com m u n ities  from  p lo ts II and  III, s itu a ted  on the so u th e rn  and  eastern  slope 
of Łysa G óra, respectively , had  a rich species com position  and  h ig h  ab u n d an ce  indi­
ces. C o n w en tz ia  p inetico la  w as the eu d o m in an t, Coniopteryx pygmaea, Hemerobins con- 
tumax, Sympherobius pellucidus, Dichochrysa abdominal is and  Cunctochrysa albolineata 
w ere d o m in an ts . The com m u n ity  from  Plot I w as the least a b u n d a n t and  sho w ed  the 
p o o rest species com position . This m ay have been  d u e  to the situ a tio n  of the p lo t on 
the n o rth e rn , therefo re  colder, slope of Łysa G óra. M oreover, a sh o rte r (one season) 
collecting p e rio d  m ay  have been  an o th er factor of som e im pact.

The co m m u n ity  from  P lot I also d iffered  from  those from  the o ther tw o p lo ts  in 
h ig h er p ro p o rtio n s  of Coniopteryx pygmaea, Parasemidalis fuscipennis, Nothochrysa 
capitata an d  Peyerimhoffina gracilis (Table III). In the en tire  m ateria l collected in this 
region, Conwentzia pineticola and  Coniopteryx pygmaea w ere  the m ost ab u n d an tly  
rep resen ted  species. Sympherobius pellucidus, Dichochrysa abdominalis, Hemerobius 
contumax a n d  Cunctochrysa albolineata, w hich  m ade  the g ro u p  of do m in an ts , h ad  fairly 
h igh p ro p o rtio n s , too (6.6-8.5%). The g ro u p  of su b d o m in an ts  w as very  n u m ero u s and  
it in c luded  Phaeostigma notata, Parasemidalis fuscipennis, Hemerobius stigma, Nothochrysa 
capitata, Nineta flava, Chrysopa pallens, Dichochrysa ventralis, Peyerimhoffina gracilis and  
Chrysoperla carnea s.I. The accessory com ponen t consisted  of 21 species; of these, 
Dichrostigma flavipes, Coniopteryx tineiformis, Hemerobius hum ulinus, Nineta pallida, 
Chrysotropia ciliata and  Dichochrysa prasina w ere the m ost ab u n d an t.

In com parison  w ith  the n eu rop te rid  fauna of the forests in Beskid Sądecki, tha t of the 
fir forests in this region w as characterised  by a g reater species richness. The p roportion  
and  ab u n d an ce  of Coniopteryx pygmaea w ere considerably  low er at the expense of such 
species as Conwentzia pineticola, Sympherobius pellucidus, Cunctochrysa albolineata (Tables 
II, III, V; Fig. 3). O f the species unreco rded  from  the w ood lands of Beskid Sądecki bu t 
p resen t there, Dichochrysa abdominalis stood out because of its considerable abundance.

W ysoczyzna Łódzka. A total of 36 species w ere recorded; from  14 to 27 at each 
particular plot. The abundance of the com m unities w as generally high, the index values 
ranged betw een  18.8 and  38.7, m ean 29.8 (Table IV). Coniopteryx pygmaea w as the 
eudom inan t (39-69.4%) at alm ost all plots (except Plot IV). O ther species w ith h igh 
p roportions were: Conwentzia pineticola, Hemerobius stigma, Dichrostigma flavipes, 
Dichochn/sa prasina, Sympherobius pellucidus, Chrysoperla carnea s.L, Hemerobius contumax, 
Dichochrysa abdominalis, Parasemidalis fuscipennis, Peyerimhoffina gracilis, Phaeostigma notata 
and Cunctochrysa albolineata. In the dom inance structures of particular com m unities, they 
generally occupied the positions of dom inants or subdom inants. A different situation w as 
only observed at Plot IV (in the forest patch  stud ied , fir co-occurred w ith  pine), w here 
Hemerobius stigma w as the eudom inant. Of the 22 accessory species, Hemerobius humulinus, 
Dichochrysa flavifrons and Dichochrysa ventralis w ere fairly num erous.

W hen the n eu ro p te rid  fauna of the fir forests in G óry Św iętokrzyskie w as com pared  
w ith  tha t of W ysoczyzna Łódzka, it show ed m uch  h igher abundance  and  p roportion  of 
Coniopteryx pygmaea, and  a h igher abundance  of Dichrostigma flavipes, Hemerobius stigma, 
Dichochrysa prasina and  Chrysoperla carnea s.l. H ow ever, the abundances and  percen tages 
of Conwentzia pineticola, Hemerobius contumax, Sympherobius pellucidus, Nothochrysa capi­
tata and  Dichochrysa abdominalis w ere low er (Tables III, IV, V; Fig. 3).
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Table IV. N um ber of ind iv iduals (S), index of abundance (n) and proportions (%) of particu lar species of Neuropterida in the forests of W ysoczyzna Łódzka.

P lo ts I II III IV V VI T o ta l
N o S p e c ie s S n % S n % S n % s n % S n % S n % S n %

1 Phaeostigma notatn 5 0 .2 3 0 .7 9 3 0 .6 2 2 .2 6 - - - 2 0 .24 0 .6 2 17 1.93 5 .8 8 6 0.40 2 .1 3 33 0.5 7 1.91

2 Dichrostigma flavipes 23 0 .9 5 3.28 15 3 .0 9 11 .28 17 3 .6 2 1 1.32 13 1.56 4 .0 4 - - - 4 0 .2 6 1.38 72 1.58 5.31

3 Xanthostigma xanthostigma - - - - - - - - - 1 0 .1 2 0.31 - - - - - - 1 0.02 0 .0 7

4 Raphidia ophiopsis ophiopsis - - - - - - - - - - - - 1 0.11 0 .3 3 - - - 1 0.02 0 .0 7

5 Puncha ratzeburgi - - - - - - - - - - - - - - - 1 0 .0 7 0 .3 7 1 0.01 0 .0 3

6 Inocellia crassicornis - - - - - - - - - 1 0 .12 0.31 - - - - - - 1 0 .0 2 0 .0 7

7 Coniopteryx tineiformis - - - - - - 1 0.21 0 .6 6 - - - - - - - - - 1 0 .0 4 0 .1 3

8 Coniopteryx pygmaea 262 11.70 4 0 .3 9 53 10 .90 3 9 .8 0 104 2 2 .1 7 69 .3 5 36 4 .3 0 11 .15 115 12.95 3 9 .4 3 186 12.30 6 5 .4 6 756 12.39 41.61

9 Parasemidnlis fuscipennis 4 0.1 4 0 .4 8 2 0.41 1.50 3 0.64 2 .0 0 3 0 .3 7 0 .9 6 1 0.11 0 .3 3 32 2 .1 2 11 .28 4 5 0.6 3 2 .12

10 Semidalis aleyrodiformis 7 0.2 5 0 .8 6 - - - 2 0 .43 1.35 - - - - - - - - - 9 0.11 0 .3 7

11 Coniventzia psociformis 1 0.0 4 0 .1 4 - - - - - - - - - - - - - - - 1 0.01 0 .0 3

12 Conwentzia pineticola 49 1.75 6 .0 4 28 5.76 2 1 .0 3 7 1.49 4 .6 5 12 1.46 3 .7 9 85 9 .6 2 29 .2 9 5 0 .3 3 1.76 186 3.4 0 11.42

13 Drepanepteryx phalaenoides - - - - - - - - - - - - 3 0 .33 1.00 - - - 3 0 .0 6 0 .2 0

14 Wesniaelius concinnus 5 0.2 4 0 .8 3 - - - - - - 13 1.54 3 .9 9 10 1.08 3 .2 9 1 0 .0 7 0 .3 7 29 0.4 9 1.64

15 Wesmaelius quadrifasciatus - - - - - - - - - 5 0 .59 1.53 - - - - - - 5 0 .1 0 0 .3 3

16 Hemerobius humulinus 11 0.5 2 1.79 1 0.21 0 .7 7 - - - 4 0 .4 8 1.24 2 0.23 0 .7 0 - - - 18 0.24 0.81

17 Hemerobius stigma 18 0 .8 7 3 .0 0 - - - 1 0.21 0 .6 6 66 7.81 2 0 .2 5 14 1.52 4 .6 3 4 0 .2 6 1.38 103 1.78 5 .98

18 Hemerobius pini 1 0.0 5 0 .1 7 1 0.21 0 .7 7 - - - 2 0 .24 0 .6 2 - - - - - - 4 0 .0 8 0 .2 7

19 Hemerobius contumax 33 1.45 5.01 2 0.41 1.50 2 0 .4 3 1.35 18 2.14 5 .5 5 8 0 .8 7 2.65 12 0.79 4.2 0 75 1.02 3 .4 3

20 Hemerobius atrifrons - - - - - - - - - 4 0 .4 8 1.24 - - - - - - 4 0 .0 8 0 .2 7

21 Hemerobius nitidulus 1 0.0 5 0 .1 7 - - - - - - 1 0 .12 0.31 - - - - - - 2 0 .0 3 0 .1 0

22 Hemerobius micans 1 0.05 0 .1 7 - - - - - - - - - - - - - - - 1 0.01 0 .0 3

23 Sympherobius elegans - - - 1 0.21 0 .7 7 - - - 1 0 .12 0.31 - - - - - - 2 0 .0 6 0 .2 0

24 Sympherobius pellucid us 56 2.65 9.15 9 1.85 6 .75 1 0.21 0 .6 6 19 2.26 5.8 6 9 0.99 3.01 4 0 .2 6 1.38 98 1.37 4 .6 0

25 Nothochrysn capitata 5 0 .2 6 0 .9 0 - - - - - - - - - 2 0 .22 0 .6 7 3 0 .2 0 1.06 10 0.11 0 .3 7

26 Nincta flava 11 0 .5 6 1.93 - - - - - - 2 0 .24 0 .6 2 - - - - - - 13 0 .1 3 0 .4 4

27 Nincta vittata 1 0.05 0 .1 7 - - - - - - - - - - - - - - - 1 0.01 0.03

28 Nincta pallida 4 0 .1 6 0 .5 5 - - - - - - 3 0 .36 0 .9 3 1 0.11 0 .3 3 2 0 .1 3 0.6 9 10 0.13 0.44

29 Chrysopa pallens 8 0.41 1.42 1 0.21 0 .7 7 - - - 2 0.24 0 .6 2 1 0.11 0.3 3 - - - 12 0 .1 6 0 .5 4
30 Dichochrysa ftavifrons 2 0 .0 9 0.31 1 0.21 0 .7 7 3 0.64 2.00 4 0.48 1.24 2 0 .2 3 0 .7 0 1 0 .0 7 0 .3 7 13 0 .2 9 0 .9 7
31 Dichochrysa prasina 49 2.38 8 .2 2 3 0 .6 2 2 .2 6 2 0 .4 3 1.35 44 5 .23 13 .5 6 4 0.44 1.34 1 0.0 7 0 .3 7 103 1.56 5 .2 4

32 Diclwchrysa abdominalis 20 0 .9 7 3 .3 4 - - - 2 0 .4 3 1.35 25 2 .9 7 7.70 3 0.33 1.00 - - - 50 0.75 2 .5 2

33 Dichochrysa ventralis 6 0.2 4 0 .8 3 1 0.21 0 .7 7 1 0.21 0 .6 6 5 0 .6 0 1.56 - - - - - - 13 0.21 0.71

34 Peyerimhoffina gracilis 5 0.1 9 0 .6 6 2 0.41 1.50 4 0 .8 5 2 .6 6 1 0 .1 2 0.31 5 0.46 1.40 21 1.39 7.4 0 38 0 .5 7 1.91

35 Clnysoperla carnea s.l. 46 2 .3 4 8.08 9 1 .85 6.7 5 - - - 25 2 .9 6 7 .6 7 8 0 .8 7 2 .6 5 - - - 88 1.34 4 .5 0

36 Cunctochrysa albolineata 8 0 .3 8 1.31 1 0.21 0 .7 7 - - - 12 1.42 3 .6 8 3 0.33 1.00 1 0 .0 7 0 .3 7 25 0 .4 0 1.34

T ota l 64 2 2 8 .9 7 100 .0 0 133 27 .3 9 100 .00 150 3 1 .9 7 100.00 324 3 8 .5 7 100.00 294 32 .8 4 100 .00 284 18.79 100 .0 0 1827 29 .7 8 100 .00
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Neuropterida of fir forests 41

The n e u ro p te rid  faunas of m ontane , u p lan d  and  low land  fir forests h a d  som e sp e ­
cific reg ional fea tu res as w ell as certa in  th ings in com m on. N o rth w a rd s , the species 
com position  and  s tru c tu re  of the com m unities changed  because of the  d iffe ren t h ab i­
tat cond itions. The species com m u n ity  of a typical m on tane  w o o d lan d  w as the p o o rest 
(28 species), w ith  a su b seq u en t increase in species richness by  16 species m ore n o rth ­
erly an d  to w ard s  low lands.

O f the 44 species re­
corded, 24 occurred in all 
three regions (Table V).
The neurop terid  faunas of 
the up land  and low land 
forests had  the m ost sim i­
lar species com positions, 
w ith  31 species shared 
(So=86%). A m edium  rate 
of sim ilarity w as recorded 
for the faunas of the u p ­
land and  m ontane forests, 
w ith 25 species in com ­
m on (So=78%), the lowest, 
yet not at all m uch so, in 
the faunas of the m ontane 
and low land  forests, w ith 
24 shared  species 
(So=75%). The m ean 
pairw ise sim ilarity of the 
faunas com pared  w as 
80%. This indicates high 
sim ilarity of the species 
com positions of neurop- 
terids inhabiting  the fir 
forests.

The dom inance struc­
ture of the neurop terid  
com m unities from  parti­
cular regions had  one 
feature in com m on, i.e. 
presence of one or tw o 
species of the fam ily Co- 
niopterygidae as eudo- 
m inants. The differences 
w ere in the sequence of 
species at the farther posi­
tions in the com m unity.

[%] Beskid Sądecki
80

1%1 Góry Św iętokrzyskie

W ysoczyzna Łódzka
45 ,

Fig 3. Mean dominance structures of Neuropterida communities in fir 
forests from particular regions.________________________________________
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Coniopteryx pygmaea p red o m in a ted  in all m on tane  forests, w hereas e ither Coniopteryx 
pygmaea o r Conzventzia pineticoln in the u p lan d  a n d /o r  low land  ones. Coniopteryx pyg- 
maea, Conzventzia pineticoln, Hemerobius contumax, Sympherobius pellucidus and  
Hemerobius stigma  w ere  the m ost ab u n d an tly  rep resen ted  lacew ings in the en tire  m a te ­
rial (>4%, each), also being  species shared  in the three reg ions (Table V).

A co m p ariso n  of the m ean  dom inance  s tru c tu re  of n eu ro p te rid s  from  p a rtic u la r  
reg ions sh o w ed  th a t the com m unities from  the m o n tan e  and  lo w land  forests w e re  the 
m ost s im ila r in this respect (Mo=0.83). A little low er sim ilarity  w as reco rded  for the 
stru c tu re s  of the com m unities from  the low land  an d  u p lan d  forests (M o=0.70), 
w h ereas  the  sim ilarity  of the s tru c tu res  of those from  the m o n tan e  an d  u p la n d  forests 
w as v e ry  low  (Mo=0.39). The m ean  value of the M o index for all p a irs  of the reg ions 
co m p ared  w as 0.64.

The species w ith  the h ig h est frequency of occurrence in the  fir forests w ere  as fol­
lows: Coniopteryx pygmaea, Parasemidalis fuscipennis, Hemerobius contumax, Sympherobius 
pellucidus (F=100%), Phaeostigma notata, Conzventzia pineticoln, Peyerimhoffina gracilis 
(F-92% ), Hemerobius hum ulinus, H. stigma and  Cunctochrysa albolineata (F=83%). The 
fairly co n stan t ones w ere: Wesmaelius concinnus, Nothochrysa cnpitata, Nineta pallida, 
Chrysopa pallens (F=75%), Dichochrysa flavifrons, D. prasina, D. ventralis (F=67%), 
Hemerobius pini, Nineta flava, Dichochrysa abdominalis and  Chrysoperla carnea sd. 
(F=58%).

F requency  is a m easu re  of the presence of a g iven species in the hab ita t, in d e p e n d ­
en t of ab u n d an ce . Species w ith  the h ighest abu n d an ces genera lly  are also the m ost 
com m on ones, yet th is is no t a lw ays the case. N o tew o rth y  is the h igh  frequency  of a 
re la tive ly  little  a b u n d a n t Parasemidalis fuscipennis w hich, in this respect, p reced es a 
m uch m ore  a b u n d a n t Conzventzia pineticoln (Table V).

Phenology

N e u ro p te r id  a d u lts  fell in to  the trap s  th ro u g h o u t the season  (from  M ay th ro u g h  
O ctober) (Table VI). In the cou rse  of the seasonal dynam ics, th ere  w ere tw o  a b u n ­
d an ce  peak s, one in sp rin g  an d  the o ther in sum m er. The sp rin g  peak  (M ay -Ju n e) 
w as re la ted  to the  em erg en ce  of Raphidioptera an d  of the first g en e ra tio n  of b iv o ltin e  
species of th e  fam ilies Coniopterygidae and  Hemerobiidae. T he su m m e r p eak  (Ju ly - 
A u g u st)  w as associa ted  w ith  the em ergence of u n iv o ltin e  species (m ostly  Chrysopi- 
dae, som e Hemerobiidae) an d  the  second genera tio n  of b ivo ltine  species. T o w ard s  the 
end  of A u g u s t, the  n u m b e r of in d iv id u a ls  an d  species c a p tu re d  d ecreased  rap id ly . 
Coniopteryx pygmaea, Conzventzia pineticoln, Parasemidalis fuscipennis, Hemerobius hu ­
m ulinus, H. stigma, H. contum ax, Sympherobius pellucidus, Peyerimhoffina gracilis an d  
Chrysoperla carnea w ere  the lon g est to be collected  d u rin g  the  seaso n  (from  M ay  to 
S ep tem b er or even  O ctober). G reat ab u n d an ce  fluc tua tions d u r in g  p a r tic u la r  sea ­
sons w ere  reco rd ed  for m o st species, Conzventzia pineticola first of all. The lo w est 
d iffe rences in th is re sp ec t w ere  rep o rted  for Coniopteryx pygmaea, Hemerobius contu­
max a n d  Sympherobius pellucidus.
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Table V. Index of abundance (n), proportions (%) and frequency (F) of particular Ncuropteridn species re­
corded in fir canopies of the forests of tire different regions studied.

Geographical zones Mountains Uplands Lowlands
Total F

Regions Beskid Sądecki Córy Święto­
krzyskie

Wysoczyzna
Łódzka

N o Species n % n % n % n % (% )
Rapliidiuptera

1 Phaeostigma notnta (Fabr.) 0.06 0.20 0.31 1.47 0.57 1.91 0.313 1.17 92
2 Dichrostigma flavipes (S tein ) - - 0.17 0.81 1.58 5.31 0.583 2.18 50
3 Xauthostigma xanthostigma (SC H U M M .) - - - - 0.02 0.07 0.007 0.03 8
4 Rapliidia ophiopsis ophiopsis L. - - - - 0.02 0.07 0.007 0.03 8
5 Punclw ratzeburgi (B rau .) 0.03 0.09 0.01 0.05 0.01 0.03 0.017 0.06 33
6 Inocellia cmssicornis (Schum m .) - - 0.03 0.14 0.02 0.07 0.016 0.06 25

Ncuroytera
7 Coniopteryx tineiformis C u r t. - - 0.15 0.71 0.04 0.13 0.063 0.24 25
8 Coniopteryx pygmaea End. 21.11 72.10 3.27 15.55 12.39 41.61 12.256 45.92 100
9 Pnrasemidalisfuscipemiis (R eu t.) 0.25 0.84 0.61 2.90 0.63 2.12 0.497 1.86 100
10 Semidalis aleyrodiformis ( S t e p h . ) - - - - 0.11 0.37 0.037 0.14 17
11 Comuentzia psocifonnis (C u rt.) - - - - 0.01 0.03 0.003 0.01 8
12 Comoentzia pineticola End. 0.06 0.20 5.07 24.10 3.40 11.42 2.843 10.65 92
13 Drepancpteryx phalaenoides L. - - 0.11 0.52 0.06 0.20 0.057 0.21 25
14 Drepancpteryx algida (E rich s.) 0.01 0.05 0.04 0.19 - - 0.017 0.06 25
15 Wesmaelius concinnus (Steph.) 0.34 1.17 0.10 0.48 0.49 1.64 0.309 1.16 75
16 Wesmaelius quadrifasciatus (R eut.) 0.47 1.61 0.13 0.62 0.10 0.33 0.232 0.87 50
17 Wesmaelius nervosus (Fabr.) - - 0.01 0.05 - - 0.003 0.01 8
18 Wesmaelius subnebulosus ( S t e p h . ) 0.01 0.05 - - - - 0.003 0.01 8
19 Wesmaelius ravus (W ith ycom b e) - - 0.01 0.05 - - 0.003 0.01 8
20 Wesmaelius mortoni (M c L a c h l.) 0.03 0.09 - - - - 0.010 0.04 8
21 Hemcrobius humulinus  L. 0.21 0.71 0.18 0.86 0.24 0.81 0.209 0.78 83
22 Hemerobius stigma S t e p h . 0.68 2.33 0.92 4.37 1.78 5.98 1.127 4.22 83
23 Hemcrobius pitii S teph. 0.05 0.17 0.01 0.05 0.08 0.27 0.047 0.18 58
24 Hemerobius contumax T je d . 2.04 6.97 1.53 7.28 1.02 3.43 1.530 5.73 100
25 Hemerobius atrifron M c L a c h l. 0.10 0.34 0.13 0.62 0.08 0.27 0.102 • 0.38 50
26 Hemerobius nitidulus  Fabr. 0.03 0.09 0.01 0.05 0.03 0.10 0.023 0.09 42
27 Hemerobius micans O l iv . 0.03 0.09 0.03 0.14 0.01 0.03 0.023 0.09 33
28 Symphcrobius elegans (Steph.) - - - - 0.06 0.20 0.020 0.07 17
29 Sympherobiusfuscescens (W a ll .) 0.01 0.05 - - - - 0.003 0.01 8
30 Symphcrobius pellucidus (W alk .) 0.58 1.97 1.78 8.46 1.37 4.60 1.244 4.66 100
31 Nothochrysa fidviceps (S teph.) - - 0.04 0.19 - - 0.013 0.05 8
32 Notliochrysa capitata (Fabr.) 1.20 4.09 0.88 4.18 0.11 0.37 0.730 2.74 75
33 Niueta flava  (SCOP.) 0.27 0.92 0.57 2.71 0.13 0.44 0.323 1.22 58
34 Nineta vittata  (W esm.) 0.05 0.17 0.07 0.33 0.01 0.03 0.043 0.16 33
35 Nineta pallida (SCHN.) 0.05 0.17 0.15 0.71 0.13 0.44 0.110 0.41 75
36 Chrysotropia ciliata (WESM.) - - 0.16 0.76 - - 0.053 0.20 17
37 Chrysopa pollens (R a m b .) 0.72 2.45 0.25 1.19 0.16 0.54 0.377 1.41 75
38 Dichochrysa flavifrons (B rau .) - - 0.11 0.52 0.29 0.97 0.133 0.50 67
39 Dichochrysa prasina (Burm.) - - 0.15 0.71 1.56 5.24 0.570 2.14 67
40 Dichochrysa abdominalis (B rau .) - - 1.39 6.61 0.75 2.52 0.713 2.67 58
41 Dichochrysa ventralis (C u rt.) 0.01 0.05 0.43 2.04 0.21 0.71 0.217 0.81 67
42 Peyerimhoffina gracilis (S ch n .) 0.67 2.28 0.37 1.76 0.57 1.91 0.537 2.01 92
43 Chrysoperla cornea ( S t e p h . )  s.1. 0.01 0.05 0.38 1.81 1.34 4.50 0.577 2.16 58
44 Cunctochrysa albolineata ( K i l l . ) 0.20 0.68 1.47 7.00 0.40 1.34 0.690 2.58 83

Total 29.28 100.00 21.03 100.00 29.78 100.00 26.69 100.00
Number of species 28 36 36 44
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Table VI. N um ber of Neuropterida ind iv iduals caught in fir canopies of the forests stud ied  in particular m onths and years (from M ay to October).

Years 1993 1994 Total
' Months

No Species -----------_ V VI VII VIII IX X Total V VI VII VIII IX X Total V VI VII VIII IX X Total
1 Phaeostigma notata 38 11 3 1 53 1 2 3 6 39 13 6 1 59
2 Dichrostigma flavipes 54 8 1 63 1 12 7 1 21 55 20 8 1 84
3 Xan thostigma xanthostigma 0 1 1 1 1
4 Rapliidia ophiopsis ophiopsis 0 1 1 1 1
5 Puncha ratzeburgi 2 1 1 4 0 2 1 1 4
6 Inocellia crassicornis 2 2 1 1 2 1 3
7 Con iopteryx tineiformis 1 1 8 2 1 11 8 2 2 12
8 Coniopteryx pygmaea 542 64 64 436 51 2 1159 235 1168 52 76 16 1 1548 777 1232 116 512 67 3 2707
9 Parasemidalis fuscipenrtis 30 7 20 18 1 76 4 4 14 22 34 11 34 18 1 98
10 Semidalis aleyrodiformis 7 2 9 0 7 2 9
11 Conwentzia psociformis 1 1 0 1 1
12 Conwentzia pineticola 39 52 261 171 12 1 536 21 4 25 60 56 261 171 12 1 561
13 Drepanepteryx phalaenoides 0 1 8 1 1 11 1 8 1 1 11
14 Drepnnepteryx algida 0 4 4 4 4
15 Wesmaelius concinnus 2 2 1 4 32 25 62 1 6 32 25 64
16 Wesmaelius quadrifasciatus 1 1 2 1 5 1 2 12 32 47 1 3 13 34 1 52
17 Wesmaelius nervosus 0 1 1 1 1
18 Wesmaelius subnebulosus 0 1 1 1 1
19 Wesmaelius ravus 1 1 0 1 1
20 Wesmaelius mortoni 0 2 2 2 2
21 Hemerobius humulinus 4 2 1 3 1 11 1 3 27 4 1 36 5 2 4 30 5 1 47
22 Hemerobius stigma 2 2 5 6 2 17 4 19 112 75 210 6 21 117 81 2 227
23 Hemerobius pini 1 2 3 2 1 3 6 3 3 3 9
24 Hemerobius contumax 9 19 24 55 17 124 45 37 30 75 41 5 233 54 56 54 130 58 5 357
25 Hemerobius atrifrons 1 1 6 6 6 2 20 6 6 7 2 21
26 Hemerobius nitidulus 0 1 2 2 5 1 2 2 5
27 Hemerobius micans 0 1 1 2 1 5 1 1 2 1 5
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Neuropterida of fir forests

Years 1993 1994 Total

Months
No Species V VI VII VIII IX X Total V VI VII VIII IX X Total V VI VII VIII IX X Total

28 Sympherobius elegans 2 2 0 2 2

29 Sympherobius fuscescens 1 1 0 1 1

30 Sympherobius pellncidus 16 20 25 49 3 113 28 64 42 23 8 1 166 44 84 67 72 11 1 279

31 Nothochrysa fulviceps 0 2 1 3 2 1 3

32 Nothochrysn capitnta 4 24 11 39 6 57 61 124 10 81 72 163

33 Nineta flava 4 1 5 1 33 38 72 1 37 39 77

34 Nineta vittata 1 1 9 9 1 9 10

35 Nineta pallida 1 4 4 1 10 1 6 6 13 2 10 10 1 23

36 Chrysotropia ciliata 3 1 1 5 3 4 7 3 4 5 12

37 Chrysopa pallens 3 2 5 2 22 59 83 2 25 61 88

38 Dichochrysa flavifrons 5 5 1 11 4 6 10 9 11 1 21

39 Dichochrysa prasina 2 16 8 26 74 15 89 2 90 23 115

40 Dichochrysa abdominalis 15 8 1 24 54 72 126 69 80 1 150

41 Dichochrysa ventralis 4 8 2 14 23 7 30 4 31 9 44

42 Peyerimhoffina gracilis 7 4 16 17 11 15 70 3 4 7 15 9 2 40 10 8 23 32 20 17 110

43 Chrysoperla carnea s. 1. 5 3 4 2 14 10 76 16 102 5 13 76 20 2 116

44 Cunctochrysa albolineata 1 9 3 13 1 59 76 136 2 68 79 149

Total 751 209 515 814 110 22 2421 356 1342 670 802 107 12 3289 1107 1551 1185 1616 217 34 5710

Number of species 13 21 25 25 13 6 34 16 20 30 29 10 7 38 19 27 33 35 16 11 44
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Ecological characteristics

The n eu ro p te rid s  from  the fir forests s tu d ied  differed  in their h ab ita t p re fe rences as 
w ell as in the range of the ir ecological am p litu d e  (Table VII). O ver ha lf of th e m  (25) 
w ere poly-, oligo- or steno top ic  form s associated  w ith  coniferous w o o d lan d  (Table 
VIII). The total p ro p o rtio n  of the ir in d iv id u a ls  w as nearly  95% of the m ean  ab u n d a n c e  
of the com m unities in the m o n tan e  w o o d lan d s, 81% in the u p lan d  forests, a n d  85% in 
the low land  ones. O f po ly topes, Coniopteryx pygmaea w as the m ost n u m ero u s. A m ong  
the species w ith  a low er ecological am p litu d e , there  w ere a lot of Comuentzia pineticola, 
Hemerobius contumax and  Sympherobius pellucidus, fo llow ed by Nothochrysa capitata an d  
Dichochrysa abdominalis. In the  m o n tan e-u p lan d -lo w lan d  transect, the a b u n d an ce  
indices of these species took on  d ifferen t va lues (Table V). As the d istance  from  the 
m o u n ta in s  increased  the ab u n d an ces of Hemerobius contumax and  Nothochrysa capitata 
decreased , qu ite  u n like  th a t of Conwentzia pineticola; the la tter species reached a h ig h e r 
ab u n d an ce  in the u p la n d  and  lo w land  forests. Sympherobius pellucidus occu rred  in all 
the regions, b u t it w as m ost n u m ero u s in G óry Św iętokrzyskie, u n d e r the co n d itio n s 
of p ied m o n t clim ate.

Dichochrysa abdominalis an d  D . prasina are closely related  species w hich  h av e  only 
recen tly  been  sep a ra ted  (HÓLZEL 1998). D uring  the p resen t s tu d ies, n e ith er w as re ­
co rded  in the m o u n ta in s , b u t they  co-occurred in the tw o o ther regions; Dichochrysa 
abdominalis w as m ore a b u n d a n t in G óry Św iętokrzyskie  w hile  D . prasina in  W ysoc­
zyzna Łódzka. To date , D . abdominalis has only  been  recorded  from  a few E u ro p ean  
coun tries and  its ecological requ irem en ts are poo rly  know n. A ccord ing  to HÓLZEL & 
WlESER (1999), the species p refers Picea sp. in no t too d ry  habita ts. H ow ever, the  sp e ­
cies has also been  observed  ab u n d a n t on oak, Quercus pubescens (DUELLI 1989). The 
p resen t d a ta  show  that, in com parison  w ith  Dichochrysa prasina, D. abdominalis p re fe rs  
cooler and  m ore h u m id  habita ts.

N eu ro p te rid s  ecologically  associated  w ith  dec id u o u s w o o d lan d  b u t collected in  the 
fir forests (13 such  species w ere  recorded) constitu ted  less than  8% of the m ean  a b u n ­
dance  of the com m unities. Cunctochrysa albolineata, Dichochrysa prasina an d  Nineta  
flava, the m ost a b u n d a n t of these species, occurred  in all the regions, bu t the  g rea test 
n u m b ers  of in d iv id u a ls  w ere  collected in G óry Ś w iętokrzyskie  an d  W ysoczyzna 
Ł ódzka w h ere  fir co-occurs w ith  d ec iduous trees.

Chrysoperla carnea s.L, an  eu ry to p e  w ith  a very  w id e  range of ecological am p litu d e , 
w as barely  p resen t in Beskid Sądecki bu t its relatively  h igh  p ro p o rtio n  w as reco rd ed  
from  the forests in W ysoczyzna Ł ódzka w here  fir co-occurs w ith  oak  (Quercus sp.).

Fir forests are  first of all p o p u la ted  by n eu ro p te rid  species w hose  therm al req u ire ­
m en ts are m o d era te  an d  w h o se  tolerance of h igh  h u m id ity  is qu ite  good. The p ro p o r­
tion of m ore th e rm o p h ilo u s  species, w hich  w as low  in the m oun ta in s , k ep t increasing  
in the o ther regions. The ab u n d an ce  of Phaeostigma notata, Comuentzia pineticola, 
Parasemidalis fuscipennis, Hemerobius stigma an d  Sympherobius pellucidus in the u p lan d  
an d  low land  forests w as h ig h er than  tha t in the m on tane  ones. X eroph ilous n e u ro p te r­
ids occurred  in the forests only  sporad ically . O f the species w hose  p re su m ed  h ab ita t 
o p tim u m  lies in p in e  forest, in d iv id u a l Xanthostigma xanthostigma, Raphidia ophiopsis

http://rcin.org.pl



Neuropterida of fir forests 4 7

ophiopsis, Inocellia crassicornis and  Hemerobius nitidulus w ere  found  w h ile  only  Wesma- 
elius concinnus and  Hemerobius stigma w ere  collected on fir m ore frequen tly .

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

No Species Ecological element*
1 Phaeostigma notata (F a b r .) Polytope of coniferous forests
2 Diclirostigma flavipes (STEIN) Oligotope of dry coniferous forests and dry grasslands
3 Xanthostigma xanthostigma (SCHUM M .) Stenotope of dry pine forests
4 Raphidia ophiopsis ophiopsis L. Stenotope of dry pine forests
5 Puncha ratzeburgi (B r a u .) Stenotope of dry coniferous forests
6 Inocellia crassicornis (SCHUM M .) Stenotope of dry pine forests
7 Coniopteryx tineiformis CURT. Oligotope of warm deciduous forests
8 Coniopteryx pygmaea E n d . Polytope of coniferous forests
9 Parasemidalis fuscipennis (R e u t .) Oligotope of warm coniferous forests
10 Semidalis aleyrodiformis (STEPH.) Oligotope of warm deciduous forests
11 Conwentzia psocifonnis (CURT.) Oligotope of warm deciduous forests
12 Conwentzia pineticola E n d . Oligotope of warm coniferous forest
13 Drepanepteryx phalaenoides L. Polytope of deciduous and coniferous forests
14 Drepanepteryx algida (ERICHS.) Stenotope of cold coniferous forests
15 Wesniaelius concinnus (STEPH.) Oligotope of warm coniferous forests
16 Wesniaelius quadrifasciatus (REUT.) Stenotope of cold coniferous forests
17 Wesniaelius nervosus (F a b r .) Polytope of deciduous and coniferous forests
18 Wesniaelius subnebulosus (STEPH.) Oligotope of warm deciduous forests
19 Wesniaelius ravus (WlTHYCOMBE) Stenotope of dry coniferous forests
20 Wesniaelius niortoni (M cL A C H L .) Stenotope of dry coniferous forests
21 Hemerobius humulinus L. Polytope of deciduous and coniferous forests
22 Hemerobius stigma STEPH. Polytope of coniferous forests
23 Hemerobius pini STEPH. Stenotope of cold coniferous forests
24 Hemerobius contumax TjED. Stenotope of humid coniferous forests
25 Hemerobius atrifrons M c LA C H L. Stenotope of cold coniferous forests
26 Hemerobius nitidulus F a b r . Stenotope of dry pine forests
2 7 Hemerobius micans OLIV. Polytope of deciduous forests
28 Sympherobius elegans (STEPH.) Oligotope warm deciduous forests
29 Sympherobius fuscescens ( W a l l .) Stenotope of dry coniferous forests
3 0 Sympherobius pellucidus ( W a l k .) Stenotope of humid coniferous forests
31 Nothochri/sa fulviceps (STEPH.) Stenotope of humid deciduous forests
3 2 Nothochrysa capitata (F a b r .) Stenotope of humid coniferous forests
3 3 Nineta flava (SCOP.) Polytope of deciduous forests
3 4 Nineta vittata (W ESM .) Polytope of deciduous forests
3 5 Nineta pallida (SC H N .) Stenotope of humid coniferous forests
3 6 Chn/sotropia ciliata (W ESM .) Stenotope of humid deciduous forests
37 Chrysopa pallens (R a m b .) Polytope of deciduous and coniferous forests
3 8 Diclmchnjsa flavifrons (B r a u .) Oligotope of warm deciduous forests
39 Dichochrysa prasina (BURM .) Oligotope of warm deciduous forest
4 0 Dichochrysa abdominalis (B r a u .) Oligotope of humid coniferous forests?
41 Dichochrysa ventralis (CURT.) Polytope of deciduous and coniferous forests
42 Peyerimhoffina gracilis (SC H N .) Stenotope humid coniferous forests
43 Chrysoperla carnea (STEPH.) sd. Eurytope (ubiquitous species)
44 Cunctochrysa albolineata (K i l l .) Oligotope of humid deciduous forests

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

Geographical zones Mountains Uplands Lowlands

Regions
Beskid

Sądecki
Góry

Świętokrzyskie
W ysoczyzn

Łódzka
a Total

Elements N % n % N % n % N % n % N % n %

Poly topes of coniferous 
forests

3 10.7 21.85 74.6 3 8.3 4.50 21.4 3 8.3 14.74 49.4 3 6.8 13.70 51.3

Oligotopes of coniferous 
forests

3 10.7 0.65 2.2 5 13.9 7.34 34.9 5 13.9 6.85 23.0 5 11.4 4.94 18.5

Stenotopes of coniferous 
forests

13 46.5 5.27 18.0 13 36.1 5.08 24.1 13 36.1 3.56 12.0 17 38.6 4.63 17.3

Polytopes of deciduous 
forests

3 10.7 0.35 1.2 3 8.3 0.67 3.2 3 8.3 0.15 0.5 3 6.8 0.39 1.5

Oligotopes of deciduous 
forests

2 7.1 0.21 0.7 4 11.1 1.88 8.9 7 19.5 2.47 8.3 8 18.2 1.52 5.7

Stenotopes of deciduous 
forests - - - - 2 5.6 0.20 1.0 - - - - 2 4.6 0.07 0.3

Poly topes of deciduous 
and coniferous forests

3 10.7 0.94 3.2 5 13.9 0.98 4.7 4 11.1 0.67 2.3 5 11.4 0.86 3.2

Eurytopes (=ubiquists) 1 3.6 0.01 0.1 1 2.8 0.38 1.8 1 2.8 1.34 4.5 1 2.3 0.58 2.2

Specificity of the neuropterid fauna of fir forest

A. alba is a m o n tan e  tree species w ith  a h igh ly  lim ited  and  frag m en ted  range. The 
questio n  therefo re  arises w h e th e r the n eu ro p te rid  fauna of forest associa tions w ith  fir 
differs in any  p a rticu la r w ay  from  that of firless forest of lo w la n d -u p la n d  P o land . In 
o rd e r to an sw er th is question , a com parison  w as m ade betw een  the  n e u ro p te rid s  of fir 
forest an d  of the forest associations characteristic  of lo w lan d -u p lan d  P o land , i.e. m oist 
p ine , m ixed  an d  linden -oak -ho rnbeam  forest (after C z e c h o w s k a  1997).

As the resu lts  sho w  (Tables IX, X), the n eu ro p te rid  fauna of fir fo rest w as the m ost 
sim ilar to th a t of m o ist p in e  w ood lan d . H ow ever, this sim ilarity  ap p lie s  to the species 
com position  (28 sh a red  species, So=75%) m ore than  to the d o m in an ce  s tru c tu re  
(M o=0.57). The p resence  of Coniopteryx pygmaea in the g ro u p  of d o m in a n ts  w as a sig ­
n ifican t sh a red  fea tu re  in the s tru c tu re  of the faunas of p ine  w o o d la n d  an d  fir forest. 
S ignificant d ifferences in the stru c tu res  com pared  ap p ly  to the p e rcen tag e  of Raphidi- 
optera, w hose  p ro p o rtio n  in fir forest w as m in im al (3.5%), w h ereas  in  p in e  w o o d lan d  it 
reached  n early  25% (Table IX).

The p resence of m o n tan e  species (Puncha ratzeburgi, Hemerobius contumax, 
Sympherobius pellucidus, Nothochrysa capitata, Nineta pallida and  Peyerimhoffina gracilis) 
w as a pecu lia r tra it of the fir forest fauna. The p ro p o rtio n  of th e ir in d iv id u a ls  in the 
en tire  m ateria l w as 15.6%, and  in the m ateria l from  p articu la r reg io n s it ranged  from  
11 to 23% (Tables II, III, IV, V). Hemerobius contumax and  Sympherobius pellucidus 
sho w ed  the g rea test shares (ca 5-6% ) an d  the g reatest frequency  (F=100%) in all fir 
forests com bined  (Table V). Nothochrysa capitata and  Peyerimhoffina gracilis, too, w ere  
ch aracterised  by  g rea t constancy  (75-92%) and  considerab le  sh a re  (ca 2-3% ). O f the
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other tw o  species, Nineta pallida (75%) w as m o re  constan t than  Puncha ratzeburgi (33%), 
b u t in respect of p ro p o rtio n  (<1%) both  species rep resen ted  an  accessory  elem ent in 
the fauna of fir canopies.

All of these m on tane  species have  a sm all range w ith  the cen tre  in C en tra l E urope. 
The d is trib u tio n  of their sites is largely  in line w ith  th a t of the m o u n ta in  ranges; only 
in the n o rth e rn  p a rts  of their te rrito ry  do  they  occur in low lands. In the w est of 
Europe, these species do  no t occur beyond  the  Pyrenees, and  in the east b ey o n d  the 
C arpa th ians. The n o rth e rn m o st records of som e of them  are in the B ritish  Isles and  in 
the so u th  of N orw ay , Sw eden  and  F inland. In the sou th  of E urope, th ey  reach  the 
so u th e rn m o st p a rts  of G reece an d  Italy. O u ts id e  E urope, iso lated  reco rd s of som e of 
these species lie in the C aucasus, in  the m o u n ta in s  of A sia M inor an d  in n o rth -easte rn  
Africa (ASPÓCK et al. 1980, 2001). W ith in  the ir range, these insects are m o stly  cap tu red  
on  conifers (Picea, Abies, Pinus), b u t som e on  d ec id u o u s trees as w ell.

Table IX. Occurrence of particular species of Neuropterida in fir forest, moist pine forest (Peucedano-Pinetum 
and Leucobryo-Pinetum), mixed pine forest (Querco roboris-Pinetum) and linden-oak-hornbeam forest (Tilio- 
Carpinetum); n -  index of abundance, % -  proportions, + -  < 0. 01, * -  date by C Z E C H O W SK A  (1997)).

Forest types Fir forest
Moist pine 

forest*
Mixed pine 

forest*

Linden-oak-
hornbeam

forest*
No Species n % n % n % n %

1 Phaeostigma notata (FABRICIUS, 1 7 8 1 ) 0 .31 1.2 0 .5 0 3 .5 0 1 .4 2 3 .5 0 .1 6 0 .4

2 Phaeostigma major (B u r m e is t e r , 18 3 9 ) - - - - - - 0 .0 4 0.1

3 Diclirosłigma flavipes (STEIN, 18 6 3 ) 0 .5 8 2 .2 0 .1 0 0 .6 9 - - - -

4 Xantlwstigma xanthostigma (S c h u m m e l , 18 3 2 ) 0 .01 0 .0 2.41 1 6 .6 6 0 .3 5 0 .9 + +

5 Raphidia ophiopsis ophiopsis LINNAEUS, 175 8 0 .01 0 .0 0 .3 9 2 .7 0 0 .0 5 0.1 - -

6 Puncha ratzeburgi (B r a u e r , 1 8 7 6 ) 0 .0 2 0.1 - - - - - -

7

8

Inocellia crassicornis (SCHUMMEL, 18 3 2 )  

Aleuropteryx loewii K l a p a l e k , 1894

0 .0 2 0.1 0 .1 9

0 .0 7

1.31

0 .4 8

0 .0 2

0 .0 4

0.1

0.1

— —

9 Coniopteryx tinciformis CURTIS, 1 8 3 4 0 .0 6 0 .2 - - - - 0 .1 4 0 .4

10 Coniopteryx borealis Tj e d e r , 19 3 0 - - - - - - 0 .0 2 0.1

11 Coniopteryx pygmaea ENDERLEIN, 1906 1 2 .2 6 4 5 .9 2 2 .7 7 1 9 .1 4 2.01 4 .9 0 .0 2 0.1

12 Coniopteryx haematica M c L a c h l a n ,  18 6 8 - - - - - - 0 .0 5 0.1

13 Parasemidalis fuscipennis (REUTER, 1 8 9 4 ) 0 .5 0 1 .8 6 0 .3 7 2 .5 6 0 .0 9 0 .2 - -

14 Semidalis aleyrodiformis (STEPHENS, 1 8 3 6 ) 0 .0 4 0 .1 4 - - 0 .0 6 0.1 0 .0 2 0.1

15 Conwentzia psociformis (CURTIS, 1 8 3 4 ) + + - - 0 .0 4 0 .1 0 .0 5 0.1

16 Comuentzia pineticola ENDERLEIN, 1905 2 .8 4 10 .6 5 0 .0 9 0 .6 2 0 .1 6 0 .4 - -

17 Drepanepteryx phalaenoides (LINNAEUS, 1 7 5 8 ) 0 .0 6 0.21 + + 0 .0 6 0.1 0 .0 4 0.1

18 Drepanepteryx algida (ERICHSON, 18 5 1 ) 0 .0 2 0 .0 7 - - - - - -
19 Wesmaelius concinnus (STEPHENS, 18 3 6 ) 0 .31 1.16 2 .6 5 1 8 .3 0 0 .2 7 0 .7 0 .0 4 0.1

2 0 Wesmaelius quadrifasciatus (REUTER, 1 8 94 ) 0 .2 3 0 .8 7 - - - - 0 .0 8 0 .2

21 Wesmaelius nervosus (FABRICIUS, 1 7 93 ) + + 0 .0 2 0 .1 4 0 .0 8 0 .2 0 .0 4 0.1

2 2 Wesmaelius subnebulosus (STEPHENS, 18 3 6 ) + + - - - - - -

2 3 Wesmaelius ravus (WlTHYCOMBE, 1 9 2 3 ) + + - - - - - -
2 4 Wesmaelius mortoni M c L a c h l a n ,  1 8 9 9 ) 0 .01 0 .0 4 0.01 0 .0 7 0 .0 4 0.1 - -
2 5 Hemerobius humulinus L IN N A E U S , 1 7 58 ) 0 .21 0 .7 8 0 .41 2 .8 0 0 .9 7 2 .4 1 .0 4 2 .8

2 6 Hemerobius stigma STEPHENS, 1 8 3 6 1 .1 3 4 .2 2 1 .2 2 8 .4 3 0 .51 1 .3 - -
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Table IX (continued).
No S p e c ie s n % n % n •% n %

2 7 Hemerobius pini STEPHENS, 1 8 3 6 0 .0 5 0 .1 8 0 .0 3 0.21 0 .0 4 0.1 - -
28 Hemerobius contumax T je d e r ,1 9 3 2 1 .53 5 .7 3 - - - - - -
29 Hemerobius fenestratus T jED ER , 1 9 3 2 - - 0 .01 0 .0 7 - - - -

30 Hemerobius atrifrons M CLACH LAN 1 8 6 8 0 .1 0 0 .3 8 + + - - 0 .0 7 0 .2

31 Hemerobius nitidulus F a b r ic i u s  1 7 7 7 0 .0 2 0 .0 9 0 .6 5 4 .4 9 0 .3 9 1 - -

32 Hemerobius micans O l iv ie r , 1 7 9 2 0 .0 2 0 .0 8 0 .0 2 0 .1 4 0.1 0 .2 0 .1 6 0 .4

33 Hemerobius marginatus STEPHENS, 1 8 3 6 - - - - - - + +

34 Sympherobius pygmaeus (R a m b u r , 18 4 2 ) - - - - 0 .0 4 0.1 - -

35 Sympherobius elegans (STEPHENS,1 8 3 6 ) 0 .0 2 0 .0 7 - - 0 .0 2 0.1 - -

36 Sympherobius fuscescens (WALLENGREN, 1 8 6 3 ) + + 0 .0 2 0 .1 4 0 .0 6 0.1 - -

3 7 Sympherobius pellucidus (WALKER, 18 5 3 ) 1 .24 4 .6 6 - - - - - -

38 Sympherobius klapnleki ZELENY, 1 9 6 3 - - - - - - 0 .1 6 0 .4

39 Nothochrysa fulviceps (STEPHENS, 1 8 3 6 ) 0 .01 0 .0 5 - - - - - -

40 Nothochrysa capitata (F a b r ic i u s , 1 7 9 3 ) 0 .7 3 2 .7 4 0 .0 4 0 .2 8 - - - -

41 Nineta flavn (SCOPOLI, 1 7 6 3 ) 0 .3 2 1 .22 0 .0 7 0 .4 8 0.1 0 .2 7 .4 1 9 .8

42 Nineta vittata (WESMAEL, 1 8 4 1 ) 0 .0 4 0 .1 6 0 .0 4 0 .2 8 0 .6 3 1 .6 0 .8 3 2 .2

4 3 Nineta inpunctata (REUTER,1 8 9 4 ) - - - - - - 0 .0 4 0.1

4 4 Nineta pallida (SCHNEIDER, 1 8 4 6 ) 0 .11 0.41 - - - - - -

45 Chrysotropia ciliata (WESMAEL, 1 8 4 1 ) 0 .0 5 0 .2 0 0 .0 2 0 .1 7 0 .7 3 1 .8 1 0 .6 2 8 .5

46 Chrysopa perla (LINNAEUS, 1 7 5 8 ) - - 0 .01 0 .0 7 - - 0 .0 2 0.1

4 7 Chrysopa dorsalis BURMEISTER, 183 9 - - - - 0 .0 4 0.1 - -

4 8 Chrysopa pallens (R a m b u r , 18 3 8 ) 0 .3 8 1.41 0 .3 5 2 .4 2 1 .1 5 2 .8 0 .8 7 2 .3

4 9 Dichochrysa flavifrons (B r a u e r , 1 8 5 0 ) 0 .1 3 0 .5 0 - - - - - -

5 0 Dichochrysa prasina (BURMEISTER, 1 8 3 9 ) 0 .5 7 2 .1 4 1 .2 5 8 .61 24 5 8 .9 5 .4 6 14 .6

51 Dichochrysa abdominalis (B R A U E R , 1 8 5 6 ) 0 .71 2 .6 7 ? ? ? ? ? ?

5 2 Dichochrysa ventral is (CURTIS, 1 8 3 4 ) 0 .2 2 0 .81 0 .0 6 0 .41 0 .4 6 1.1 0 .1 6 0 .4

53 Peyerimhoffina gracilis (SCHNEIDER, 18 5 1 ) 0 .5 4 2 .01 - - - - - -

54 Chrysoperla carnea (STEPHENS, 1 8 3 6 ) s.l. 0 .5 8 2 .1 6 0 .5 2 3 .5 9 6.6 16 .2 9 .2 4 2 4 .7

55 Cunctochrysa albolineata (K il l i n g t o n , 1 9 3 5 ) 0 .6 9 2 .5 9 0 .1 8 1 .2 4 0 .21 0 .5 0.6 1 .6

Index of total abundance 2 6 .3 7 1 0 0 .0 0 1 4 .4 7 1 0 0 .0 0 4 0 .7 4 100.00 3 7 .3 9 1 0 0 .0 0

N u m b e r  of s p e c ie s 44 31 31 28

Table X. Similarities of species composition (%) and similarity of dominance structures between the com­
munities of Neuropterida from the particular types of forests.
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The m ateria l also con tained  the fo llow ing bo reo -m on tane  species: Drepanepteryx al- 
gida, Wesmaelius quadnfasciatus and  Hemerobius atrifrons. These occu rred  m o st fre­
quen tly  on trees of the genus Larix.

Role and importance of neuropterids

N early  86% of the  species reco rded  from  fir canopies, and  97% of the  in d iv id u a ls , 
be longed  to the  o rd e r Nenroptera. D om inan t w ere sm all species of the fam ilies Coniop- 
terygidae an d  Hemerobiidae liv ing on conifers and  u sua lly  p ro d u c in g  tw o  gen era tio n s 
p e r  season. D ue to their sho rt d eve lopm en ta l cycle and  troph ic  scale lim ited  to p h y to ­
phages of conifers, these species m ay  be very  effective b io reg u la to rs  of p h y to p h ag es  
of fir. V arious dev e lo p m en ta l stages of Hemiptera and  Acari are the ir p re fe rred  prey. 
The ab u n d an ce  of lacew ings trophically  associated  w ith  en to m o fau n a  of conifers in 
the forest associations varied . The h ighest abundance  w as reco rded  in the m o n tan e  fir 
forests w ith  som e o ther conifers (spruce, p ine, larch). The species also reach ed  a h igh  
ab u n d an ce  in the lo w lan d  forests w here  fir co-occurred w ith  pine.

A low er ab u n d an ce  of n eu ro p te rid s  associated  w ith  conifers w as reco rd ed  in the 
fir fo rests in  G óry  Ś w iętokrzyskie. D ue to a considerab le  loss of fir, h ab ita ts  w ith  
o rig inally  d en se  s tan d s of Abietetum polonicum  h ave  u n d erg o n e  changes fav o u rab le  for 
beech. As a re su lt of the presence of beech, and  of o ther d ec id u o u s trees, the  n eu ro p - 
te rid  com m u n ities  in fir canopies here, in com parison  w ith  th a t of a typ ica l m o n tan e  
fir forest, h ad  a h ig h er p ro p o rtio n  of ind iv id u a ls  of m ore p o ly p h ag o u s  species, bo th  
those  liv ing  on conifers and  those associated  w ith  dec id u o u s trees; the p ro p o rtio n  of 
form s p referrin g , or even  exclusively associated  w ith , en tom ofauna  of d e c id u o u s  trees 
w as h igher. M oreover, the percen tage  of un ivo ltine  species of the fam ily  Chrysopidae 
w as h ig h er w hile  th a t of b ivo ltine  species of the fam ilies Coniopterygidae an d  Hemero­
biidae low er (Table I, V). Bearing in  m ind  the fact tha t the ecological eq u ilib riu m  in the 
fir fo rests of th is reg ion  is g rea tly  d is tu rb ed  and  tha t the h ealth  of fir is p oo r, the  low 
a b u n d an ce  of troph ica lly  specialised  p red a to rs  is an u n fav o u rab le  p h en o m en o n . Ac­
co rd in g  to S aw oniew icz (pers. com m .), fir tw igs w hich  w ere c lipped  in  o rd e r  to d e ­
te rm in e  the ab u n d an ce  of to rtric id  larvae5 w ere thickly coated  w ith  ap h id s . Very 
a b u n d a n t ap h id  p o p u la tio n s  m ean  that the species has too few n a tu ra l enem ies. This 
m ay  lead to fu rth e r d e te rio ra tio n  of the fir tree stands.

CONCLUSIONS

A n analysis of the m aterial collected on A. alba in m ontane, u p lan d  an d  low land  
forests p ro v id ed  evidence of variability  of the neu rop terid  fauna b ro u g h t ab o u t by 
reg ional and  local hab ita t conditions. C lim ate is the basic factor affecting the 
d ifferen tia tion  of flora an d  fauna. W hen exceeding the m oun ta in o u s areas, fir en ters a 
zone  of w arm er and  d rier clim ate w ith  less precipitation . C lim atic changes an d  the

5 E v e n  d u r in g  SAW ONIEW lCZ's (1 9 9 6 ) s t u d ie s ,  th e  a b u n d a n c e  o f  to r tr ic id  c a te r p i l la r s  w a s  a lr e a d y  m in im a l .  

T h is  m e a n s  th a t  t h e  s ta te  o f  th e  n e u r o p te r id  c o m m u n it ie s  p r e s e n t e d  in  th is  p a p e r  a p p l ie s  to  a  p o s t - o u t b r e a k  

p e r io d .
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consequent changes in species com positions of forest associations w ith  fir w ere  reflected 
in the com position , species richness and  structu re  of the neu rop terid  com m unities. The 
g reatest stability  of the species com position and  quan tita tive  structures w a s  recorded  for 
the n eu ro p te rid  com m unities from  the m ontane fir forests. The least s tab le  in this 
respect w ere the com m unities from  the low land forests in w hich particu la r p a tch es of 
associations w ith  fir covered sm all areas and  the m icroclim ate w as very unstab le .

In sp ite of the species range of fir being fragm ented  into larger or sm aller patches, 
the n eu ro p te rid  faunas of the fir forests s tud ied  in d ifferent regions sho w ed  sign ifican t 
com m on features. Their core w as m ade u p  by  Coniopteryx pygmaea a n d  Conwentzia 
pineticola, bo th  species w ith  a w ide  geographic d istribu tion  and  a great ecological am p li­
tude. The presence of Puncha ratzeburgi, Hemerobius contumax, Sympherobius pellucidus, 
Nothochrysa capitatn, Nineta pallida and  Peyrimhoffina gracilis w as a characteristic  feature 
of the fauna of the fir forests. These species are typical of m ontane coniferous forest, and  
in P oland they  have  never been recorded  beyond  the natu ra l range of fir. A p art from  the 
above-m entioned  species, those rare in Poland and  in E urope included  Parasemidalis 
fuscipennis, Drcpanepteryx algida, Wesmaelius ravus, W. mortoni and  Nothochrysa fulviceps. 
A m ong these, only  P. fuscipennis stood ou t in respect of the great frequency  in  fir cano­
p ies in the forests stud ied . Dichochrysa abdominalis is a species new  to the  fauna of Po­
land. It has h itherto  been  recorded  in a few countries only, e.g. Italy, A ustria , S w itzer­
land  and  G erm any, and  its ecological preferences still poorly  know n. Special s tu d ies  on 
the d is tribu tion  of this species in Poland are to be carried out.

Fir declin ing  poses th rea t to the existence of n eu ro p te rid  species w ith  sm all ranges, 
species w hich, in  respect of hab ita t requ irem en ts, are associated  w ith  fir forest. O n the 
basis of the  g rea t ab u n d an ce  an d  occurrence constancy  of Hemerobius contumax  and  
Sympherobius pellucidus in  A. alba canopies, it seem s justified  to recognise them  as sp e ­
cies chiefly associa ted  w ith  this h ab ita t and  thu s the m ost th reatened .

The resu lts of the  s tu d y  as w ell as literature data  (ASPÓCK et al. 1980,1991, 2001) con­
cerning the occurrences of Puncha ratzeburgi, Hemerobius contumax, Sympherobius pellu­
cidus, Nothochrysa capitata, Nineta pallida, Peyerimhoffina gracilis and Parasemidalis fuscipen­
nis indicate th a t the d istribu tion  of these species, at least in som e parts  of their ranges, 
m ay be associated  w ith  the d istribu tion  of A. alba and  o ther species of th is genus. H o w ­
ever, the link can p rove to be no t too close, as these species m ay also occur on trees of 
the genera Picea and  Pinus. N evertheless, their records in boreal regions, beyond  the 
range of A. alba, lie u n d e r the clim atic conditions sim ilar to those in fir forest.

The p re sen t resu lts  m ay  serve as the basis for considering  Hemerobius contumax and  
Sympherobius pellucidus as species ind ica to ry  for C en tral E uropean  fir forest. Parasemi­
dalis fuscipennis h as a lread y  been  declared  an  ind ica to ry  species (G ep p  1999).
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STRESZCZENIE

[Tytuł: Raphidioptera i Neuroptera (Neuropterida) w  górskich , w y ży n n y ch  i n iz innych  
lasach Polski w  w ars tw ie  ko ro n  jodły Abies alba M il l .]

Jodła (Abies alba M il l .) jest eu rope jsk im  d rzew em  górsk im , k tó re  w  Polsce osiąga 
pó łnocno-w schodn ią  gran icę sw ego n a tu ra ln eg o  zasięgu  (Fig. 1, 2). U d zia ł jod ły  w  
całkow itej po w ie rzch n i leśnej kraju w y n o si niecałe 3%, a jej cen tru m  w y stęp o w an ia  
znajduje się w  K arpatach .

W o p raco w an iu  p rzed staw io n o  charak te ry s ty k ę  o w ad ó w  sia tk o sk rzy d ły ch  {Neu­
ropterida) w ystęp u jący ch  w  lasach jod łow ych . O m ów iono  sk ład  g a tu n k o w y , liczeb­
ność, s tru k tu rę  dom inacy jną , p rofil eko logiczny  zg ru p o w ań , fenologię o raz  znaczenie  
i rolę s ia tk osk rzyd łych . F aunę Neuropteridea lasów  jod łow ych  p o ró w n an o  z fauną 
innych  lasów  (borów  sosnow ych  św ieżych , m ieszanych  i g rądów ) w y stęp u jący ch  w  
n iz innych  i w y ży n n y ch  reg ionach  kraju.

S ia tkosk rzyd łe  (5720 im agines) zosta ły  zebrane w la tach  1993 i 1994 w  lasach Be­
sk idu  Sądeckiego, G ór Sw iętkorzysk ich  i W ysoczyzny Łódzkiej. W ym ien ione regiony, 
po łożone na ró żn y ch  w ysokościach  w  odm ien n y ch  w aru n k ach  k lim atycznych , tw orzą  
tran sek t pozw ala jący  p rześledz ić  zm ian y  następujące w faun ie  sia tk o sk rzy d ły ch  w  
m iarę  p o su w an ia  się jod ły  na północ.

A naliza m ateria łu  zeb ranego  na Abies alba w  lasach górskich, w y ży n n y ch  i n iz in ­
nych w y k aza ła  zm ienność  fauny  Neuropterida, u w aru n k o w an ą  reg io n a ln y m i i lokal­
nym i w a ru n k a m i sied liskow ym i. W ykraczając poza obszary  górskie, jod ła  w chodzi w  
strefę k lim atu  cieplejszego i suchszego , z m niejszą ilością o p ad ó w . Z m ian y  w  w a ru n ­
kach k lim atycznych  i idące w  ślad za tym  sk ładu  g a tu n k o w eg o  zb io ro w isk  leśnych z 
u d z ia łem  jod ły  zn a jdow ały  odzw ierc ied len ie  w  składzie, bogactw ie g a tu n k o w y m  i 
s tru k tu rz e  z g ru p o w a ń  s ia tkoskrzyd łych .

Z ebrane  sia tk o sk rzy d łe  należały  do  dw óch  rzędów  i pięciu  ro d z in  (Tab. I). W śród 
44 g a tu n k ó w  w y k azan y ch  ogółem , 24 w ystęp o w ały  w e w szystk ich  trzech  reg ionach  
(Tab. II, III, IV, V). Ś redn ie  p o d o b ień stw o  faun  (wg w zo ru  Sorensena) z poszczegó l­
nych  reg ionów  było w ysok ie  w ynosiło  bow iem  80%. N ajbardziej zb liżone sk łady  ga­
tu n k o w e  m iały  Neuropterida z lasów  w y ży n n y ch  i n iz in n y ch  (So=86%), sto su n k o w o  
najm niej p o d o b n e  były  n u ro p te ro fau n y  lasów  górskich i n iz in n y ch  (So=75%). W spól­
ną cechą s tru k tu ry  z g ru p o w a ń  s ia tkosk rzyd łych  z poszczegó lnych  reg io n ó w  była 
obecność jednego  lub  d w u  g a tu n k ó w  z ro d z in y  Coniopterygidae na  pozycjach  eudom i- 
nan tów . R óżnice do tyczy ły  kolejności g a tu n k ó w  na da lszych  pozycjach w  z g ru p o w a ­
niu. W  lasach górsk ich  w szęd z ie  p rzew aża ł Coniopteryx pygmaea, n a to m ias t w  w y ż y n ­
nych  i n iz innych  d o m in o w ały  w ym ienn ie  Coniopteryx pygmaea i Conventzia pineticola. 
S ieciarkam i naliczniej rep rezen to w an y m i w  całości m ateria łu  a za razem  w spó lnym i 
d la  w szy stk ich  trzech  reg ionów  były Coniopteryx pygmaea, Conventzia pineticola, Heme- 
robius contumax  i Sympherobius pellucidus. W skaźnik  p o d o b ień s tw a  s tru k tu r  dom ina- 
cyjnych  (w g w zo ru  M orisity) s ia tkosk rzyd łych  z lasów  p oszczegó lnych  reg ionów  
w yno sił śred n io  0,64. N ajbardziej p o d o b n e  do siebie po d  ty m  w zg lęd em  były  z g ru ­
p o w an ia  z  lasów  górsk ich  i n iz innych  (Mo=0,83) a n astęp n ie  n iz innych  i w y ży n n y ch
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(Mo=0,70). B ardzo  m ałe  p o d ob ieństw o  istn iało  natom iast m iędzy  s tru k tu rą  ilościow ą 
n eu ro p te ro fau n y  lasów  jod łow ych górskich  i w yżynnych  (Mo=0,39).

P od  w zg lęd em  ekologicznym , trzon  fauny  s ia tkosk rzyd łych  w e w szystk ich  
b ad an y ch  lasach, s tano w iły  gatunk i żyjące na d rzew ach  ig lastych, w ilgocio lubne lub  o 
dużej tolerancji w zg lęd em  w ilgotności środow iska. M arg inesow y udz ia ł m iały  form y 
kserofilne. Ich u d z ia ł, b a rd zo  niski w  lasach górskich, w zras ta ł nieco w  lasach w y ż y n ­
nych  i n iz innych  (Tab. VII, VIII).

F auna  b ad an y ch  lasów  jodłych po d  w zg lędem  sk ład u  gatun k o w eg o  okazała  się w  
d u ż y m  s to p n iu  p o d o b n a  do fauny  lasów  z n izinnych  i w yżnnych  reg ionów  kraju 
(Tab. IX, X), w  szczególności do fauny  borów  sosnow ych  (28 g a tunków  w spólnych , 
So=75%). R ysem  ch arak te ry s ty czn y m  fauny  s ia tkosk rzyd łych  lasów  jod łow ych  była 
obecność rzad k ich  g a tu n k ó w  górskich  (Puncha ratzeburgi, Hemerobius contumnx, Sym- 
pherobius pellucidus, Nothochrysa cnpitata, Ninetn pallida, Peyeńmhoffina gracilis), k tóre  w  
kraju  nie zostały  w y k azan e  poza  granicą na tu ra ln eg o  w y stęp o w an ia  jodły, a w ięc 
po za  52° szerokości północnej. W szystkie te ga tunk i ch arak teryzu ją  się m ałym i zasię­
gam i, z cen tru m  w y stęp o w an ia  w  E uropie  Środkow ej. Za g a tunk i w sk aźn ikow e dla 
lasów  jod łow ych  u zn an o  H. contwnax i S. pellucidus, z  u w ag i na ich w ysoką stałość 
w y stęp o w an ia  (100%) i znaczący udz ia ł ilościow y w ynoszący  o d p o w ied n io  ok. 6 i 5% 
całości zeb ranego  m ateria łu .

Lasy jod łow e by ły  zasied lane  g łów nie p rzez  gatunk i z rzęd u  Neuroptera, k tórych 
p o d s ta w o w y m  poży w ien iem  są różne  s tad ia  rozw ojow e p lusk w iak ó w  (Hemiptera), 
szczególn ie  m szyc. W ysoka liczebność sia tkoskrzyd łych , s tw ierdzona  w w iększości 
b ad an y ch  lasów , w skazu je , iż ow ad y  te m ogą być w ażn y m  ogn iw em  o d p o w ied z ia l­
nym  za og ran iczan ie  liczebności tych fitofagów  jodły.
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