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Changes in communities of longhorn and buprestid beetles (Coleoptera: 
Cerambycidae, Buprestidae) accompanying the secondary succession of 

the pine forests of Puszcza Białowieska

A bstract. R esults of a  study  of B uprestidae  and Ceram bycidae in the pine forests of Puszcza 
B iałowieska (NE Poland) are  p resen ted . 16 and 49 species have been registered respectively. 
S uccession  of th ese  taxons in  four age classes of forest stan d  (culture, young stand , pole wood, 
m atu re  stand) h as  been analysed, an d  conspicuous differences have been revealed in species 
com position, s tru c tu re  of dom inance, abundance  and  diversity.

INTRODUCTION

B eetles of th e  fam ilies Cerambycidae  and Buprestidae  are m ainly cambio- 
an d  xylophagous form s. 189 and  87 species of the  respective fam ilies have been  
recorded in  Poland to date. The num ber of species potentially associated  with 
th e  fresh  pine forest h a b ita t an d  its  p lan ts is abou t 55 and  abou t 25 respectively.

F resh  coniferous forests are the  dom inant hab ita t type of forest in  Poland. 
The identification of the ir fauna, including xylo- and  cam biophages, is, therefore, 
im portan t from  both  the cognitive and  practical point of view.

Puszcza Białowieska is a  un ique  area  of the best preserved forests in  the  entire 
E uropean  Lowlands. S tud ies conducted in Puszcza Białowieska m ake it possible 
to reg ister facts th a t  are no t likely to be detected in o ther areas, m ore affected 
by anthropopression. Owing to th is one m ay investigate relatively u n transfo rm ed  
population  s tru c tu re s  of the  species un d er study, th u s  serving a s  a  fram e of 
reference for the  resu lts  of sim ilar s tud ies carried out in o ther regions of Europe.

The aim  of th is  paper w as to investigate the secondary succession  of the 
Ceram bycidae  and  B uprestidae  fau n a  associated with forest s ta n d s  growing in 
a  fresh  coniferous forest h a b ita t in Puszcza Białowieska. T his is fu rth e r
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associa ted  with the identification of the trophic rela tions of individual species, 
th e ir  d istribu tion  in Puszcza Białowieska, com m unity s tru c tu re , etc.

The g ro u p s u n d er study , and  particularly  Buprestidae, have never before been 
th e  sub jec t of extensive succession-centred  investigations in  fresh  pine forests. 
P apers w ritten  to date  are concerned predom inantly  with the  en tom ofauna of 
pine forests in general, no t in  term s of forest age classes, or deal w ith a  pa rticu la r 
age class, e.g. young s tands.

R esearch over the  en tom ofauna of different h ab ita t types of forests, rank ing  
am ong th e  first su ch  en te rp rises  in the world, w as in itia ted  in  Puszcza 
Białow ieska before World War II by J . Karpiński. He explored, am ong other 
taxons, Cerambycidae  of th is  region, assigning each species to a  forest type he 
him self h ad  defined (Ka rpiński, 1949). In his study  of Pinetum typicum, which 
m ay be considered a  fresh  coniferous forest in the  c u rren t u n d ers tan d in g  of th is 
term , he m entioned 21 species. F u rth e r analysis of the d a ta  provided by 
Karpiński (op. cit.) h a s  been perform ed by S z u je c k i (1980).

The longho rn  beetle fau n a  of various forest h ab ita t types in  Puszcza 
Niepołom icka h a s  been described by Starzyk (1976), who noted 17 species in a  
fresh  coniferous forest, b u t did not b reak  the d a ta  down into age classes. The 
figure s ta n d s  for 21.8%  of the  total nu m b er of species analysed, and , in 
com parison  to 51 species recorded in the  fresh  m ixed forest or 50 reg istered  in 
th e  hum id  forest, is ra th e r  low.

T omalak (1984), who studied  Cerambycidae  of the  pole wood an d  m atu re  
s ta n d s  in  the  environs of Poznań, found 18 species of these  beetles in  a  fresh 
coniferous forest, which corresponds to 29.5%  of the  to tal n u m b er of species 
recorded  in  the  a re a  u n d e r investigation. In a  sim ilar s tu d y  of Puszcza 
Białowieska, G utow ski (1985) found 40 species in fresh  coniferous forests, 
equalling to 36.7%  of the to tal num ber of species recorded. In com parison  to 
o ther forest h ab ita t types, the  num ber of species w as in  the m iddle range a s  the 
g rea tes t n u m b er of species (66) h as  been recorded in a  fresh  m ixed forest and  
the  sm allest (11), in a  boggy coniferous forest.

In h is recently  published  paper on the  Roztocze area, G utow ski (1992) h as  
analysed  the  occurrence of 38 Cerambycidae  species of high a b u n d an ce  and  
frequency in 10 different h ab ita ts  (including 8 phytosociological g ro u p s which 
are  directly referrable to specific forest h ab ita t types). 23 species were found  in 
th e  su b con tinen ta l pine forest (Peucedano-Pinetuni), the  dom inan t form s being: 
A ca n th o c im is  aedilis, A n a stra n g a lia  sangu ino len ta , A rhopa lu s rusticus, 
Corymbia rubrcc Rhagium  inquisitor, Spondylis buprestoides  a n d  Stenurella  
melanura. Also in Roztocze, th is hab ita t type accom m odated a  m edium  nu m b er 
of longhorn  beetle species.

A descrip tion  of the  entire en tom ofauna associated  with xylem  an d  the 
subcortical environm ent in Wielkopolski National Park  h a s  been  provided by 
B alazy and  M ichalski (1984). The a u th o rs  recorded 14 Ceram bycidae  species 
in  the  fresh  coniferous forest, listing Arhopalus feru s , Pogonocherus decoratus, 
P. fasciculatus  and  Prionus coriarius as characteristic of th a t habitat. B uprestidae  
found by the au th o rs  in fresh coniferous forests included A nthaxia  similis,
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Chalcophora m ariana  and  Phaenops cy a n ea  all the  species being charac te ris tic  
of th a t  hab ita t.

A s tu d y  of th e  succession  of longhorn beetles depending on the  age of the 
s ta n d s  h a s  been  carried ou t in Puszcza Niepolomicka by S tarzyk (1977). The 
study , however, included all the forest h ab ita t types of th a t  region, w here fresh  
coniferous fo rests  constitu te  only 7.25%  of the  s tand . It canno t be, therefore, 
de term ined  w hich Cerambycidae  species found, for example, on  Scots pine 
[PiniLS sy lvestris  L.), were registered in  the  hab ita t relevant to u s  or w hether the 
preferences for trees of particu lar ages do not depend on the  h ab ita t type. It is 
still in teresting  to note th a t there were species which were show n to be affiliated 
w ith certa in  age c lasses (9 classes: I -  1-20 years, II -  21-40  years, etc). Arhopalus 
rusticus  and  Rhagium  inquisitor were show n to occur m ost widely on pine (I-IX 
age class), while E rgatesfaber  occurred only on trees of age c lass IV and  V, and  
Callidium aeneum  -  age class III-V. Of the 28 species feeding on pine, 8 were 
recorded  in age class I, 16 in age c lass II, and  then: age c lass III -  22, IV -  19, V 
-  15, VI -  10, VII -  10, V III- 5, an d  IX -  2.

S tud ies of the  succession  of selected anim al g roups in  the  fresh  coniferous 
forest in Puszcza Białowieska have been  conducted by W ołk and  G utow ski 
(1984). N either Buprestidae  n o r  Cerambycidae  w ere, however, d escribed  
separa te ly  in  the  study , which concentrated  only on invertebrates as  a  whole as  
well a s  on ce rta in  o ther groups of beetles.

There are a  n u m b er of papers where fragm entary inform ation relevant to the  
sub jec t of th is  s tudy  m ay be found. For example, Kinelski and  S z u je c k i (1963) 
have p resen ted  the  resu lts  of stud ies of secondary pests  in young s ta n d s  of pine 
(age c lass  I a n d  II) in  Puszcza Piska, m entioning 6 species of C eram bycidae  
(R h a g iu m  inquisitor, A rh o p a lu s  ru s tic u s , C a llid iu m  sp ., M o n o ch a m u s  
galloprovincialis pistor, Pogonocherus JascicuLatus and  Acanthocinus aedilis) and  
2 species of Buprestidae  (Anthaxia  quadripunctata, Chrysobotris igniventris 
[listed a s  C. solieri]).

W iąckow ski (1957) h a s  exam ined the en tom ofauna of pine tree s tu m p s  in  
different stages of wood decom position (from fresh -  righ t after c lear-cu tting , to 
m ore th a n  10 yea rs  old) also in  a  fresh  coniferous forest hab ita t. These d a ta  m ay 
be referred to the  first succession  stages of the  forest s ta n d  -  clearing an d  
cu ltu re , w here s tu m p s  are the  basic source of food for the  g roups u n d e r study . 
Species associa ted  with s tu m p s a t th is  stage included the  longhorn  beetle 
species of Ergates fa b e r  and  Arhopalus rusticus and  the bup restid  Chalcophora 
mariana.

B rauns (1975) has  listed insects occurring on pine in different age classes. One 
m ay suppose (the au tho r did not m ake it clear) th a t the study w as conducted chiefly 
in  fresh coniferous forests. The following species of longhorn beetles were m entioned 
a s  characteristic of tree nurseries, cultures, young stands, pole wood and  m atu re  
stands: Pogonocherus JascicuLatus (from cultures to m ature stands), Tetropium  
castaneum, T. Juscum, Monochamus sartor (Fabr .), M. sutor and Acanthocinus 
aedilis (pole wood and  m ature  stands). The only Buprestidae  species m entioned 
w as Phaenops cya n ea  characteristic of pole wood and m ature  stands.
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R esearch over the  insects of the  pine forests in  B yelorussia is also p resen ted  
by Litvinova et al. (1985).

There are  n u m erous papers by European  au th o rs  dealing with longhorn  o r 
b u p restid  beetle com m unities of various age classes of Scots pine -  the  m ain  
stand-form ing  species in fresh  coniferous forests. Most of them , however, do n o t 
con ta in  inform ation on the  h ab ita t type where the stud ies  were conducted , 
w hich ren d e rs  them  useless from  the  viewpoint of the p resen t analysis. Scots 
pine is also  abun d an tly  found in  the  dry, hum id and  boggy coniferous forest a s  
well as  in  m ixed forests and  is also p lan ted  in m ore fertile forest hab ita ts .

Com prehensive stud ies of th e  entom ofauna of fresh  coniferous forests, 
conducted  since 1986 in  Puszcza Białowieska and  o ther localities by the In stitu te  
of Zoology PAS. and  the Forest and  Wood Protection In stitu te  of W arsaw  
A gricultural University, have no t included the groups d iscussed  in th is  p ap er 
(Bańkow ska  1993).

AREAS OF STUDY, MATERIAL, METHODS 

Areas of study

Puszcza Białowieska occupies an  area  of about 1,500 sq. km . Its w estern  p a rt, 
belonging to Poland, extends over 624 sq. km. (So kołow ski 1994). F resh  
coniferous forests are represented in Puszcza Białowieska by two phytosociological 
associa tions (Sokołow ski 1979): Vaccinia vitis-idaeae-Pinetum  and  Vaccinio 
myrtiRi-Piceetum. The former, w ith the  s tan d  consisting m ainly  of Scots pine, is 
fu rth e r classified into two subassociations: cladonietosum  (a drier one w ith a  
high proportion  of xerotherm al species) and  myrtilletosum  (slightly m ore h u m id  
with Vaccinium myrtilLus L. in the  herb  layer). This association  is seen m ainly  in  
the  d istric ts  of Browsk, S tarzyna, Ladzka Puszcza and  in  a  sm all a rea  in the  
Białowieża National Park. It is m ore ab u n d an t in  the B yelorussian  p a rt of the  
forest. Ma tu szkiew icz  (1982) h a s  classified associa tions of th is  type into 
Peucedano-Pinetum.

The Vaccinio myrtilLi-Piceetum association, where the s ta n d  is com posed of 
sp ruce  a n d  there  is rarely  a  sm all addition of pendula  b irch  and , sporadically, 
of pine. It is d istribu ted  in sm all pa tches th roughou t Puszcza B iałow ieska and  
in  the  Białowieża National Park. Unlike the form er association , which is  in 
re trea t, th e  la tte r  is expansive in th is area; it h a s  not been  sep ara ted  by 
Matu szk iew icz  (op. cit.).

In te rm s  of area, the  fresh coniferous forest is no t am ply rep resen ted  in  the  
Polish p a rt of Puszcza Białowieska, occupying only 6.3% of the  region (Referat... 
1994).

M aterial and m ethods

The s tu d y  w as conducted in  the  pine forest s itua ted  th ro u g h o u t Puszcza 
Białow ieska in 1979-1994. The easte rn  (Byelorussian) p a rt w as explored to a  
m uch  sm aller extent, and  only in  the  years 1991-1993.
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The fau n a l m ateria l necessary  to compile m aps of the  d istr ib u tio n  of 
individual species of longhorn and  buprestid  beetles w as collected using  various 
m ethods. M ost specim ens were collected by “sta lk ing” on tree s tem s and  s tu m p s, 
cordwood and  flowers etc. For Buprestidae, all of the  individuals spo tted  were 
caugh t, while in  Cerambycidae, if the  specim en could be species-determ ined  on 
th e  site, it w as not caught, and  only the nam e of species, the  n u m b er of 
specim ens an d  o ther details abou t the site were noted. O ther m ethods included  
sw eeping the  herb  layer and  tree and  sh ru b  b ranches with a  sw eeping n e t as 
well as  collecting specim ens into B arber’s  and  Moericke’s pitfall trap s , foil 
w indow -traps, an d  decoying the insects w ith an  artificial source of light etc. 
S earches for Buprestidae  and  Cerambycidae based  on analysis of po ten tia l 
b reeding  m ateria l of the ir larvae tu rn ed  ou t to be extrem ely efficient. In such  
cases, the  larvae and  pupae or the feeding g rounds served as  a  b a s is  for 
recognizing species. In order to confirm  the  finding, larvae and  pupae  were 
som etim es ra ised  up to the  imago stage.

In order to trace  the succession  of longhorn and  buprestid  beetles in s ta n d s  
of various ages in  fresh coniferous forests, 3 different corpora of m ateria ls  were 
used . The first co rpus is a  small, b u t in teresting, collection of C eram bycidae  (66 
individuals) caugh t in 1986 by researchers from the Institu te  of Zoology P.A.S. 
in  W arsaw and  given to me for the sake of th is  paper. The beetles were collected 
in  young s tan d s , the pole wood and  m atu re  s ta n d s  into Moericke’s  pitfall tra p s  
h u n g  in tree canopies. The catches were conducted in the so u th -easte rn  p a rt of 
Puszcza Białowieska, th roughou t the vegetational season, the  tra p s  (5 a t each 
site) being em ptied every two weeks. More detailed inform ation concern ing  the 
p rem ises of and  m ethods used  in these stud ies  m ay be found in a  paper by 
B ańkow ska  (1993).

A nother co rpus of m ateria ls com es from analyses of deadwood trees in two 
fixed areas, 0 .25 ha  each, s itua ted  in division 519 D (pole wood 55 years  old) 
an d  494 C (natu ral m atu re  s tan d s  120-150 years old). In both  developm ental 
stages, the  s ta n d  w as form ed of pine, which is a  prom inent dom inan t there , w ith 
an  addition of sp ruce  and  individual specim ens of pendula  birch. The herb  layer 
is com posed m ainly of Vaccinium myrtillus and  V. vitis-idaea  L. Both a reas  belong 
to  th e  Vaccinio vitis-idaeae-Pinetum  association . In th e  yea rs  1988-1994, 
n a tu ra lly -fo rm in g  deadw ood w as m onitored  in th ese  a re a s  twice a  year 
(M ay /June  and  October/November). The decaying trees were cu t down and  
analysed  in  consecutive sections, notes being m ade of the  in h ab itan t species 
an d  n u m b ers  of specim ens. Moreover, every year in a u tu m n  “a u tu m n  se a rc h e s” 
for pests  of pine were perform ed u nder the canopies of average trial trees. The 
p es ts  were searched  for thoroughly in the  litter and  the surface layer of the  soil. 
The to tal n u m b er of Cerambycidae  individuals collected in th is  way w as 153 in 
the  pole wood and  287 in m atu re  stands.

The th ird  and  largest corpus of m aterial comes from a study  specially 
designed for the  sake of th is paper and  carried out in  division 539 C (Vaccinio 
vitis-idaeae-Pinetum  association), where broad belts of s ta n d s  (100-160 m) of 
different ages grow side by side (2-year-old cu lture, 15-year-old young s tan d ,
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38-year-o ld  pole wood, 120-150-year-old m atu re  stand). 781 Ceram bycidae  
species and  177 Buprestidae  specim ens were collected in the  study  in  1994.

M ature pine forest s tan d  with an  addition of Norway spruce  Picea abies  (L.) 
Ka r st , an d  pendu la  birch  B etu lapendula  Roth form s naturally . The b rushw ood  
is com posed of spruce, and  m ore rarely, oak, while the understorey, a p a rt from  
spruce , consists  of individual trees of Quercus robur L., Sorbus aucuparia  L., 
Frangula alnus  M iller , Jun ipem s communis L. and  Salix caprea  L. The m ost 
a b u n d a n t species in  the  herb layer are Vaccinium myrtilLus, V. vitis-idaea  an d  
Agrostis tenuis  S ibth . The m atu re  s tand  is adjacent to a  cu ltu re  estab lished  after 
a  c lear-cu tting  and  renew ed with pine, with individual exam ples of Betula  
pendula , Quercus robur, Populus tremula (L.), Sorbus aucuparia, Picea abies, 
Juniperus communis, m ost of which were self-sown. The dom inan t species in the  
h e rb  layer are  Senecio sylvaticus  L ., R um es tenuifolius (Wallr.) A ’Lo v e , 
Vaccinium myrtillus and  Agrostis tenuis. The basis for the  developm ent of the  two 
beetle g roups u n d e r study  is provided by s tu m p s of c lear-cu t trees  an d  
c lear-cu tting  rem ains -  fragm ents of tru n k s , boughs and  b ranches, etc. The very 
dense 15-year-old  young s tan d  is composed of p lan ted  pine with an  addition  of 
self-sow n pendu la  birch  and  individual sm all spruce trees. C ytisus scoparius 
(L.) L ink , C. m thenicus  (Fis c h . ex Wo ł .) A. Klask ., Populus tremula, Frangula 
alnus, Salix caprea, Quercus robur and  Sorbus aucuparia also occur sporadically. 
The veiy poor herb  layer is composed of Vaccinium myrtillus, V. vitis-idaea, 
Calluna vulgaris (L.) H ull and  other. The 38-year-old pole wood, separa ted  by a 
b a n d  of th icket from the young s tand , is a  pine forest s tan d  w ith a  considerable 
add ition  of spruce, single specim ens of pendula  birch and , sporadically, oak. 
Quercus robur, Picea abies, Betula pendula, Frangula alnus, Salix caprea, Sorbus 
aucuparia  and  C ytisus m thenicus  occur in the understorey. The dom inan t 
species in the herb  layer include: Vaccinium myrtillus, V. vitis-idaea, Pteridium  
aquilinum  (L.) Kuhn  and  Calluna vulgaris.

In each of the  four age classes of the s tand , 9 Moericke’s pitfall tra p s  (3 x 3) 
were hung  a t a  height of 1 m. They rem ained in place from April 26 to J u n e  5 
1994 an d  were em ptied every two weeks, resulting  in 5 sam pling series. 
Moreover, “sta lk ing” w as conducted 10 tim es in ha lf-an -hour “sessio n s” and  
sweeping ne ts  (10 x 25 sweeps) were used  4 tim es a t each site. However, the 
m ost a b u n d a n t m ateria l w as obtained by analysis of potential food rea su rce s  in 
100-m eter-long  tra n se c ts  (each stum p, dry b ranch , tree tru n k  in  a  belt 2 m  wide 
w as barked , split an d  analysed) a t each site.

In order to characterise  the  groups u n d er study  in  each forest s tan d  age class, 
sta tis tica l calcu lations were done concerning the s tru c tu re  of the fauna. The 
em pirical d istribu tions were com pared to theoretical m odels: the  geom etrical 
p rog ression  series, logarithm ic series, lognorm al series, random  resource 
division model and  binom ial negative d istribution. Species diversity indices were 
also calculated  according to S hannon  and  Weaver (H) and  S im pson (I). More 
detailed inform ation on these m odel and  indices are to be found in a  paper by 
T r o ja n  (1992). In order to investigate the sim ilarity (P) betw een Buprestidae  and 
Ceram bycidae  com m unities in  the cu lture, young s tand , pole wood an d  m atu re  
s ta n d  stages, the  “percentage” version of Sorensen’s form ula w as employed.
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RESULTS AND DISCUSSION 

F aunistica l analysis

49 Cerambycidae  species were recorded in the fresh coniferous forests of 
P uszcza Białowieska (Tab. I). This corresponds to 41.2%  of the  to tal n u m b er of 
longhorn  beetle species registered in th is  area. All the species were collected in 
th e  Polish p a rt of Puszcza Białowieska, and  44 of them  were also identified in 
th e  B yelorussian  part. 46 species were found in Białowieża National Park.

The following conventional symbols were used  to describe the  ab u n d an ce  and  
frequency  of the  beetles in the entire Puszcza Białowieska (Tab. I and  II) 
respectively: 1 -  ab u n d an t, n  -  not ab u n d an t, c -  frequent, r  -  rare. The following 
b o u n d a ry  values were assum ed: 30 individuals and  7 sites (a site corresponded 
to  a  forest division, an  approxim ately l x l  km  square) for Cerambycidae  and  
10 individuals and  5 sites for Buprestidae. The Cerambycidae recorded include 
g enu ine  faunal rarities  on a  E uropean  scale, such  as  Acm aeops marginata, A. 
septentrionis, Stictoleptura variicornis and  Grammoptera abdominalis. One of 
th em  -  M onochamus urussovii -  h as  actually been recorded in C entral Europe 
only from  Puszcza Białowieska.

T able I. C atalogue of longhorn beetles (Coleoptera, Cerambycidae) of the fresh coniferous forests of 
P uszcza Białowieska (BNP -  Białowieża National Park, Bśw -  fresh coniferous forests, 1 -  ab u n d an t, 

n  -  no t ab undan t, c -  frequent, r  -  rare; fu rther explanation -  see text).

No S p e c i e s

A bundance 
and  

frequency 
in Bśw

Polish
part

(including
BNP)

B N P B yelorussian
p a rt

1 2 3 4 5 6

1 Ergates Jaber  (L.) n -  r * • *

2 Prionus coriarius (L.) n  -  r * * *

3 Tetropium castaneum  (L.) 1 -  c • * *

4 Tetropium fu sc u m  (F a b r .) 1 -  c * * *

5 Spondylis buprestoides (L.) 1 -  c • • *

6 Arhopalus rusticus (L.) 1 -  c * * *

7 A sem um  striatum  (L.) 1 -  c • * *

8 Molorchus minor (L.) 1 -  c • * *

9 H ylotrupes bąjulus (L.) n -  r * * *

10 Callidium aeneum  (D e  G e e r ) n -  r • *

11 Callidium uiolaceum  (L.) I -  c * * *
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1 2 3 4 5 6

1 2 Callidium coriaceum  P a y k . 1 -  r * * *

1 3 P hym atodes testaceus  (L.) n  -  r * * •

1 4 Xylotrechus rusticus (L.) n  -  r * * *

1 5 Plagionotus arcuatus (L.) n  -  r • * •

1 6 Rhagium  m ordax  (D e  G e e r ) 1 -  c * • *

1 7 R hagium  inquisitor (L.) 1 -  c * * *

1 8 O xymirus cursor (L.) n  -  r * * *

1 9 Pachyta quadrimacuLata (L.) n  -  r * * *

2 0 A cm aeops septentrionis (C . G . T h o m s .) n  -  r • *

2 1 A cm aeops m arginata  (F a b r .) n  -  r • * *

2 2 C ortoderafem orata  (F a b r .) 1 -  r * * *

2 3 Grammoptera abdominalis ( S t e p h .) n  -  r * *

2 4 Pedostrangalia pubescens  (F a b r .) n  -  r * * *

2 5 Lep tura quadrifasciata  L. n -  c * * *

2 6 Anastrangalia sanguinolenta  (L.) 1 -  c * * *

2 7 Corymbia rubra (L.) 1 -  c * * *

2 8 Stictoleptura uariicornis (D a l m .) n  -  r * *

2 9 Brachyleptura maculicom is (D e  G e e r ) n -  c * * ♦

30 Judolia  sexm aculata  (L.) n  -  r • * *

3 1 Alosterna tabacicolor (D e  G e e r ) n  -  r * • *

3 2 P seudovadonia liuida (F a b r .) 1 -  c * * *

33 Strangalia a ttenuata  (L.) n  -  r • * *

34 Stenurella m elanura  (L.) 1 -  c * * *

3 5 Stenurella bifasciata  (O . F . M u l l .) n  -  r * *

3 6 Stenurella nigra  (L.) n  -  r * * *

3 7 Monochamus galloprouincialis pistor  G e r m . 1 -  c * * *

3 8 M onochamus urussouii F i s c h . n  -  r * * *

3 9 Monochamus sutor  (L.) n  -  r * * *

40 Pogonocherus fascicu la tus  (D e  G e e r ) 1 -  c * * *

4 1 Pogonocherus decoratus F a ir m . 1 -  c * *

4 2 Acanthoderes clavipes (S c h r a n k ) n  -  r • *

4 3 Acanthocinus griseus  (F a b r .) 1 -  r * * *

44 Acanthocinus aedilis (L.) 1 -  c * * *

4 5 Leiopus nebulosus (L.) n  -  r * * *

4 6 Tetrops p raeusta  (L.) n -  r * * *

4 7 Saperda perforata  (P a l l .) n  -  r * * *

4 8 Saperda sccdaris (L.) n  -  r * * *

4 9 Saperda populnea  (L.) n  -  r * * *

T o t a l 4 9 4 6 44
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Table II. C atalogue of buprestid  beetles (Coleoptera, Buprestidae) of the fresh coniferous forests of 
Puszcza Białowieska (BNP -  Białowieża National Park, Bśw -  fresh coniferous forests, 1 -  ab u n d an t, 

n -  no t abundan t, c -  frequent, r -  rare; fu rther explanation -  see text).

No S p e c i e s

A bundance 
and 

frequency in 
Bśw

Polish part 
(including BNP) BNP B yelorussian

part

1 Chalcophora m ariana  (L.) 1 -  r •

2 B uprestis rustic a  L. 1 -  c * * *

3 B uprestis haemhorroidalis H e r b s t n -  r * * *

4 B uprestis octoguttata  L. n -  r * * *

5 B uprestis novem m aculata  L. 1 -  r * *

6 Phaenops cyanea  (F a b r .) 1 -  r * *

7 A nthaxia  similis S a u n d n -  r *

8 A nthaxia  quadripunctata  (L.) 1 -  c • * *

9 A nthaxia  subm ontana  O b e n b . 1 -  c * • *

10 A nthaxia  funeru la  (III.) n  -  r *

11 Chrysobotris igniuentris R e i t t . n -  r • •

12 Agrilus sulcicollis L a c o r d . n -  r * *

13 Agrilus angustulus  (III.) n -  r * * *

14 Agrilus betuleti R a t z . n -  r *

15 Agrilus antiquus sperkii S o l . n -  r * *

16 Trachys m inuta  (L.) 1 -  c * * *

T o t a l 16 9 11

16 Buprestidae  species were found in the  fresh coniferous forests of Puszcza 
Białow ieska (Tab. II), accounting  for abou t 40% of the  bup restid  fau n a  of the  
entire  area. All the 16 species occurred on the Polish side and  11 on the 
B yelorussian  side. Only 9 species were found in the Białowieża National Park, 
w hich is m ainly due to the fresh  coniferous hab ita t being hardly  rep resen ted  
w ith in  the  stric t reserve. It is in teresting  to note the  presence of the  extrem ely 
rare  therm oph ilous species, such  a s  Anthaxiafunerula, Chrysobotris igniuentris 
and  Agrilus antiquus sperkit The th ird  one is new to the  fau n a  of Puszcza 
Białowieska.

According to the  literatu re  m entioned in the in troduction  and  the  a u th o r’s 
own estim ates, the  num ber of species registered in Puszcza Białowieska is m uch  
h igher th a n  in o ther fresh  coniferous forests of Poland. This is due to the  un ique  
flora of the  coniferous forests in  Puszcza Białowieska, their richness (besides 
pine, there  is a  high proportion of spruce and  other species in  the forest s tan d  
and  understorey), good preservation (large areas, the  presence of every age class 
of the forest s tan d  and  every stage of wood decay), the  con tinuation  of the  forest
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dating  b ack  to prehistorical tim es and  a low degree of tran sfo rm ation  owing to 
low environm ental pollution.

Succession  analysis

In o u r d iscussion  of the  stand-age-related  diversification of Ceram bycidae  
an d  B uprestidae  com m unities, the three corpora m entioned  above will be 
considered.

Table III con ta ins the  resu lts  of the 1986 catches of Ceram bycidae  in to  
M oericke’s  trap s. The m aterial w as too scarce to allow to de term ination  of various 
population  indices. It is, nevertheless, interesting enough to be p resen ted  here. 
The n u m b ers  of species caught in young s tands, the pole wood an d  m atu re  
s ta n d s  were similar. The num ber of individuals, however, is 4 tim es h igher in  
older s ta n d s  in  com parison to young s tands. Surprisingly, the  dom inan t form  
is C ortoderafem orata  (41 individuals) -  a  generally rare  species usually  found 
a s  single specim ens. All the specim ens of th is  species were cau g h t in  the  pole 
wood an d  m atu re  s tand . It should  also be noted th a t Pogonocherus decoratus  
w as quite a b u n d a n t (11 individuals), while the related P. Jasciculatus  w as 
com pletely absen t. D ata from literature reveal th a t the  quan tita tive  re la tions 
betw een th e  two species are reversed in  o ther forests. O ther species were 
rep re sen te d  by individual specim ens. The p resence of rare  Grammoptera 
abdom inalis  an d  Acm aeops marginata  should  also be noted.

Table III. Species composition, abundance  and  percentages of C eram bycidae  species in three 
developm ental stages of fresh coniferous forests in Puszcza Białowieska on  the b asis  of m aterial 

collected into Moericke’s pitfall traps in 1986 (n -  abundance , % -  percentage)

No S p e c i e s
Developmental stage

young stand pole wood m atu re  s tan d

n % n % n %

1 Molorchus minor (L.) 1 1 4 .3 - - - -

2 Callidium aeneum  (De G eer ) - - 1 3 . 4 1 3 . 3

3 Rhagium  inquisitor (L.) - - 2 6 . 9 - -

4 A cm aeops m arginata  (Fabr .) - - 1 3 . 4 - -

5 Cortodera fem ora ta  (Fabr .) - - 1 9 65.6 2 2 7 3 . 3

6 Grammoptera abdominalis (St e ph .) 1 1 4 .3 - - - -

7 Anastrangalia  sanguinolenta  (L.) - - 1 3 . 4 - -

8 Corym bia rubra (L.) 3 4 2 . 8 - - - -

9 Brachyleptura m aculicomis (De  G eer) - - - - 1 3 . 3

1 0 P seudovadonia livida (Fabr .) - - - - 1 3 . 3

11 Pogonocherus decoratus F airm . 1 1 4 .3 5 1 7 .3 5 1 6 .8

1 2 Tetrops praeusta  (L.) 1 1 4 .3 - - - -

Total no. of specim ens 7 1 0 0 .0 2 9 1 0 0 . 0 30 100.0

Total no. of species 5 6 5
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Table IV show s the resu lts  of exam inations of deadwood and  litter search ing  
in  th e  pole wood and  m atu re  s ta n d s  in 1988-1994. The n a tu ra l m atu re  forest 
accom m odates m ore species (17) of Cerambycidae th a n  the pole wood (12). Their 
a b u n d a n ce  is also higher in  the  older s tand . In the pole wood the dom inan t form s 
w ere : A canthocinus griseus -  4 4 .4 % , Rhagium  inquisitor -  2 2 .2 %  a n d  
Pogonocherus decoratus -  17.6%. In m atu re  s tan d  the dom inant group consisted  
of Rhagium  inquisitor -  17.4%, Molorchus minor -  16.7%, Tetropium fu sc u m  -  
13.9%, Pogonocherus JascicuLatus -  10.5% and  Tetropium castaneum  -  10.5%.

T able IV. Species com position, abundance  and  percentages of Ceram bycidae species in  two 
developm ental stages (pole wood, m ature  stand) of fresh coniferous forests in Puszcza Białowieska 
on  the  basis  of analysis of breeding m aterial of the larvae and  litter searches in 1988-1994 (n -

abundance , % -  percentage).

No S p e c i e s
Developmental stage

pole wood m atu re  stan d

n % n %

1 Tetropium castaneum  (L.) - - 3 0 1 0 .5

2 Tetropium fu sc u m  (Fa b r .) - - 4 0 1 3 .9

3 Spondylis buprestoides (L.) 1 0 . 6 - -

4 Arhopalus rusticus (L.) 2 1 .3 11 3 . 8

5 A sem um  striatum  (L.) 1 0 . 7 1 0 . 4

6 Molorchus minor (L.) 3 2 .0 4 8 1 6 .7

7 Callidium aeneum  (De G eer ) 5 3 .3 8 2 . 8

8 Callidium uiolaceum  (L.) 3 2 . 0 1 0 3 . 5

9 Rhagium  inquisitor (L.) 3 4 2 2 . 2 5 0 1 7 .4

1 0 A cm aeops septentrionis (C. G. T h o m s .) - - 7 2 . 5

1 1 C ortoderafem orata  (Fabr .) - - 5 1 .7

1 2 M onochamus gallopmvincialis (Ouv.) 4 2 .6 5 1 .7

1 3 Monochamus urussovii F isc h . - - 2 0 . 7

1 4 M onochamus sutor (L.) - - 1 3 4 . 5

1 5 Pogonocherus fa scicu la tus  (De  G eer ) 3 2 . 0 3 0 1 0 .5

1 6 Pogonocherus decoratus Fairm . 2 7 1 7 .6 2 0 . 7

1 7 Acanthocinus griseus  (Fa b r .) 6 8 44.4 1 0 3 . 5

1 8 Acanthocinus aedilis (L.) 2 1 .3 1 5 5 . 2

Total no. of specim ens 1 5 3 1 0 0 .0 2 8 7 1 0 0 . 0

Total no. of species 1 2 1 7

The quan tita tive  d a ta  on the  abundance  of each species occurring in  the  pole 
wood and  m atu re  forest were arranged according to ran k s  and  te s ts  were 
su b s e q u e n tly  pe rfo rm ed  to see w h e th e r  th e  em pirical d is tr ib u tio n  w as
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com patib le w ith any  of the  theoretical m odels. It w as revealed th a t th e  
d istribu tion  estim ated  for the  m atu re  s tan d  was com patible with the negative 
binom ial d istribu tion  since with k = 10 degrees of freedom  x2 = 6.68. T ables
show  ( T r o j a n  1992) that% 2 = 18.31 (for p = 0.05) so 6.68 < 18.31. The probability

of concurrence of the d istribu tions is p = 0.75, which is a  relatively high value, 
perm itting  to s ta te  th a t the two d istribu tions are compatible.

For the lognorm al series, x2 = 6.81 (k = 5), and  x 2 = 11.07. A tthough %2 <

Xq (for p = 0.05), which would imply th a t the  two series are com patible, for the

given x 2 w e have p = 0 .2 3 , which indicates th a t the hypothesis th a t the  
d istribu tions  are com patible should  be rejected. It could only be accepted w ith 
p > 0 .0 5  (Tro ja n  1992).

In the pole wood, none of the theoretical d istribu tions is com patible w ith 
em pirical data.

The estim ated  num ber of species in the  m atu re  s tan d  equals 17.92 so th a t  
one m ore species should  be expected to live there. In the pole wood, the  estim ated  
n u m b er of species is 18.17, according to which six m ore species could be 
detected.

S h an n o n  and  Weaver’s index of species diversity is H = 3 .5346 (Hmax = 4.0875) 
for the  m atu re  s tand . The variance var (H) = 0.0043, corresponding to only 0.12%  
of the  estim ated  value of H, is not high. S im pson’s index of species diversity is 
I = 0.0022.

For the  pole wood, S hannon  and  Weaver’s index is H = 2.4319, and  Hmax = 
3 .5850. The variance var(H) = 0.0159, accounting for=0.7% of the  estim ated  
value, is small. S im pson’s index is I = 0.0416.

The succession  of Buprestidae  in the four age classes of forest s tan d  in fresh 
coniferous forests is p resen ted  in Table V. R epresentatives of th is  group are  
usually  collected in sm all num bers. In the pine forest sere u n d er study, 12 
species were found, the  greatest num ber (9) occurring in m atu re  s tan d  an d  
cu ltu re. The g rea test num ber of individuals by far (131) w as collected in cu lture, 
which is due to the exceptional photo- and  therm ophilous n a tu re  of th is  group. 
The im agines of certain  species would also fly to the  cu ltu re  to feed on flowers, 
which were m uch  m ore a b u n d an t in th is open and  well-insolated area. The 
dom inan ts  in the  cu ltu re  stage were Anthw da quadripunctata  (52.8%) and A. 
subm orttana  (38.2%). According to calculations, the anticipated  num ber of 
species is 18.5. S hannon  and  Weaver’s index of species diversity is H = 1.6956, 
an d  Hmax = 3.1699. The variance var(H) = 0.0177 is small, accounting  for only 
abou t 1% of the estim ated value of H. Sim pson’s index is I = 0.0966.

The num ber of Buprestidae  species caught in young s tan d s  w as only 5 w ith 
22 individuals. The dom inants were the sam e species as in the cu ltu re  stage 
an d  accounted  respectively for 54.5% and 31.8%  of the  com m unity. The 
an tic ipated  nu m b er of species is 14.7. S hannon  and  Weaver’s index is H = 
1.7583, and  Hmax = 2.3219. The variance var(H) = 0.0596 accounts for 3.4% of 
th e  estim ated  value of H. S im pson’s index is I = 0.0899.
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T able V. Species com position , ab u n d an ce  and  percen tages of Buprestidae  spec ies  in  four 
developm ental stages of fresh coniferous forests in Puszcza Białowieska (n -  abundance , % -

percentage)

No S p e c i e s

Developmental stage

culture young stand pole wood m ature
stan d

n % n % n % n %
1 Chalcophora mariana  (L.) - - 1 4.5 - - 2 14.3
2 B uprestis haemhorroidalis H erbst 1 0.8 - - - - 1 7.2
3 Buprestis nouem maculata  L. 1 0.8 - - - - - -
4 Buprestis octoguttata  L. 1 0.8 1 4.5 - - - -

5 B uprestis rustic a  L. 3 2.3 - - 1 10.0 2 14.3
6 Phaenops cyanea  (Fabr.) - - - - 1 10.0 - -
7 A nthaxia  quadripunctata  (L.) 69 52.7 12 54.6 4 40.0 3 21.5
8 A nthaxia similis S aund - - - _ - - 1 7.1
9 A nthaxia  subm ontana  O b en b . 50 38.1 7 31.9 1 10.0 2 14.3

10 Agrilus anqustulus  (III.) 2 1.5 1 4.5 1 10.0 1 7.1
11 Agrilus sulcicollis Lacord . 2 1.5 - - - - 1 7.1
12 Trachys m inuta  (L.) 2 1.5 - - 2 20.0 1 7.1

Total no. of specim ens 131 100.0 22 100.0 10 100.0 14 100.0
Total no. of species 9 5 6 9

6 species of Buprestidae  were caught in the pole wood with 10 individuals. 
A. quadripunctata  w as the dom inant again (40.0%). The an tic ipated  n u m b er of 
species is 19.6. S hannon  and  Weaver’s index is H = 2.4251, and  Hmax = 2.5850. 
The variance var(H) = 0 .0597 equals 2.5% of the estim ated value of H. S im pson’s 
index is I = 0.0183.

The m atu re  s ta n d  with 9 species and  14 individuals w as characterized  by the 
m ost uniform  distribu tion  of abundance. The presence of A nthaxia  similis should  
be noted  a s  th is  species is extremely rare in  Puszcza Białowieska. The an tic ipated  
n u m b er of species is 15.9. S hannon  and Weaver’s index is H = 3 .0945, and  Hmax 
= 3 .1699. The variance var(H) = 0.0210 accounts for 0.7% of the estim ated  value 
of H. S im pson’s index is I = 0.0014.

The em pirical abundance  d istribu tions in Buprestidae  com m unities of the  
four forest s tan d  age classes stud ied  do not correspond to any  of the  theoretical 
d istribu tions  tested.

Analysis of S hannon  and  Weaver’s indices show s th a t the species diversity of 
B uprestidae  com m unity is the lowest in the cu lture  stage (the g rea test difference 
betw een Hmax and  H). The param eter gradually increases as  the forest grows 
older. Sim ilar conclusions m ay be derived from analysis of S im pson’s indices.

Sim ilarity indices (P) for Buprestidae  com m unities (after Sorensen) are given 
in  Table VI.

The succession  of Cerambycidae  in the four developm ental stages of fresh 
coniferous forests is p resented  in Table VII. The total num ber of species is 33, 
w ith a  m axim um  (29) in m atu re  s tan d s  and  a m inim um  (12) in young stands.
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Sim ilar rela tionsh ips can  also be observed as far as  the  n u m b er of ind iv iduals 
is concerned. The dom inant species in the cu lture stage are A se m u m  striatum  -  
16.5%, Rhagium  inquisitor -  15.1%, Acanthocinus aedilis -  14.4%, Arhopalus 
rusticus  -  12.2% and  Spondylis buprestoides -  11.5%. The to ta l n u m b er of 
individuals found in the cu lture  stage was 131, belonging to 17 species. The 
an tic ip a ted  n u m b er of species calculated  for the  cu ltu re  stage is 22.28 , 
indicating th a t  5 m ore species should  be expected to live there. S h a n n o n  an d  
W eaver’s index of species diversity is H = 3.5267 and  Hmax = 4 .0875 , w ith the  
variance var(H) = 0 .0085 (0.2% of the estim ated value). S im pson’s index of 
species diversity is I = 0.0020. The empirical d istribu tion  is com patible w ith the
negative binom ial d istribu tion  as  %2 = 8 .03 and  is sm aller th a n  x 2 = 18.31 (for

p = 0.05). For k  = 10, however, p = 0.630.5. There is also som e overlap w ith the
logarithm ic series (%2 = 5.74, x 2 = 18.31 (for p = 0.05), k  = 10, p = 0.84].

Table VI. D iagram  of sim ilarities of buprestid  beetle com m unities in the developm ental stages of 
fresh coniferous forests studied  in Puszcza Białowieska (u -  culture, m -y o u n g  stan d , d -  pole wood,

s -  m atu re stand).

m d s

57% 67% 67%

m 55% 57%

d 67%

In young s ta n d s  only 67 individuals of Cerambycidae  (12 species) were found. 
The dom inan t species in  th a t stage are Pogonocherus decoratus  -  32.8% , 
Corymbia ru b ra -  25.3%  and P. Jasciculatus -  14.9%. The an tic ipated  n u m b er of 
species calculated  for the  young s tand  stage is 21.3. S h an n o n  an d  W eaver’s 
index is H = 2.8718 and  Hmax = 3.5850, with the variance var(H) = 0 .0267  (0.9% 
of the  estim ated  value). S im pson’s index of species diversity is I = 0 .0151. The 
estim ated  index is com patible with the  negative binom ial d istrib u tio n  fc2 =
2.9224, x 2 = 9-49 (for p = 0.05), k = 4, p = 0.57] and  with the  geom etrical

progression  series [%2 = 2.4573, x 2 = 9.49 (for p = 0.05), k = 4, p = 0.65].

The pole wood w as characterized by a g reater num ber of ind iv iduals (248) 
an d  species (25) caught. The dom inant species in th a t  stage are Corymbia rubra 
-  15.0% and  A sem um  striatum  -  12.1%, StenurelLa m elanura -  11.3% an d
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Table VII. Species com position, abundance  and percentages of C eram bycidae  species in four 
developm ental s tages of fresh coniferous forests in Puszcza B iałow ieska (n -  a b u n d an ce , % -

percentage).

No S p e c i e s

Developmental stage

culture young
stand pole wood m atu re

stan d

n % n % n % n %

1 Prionus coriarius (L.) - - - - - - 1 0.3

2 Tetropiwn castaneum  (L.) 3 2.2 - - 7 2.8 19 5.8

3 Tetropium Juscum  (F a b r .) 1 0.7 - - 2 0.8 4 1.2

4 Spondylis buprestoides (L.) 16 11.5 1 1.5 3 1.2 18 5.5

5 Arhopalus rustic us (L.) 17 12.2 1 1.5 14 5.6 31 9.5

6 A sem um  striatum  (L.) 23 16.5 3 4.5 30 12.1 2 0.6

7 Molorchus minor (L.) - - - - 27 11.0 35 10.7

8 Callidium aeneum  (D e  G e e r ) - - - - 1 0.4 2 0.6

9 Callidium uiolaceum (L.) 9 6.5 1 1.5 1 0.4 8 2.4

10 Callidium coriaceum  Payk . - - - - 1 0.4 1 0.3

11 Rhagium mordax (D e  G e e r ) 1 0.7 - - 2 0.8 3 0.9

12 Rhagium inquisitor (L.) 21 15.1 5 7.5 14 5.6 58 17.7

13 Pachy ta quadrim aculata (L.) - - - - - - 1 0.3

14 Cortodera fem orata  (F a b r .) - - - - 1 0.4 7 2.1

15 Pedostrangalia pubescens (F a b r .) 1 0.7 - - - - 3 0.9

16 Leptura quadrifasciata L. 2 1.4 1 1.5 6 2.4 1 0.3

17 A nastrangalia sanguinolenta (L.) 4 2.9 - - 5 2.0 9 2.8

18 Corymbia rubra (L.) 8 5.9 17 25.3 37 15.0 13 4.1

19 Brachyleptura maculicornis (D e G e e r ) 5 3.6 - - 4 1.6 5 1.5

20 Judolia sexm aculata  (L.) - - 2 3.0 - - - -

21 A losterna tabacicolor (D e G e e r ) - - - - 2 0.8 - -

22 Strangcdia a ttenuata  (L.) - - - - - - 1 0.3

23 Stenurella melanura (L.) 6 4.3 2 3.0 28 11.3 43 13.1

24 Stenurella nigra (L.) - - 2 3.0 1 0.4 - -

25 Monochamus galloprovincialis (O liv .) 1 0.7 - - 6 2.4 9 2.8

26 Monochamus sutor (L.) - - - - 1 0.4 2 0.6

27 Monochamus urussovii F is c h . - - - - - - 1 0.3

28 Pogonocherus fasciculatus (D e G e e r ) - - 10 14.9 2 0.8 19 5.8

29 Pogonocherus decoratus F a irm . - - 22 32.8 13 5.2 14 4.3

30 Acanthocinus griseus (F a b r .) - - - - 18 7.3 13 4.1

31 Acanthocinus aedilis (L.) 20 14.4 - - - - 3 0.9

32 Leiopus nebulosus (L.) - - - - 22 8.9 1 0.3

33 Saperda populnea  (L.) 1 0.7 - - - - - -

Total no. of specim ens 139 100.0 67 100.0 248 100.0 327 100.0

Total no. of species 17 12 25 29
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Molorchus m inor-  11.0%. The an ticipated  num ber of species exceeds the  a c tu a l 
n u m b e r  by 8 species (32.78). S hannon  and  Weaver’s  index is H = 3 .9475  an d  
Hmax = 4.6439, with the variance var(H) = 0.0059 (0.1% of the  estim ated  value). 
S im pson’s index of species diversity is I = 0.0011. The estim ate is com patible
w ith th e  negative binom ial d istribu tion  f t2 = 9.28, x 2 = 21.03 (for p = 0.05), k  = 

12, p = 0.68] and  with the  logarithm ic d istribution (x2 = 8.50, x 2 = 21.03  (for p

= 0.05), k = 12, p = 0.74).
In the  m atu re  stand , 29 Cerambycidae species (327 individuals) were found. 

Only th ree  species of all those registered in the presen t s tu d y  did not occu r in 
th a t  stage. These are: Judolia sexm aculata, Alosterna tabacicolor and  Saperda  
populnea, all of which are actually accidental to fresh coniferous forests, a s  they  
fly there  from adjacent p lan t associations. The dom inant species in  th a t  stage 
a re  Rhagium  inquisitor- 17.7%, Stenurella melanura -  13.1% Molorchus m inor-  
10.7%  an d  Arhopalus rusticus -  9.5%. The anticipated  n u m b er of species 
ca lcu la ted  for the  m atu re  s tan d  stage is 41.02. S hannon  an d  W eaver’s  index is 
H = 4.0521 and  Hmax = 4.8580, w ith the variance var(H) = 0 .0055 (0.1% of the  
estim ated  value). Sim pson’s index of species diversity is I = 0 .0015. The 
estim ated  d istribu tion  is com patible with the negative binom ial d istribu tion  (x2 
= 4 .32 , x 2 = 22.36 (for p = 0.05), k = 13, p = 0.99] and  with the  logarithm ic series

(X2 = 6 .30, Xq = 22.36 (for p = 0.05), k = 13, p = 0.93].

T able VIII. D iagram  of sim ilarities of longhorn beetle com m unities in the developm ental stages of 
fresh  coniferous forests studied  in Puszcza Białowieska (u -  culture, m -  young stan d , d -  pole wood,

s -  m atu re  stand).

m d s

55% 67% 70%

m 59% 49%

d 85%

Sim ilarity  indices (P) for Cerambycidae  com m unities (after Sorensen) are  
p resen ted  in Table VIII.

It is  difficult to find species characteristic  of only one age c lass  of the  forest 
s ta n d , i.e. those which are only p resen t in either the cu lture, young stand , pole 
wood or m atu re  stand . Rare species, caugh t as single individuals, canno t be
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tak en  in to  account, since they m ay be p resen t a t a  given site only accidentally . 
W hen analysing  a b u n d a n t or frequent species, it can  be seen  th a t  som e do prefer 
certain  age classes. For example, Acanthocinus aedilis m ay be regarded  a s  
ch arac te ris tic  of m atu re  s tan d s  and cu ltu res, and  Cortodera fem orata , of pole 
wood a n d  m atu re  stands.

A nalysis of Sorensen’s indices obtained for every case described above show s 
th a t  the  pole wood and  m atu re  s tand  com m unities are the  m ost sim ilar. As h a s  
been  m entioned , th is  is due to the fact th a t  s tum ps and  clearing rem ains  in  the  
cu ltu re  serve as  a  kind of extension of the m atu re  s tand  for the cam bio- a n d  
xylophages described in th is  paper. The young s tan d  is the  stage m o st d istin c t 
from  o thers.

Trophic relations

For m o st species of both  Buprestidae  and  Cerambycidae registered in  the  
study , th e ir  host p lan ts  were also discovered in  the sam e area. Nearly all th e  
species registered belong to the  group of cambio- a n d /o r  xylophages. They 
develop in the  b a rk  (e.g. Alosterna tabacicolor), un d er the b a rk  (e.g. Rhagium  
inquisitor, A nthaxia  quadripunctata), or in the xylem of various trees a n d  s h ru b s  
(e.g. O xym irus cursor, Chalcophora mariana). The species inhab it different p a r ts  
of th e ir  h o st p lan ts, from the  roots (e.g. Pachy ta quadrimaculata), th ro u g h  the  
s tem  (e.g. A canthocinus aedilis, Buprestis rustica), boughs (e.g. Callidium  
violaceum, Chrysobotris igniventris) to th in  twigs (e.g. Tetrops praeusta , Agrilus 
angustulus). Different species also prefer different stages of bark , ph loem  a n d  
xylem  decom position. O ut of the 16 Buprestidae  species m entioned above, 10 
develop on coniferous trees (Pinus syluestris, Picea abies), while th e  o th e rs  
develop on deciduous trees (Quercus robur, BetuLa pendula) and  s h ru b s  (Salix  
caprea, C ytisus ruthenicus). O ut of the  49 species of Cerambycidae  know n from  
fresh  coniferous forests, 29 species develop on pine and  (or) sp ruce, 4  develop 
on bo th  coniferous an d  deciduous p lan ts, and  15 on deciduous trees a n d  s h ru b s  
(Q uercus robur, Betula pendula, Populus tremula, Frangula alnus, Carpinus 
betu lus  et al.). One species, nam ely Pseudovadonia livida, develops in the  soil, 
feeding on the m ycelium  of M arasmius oreades  (B o lt .) Fr . (B urakow ski 1979). 
The bionom ics of Cortodera fem ora ta  is also interesting. This species lays eggs 
into sp ru ce  cones high up  in canopies. The larvae subsequen tly  fall dow n w ith  
th e  cones onto the litter, and  leave the cones before pupation  occurs to com plete 
the  developm ental cycle in  the surface layer of the sod.

Of th e  B uprestidae  species which are dom inant in fresh coniferous forests, 
A nthaxia  quadripunctata  develops u n d er the bark  of insolated s tem s a n d  
b ran c h e s  of spruce, while A. subm ontana  in  the sam e p a rts  of pine trees.

Of th e  dom inant species of Cerambycidae, Spondylis buprestoides  w as m o st 
often found  in the xylem in s tu m p s and  in  the  lower p a rt of th ick  stem s of p ines, 
while Acanthocinus aedilis, u nder and  in the bark. Corymbia rubra, Arhopalus  
rusticus  a n d  A sem um  striatum  develop in the xylem in s tu m p s an d  the  lower 
p a rt of stem s of sp ruce  and  pine, while Rhagium inquisitor develops u n d e r the
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bark . S tem s of young pine and  spruce trees as well as b ranches of old trees of 
these  species serve a s  a  developm ent place for Pogonocherus decoratus  and  P. 
fascicu la tus. Dry upright tru n k s  of p ines and  spruces, usually  of m iddle age 
classes, accom m odate developing individuals of Acanthocinus griseus.

The imagines of m any species of buprestid  and longhorn beetles feed on flower 
pollen. The buprestids belonging to th is group include all species of the genus 
Anthaxia, which prefer yellow-coloured flowers, mostly of the families Compositae 
and  Ranunculaceae. Anthophilous Cerambycidae include representatives of the 
genera Acmaeops and  Stenurella as  well as  the following species: Molorchns minor, 
R h a g iu m  m ordax, P achy ta quadrim acula ta , G ram m optera  a b d o m in a lis , 
Pedostrangcdia pubescens, Leptura quadrifasciata, Anastrangalia sanguinolenta, 
Corymbia rubra, Stictoleptura uariicorrds, Brachyleptura maculicomis, Judolia  
sexmaculata, A lostem a tabacicolor, Pseudovadonia liuida, Strangalia attervuata. 
They prefer white-coloured flowers, mostly of the family UmbelLiferae. Some species 
eat leaf blades and  conifers, while for m any others there are no data  relating to th is  
aspect.

As far a s  an thophilous species are concerned, ap art from food resou rces for 
the  larvae, the  abundance  of food for im agines in  certain  h a b ita ts  m ay also affect 
the  “a ttrac tiveness” of these hab ita ts  for Buprestidae  and  Cerambycidae. The 
occurrence of certain  flowers in the  cu lture stage w as probably one of the  reasons 
why the  g roups u n d er study, especially pollen-feeding species, were relatively 
a b u n d a n t in  th a t  hab ita t.

CONCLUSIONS

1. The fresh coniferous forests of Puszcza Białowieska are characterized  by 
h ig h  s p e c ie s  r ic h n e s s  of Buprestidae  (16 sp e c ie s ) , a n d  e sp e c ia lly  of 
Ceram bycidae  (49), in com parison with o ther n a tu ra l objects of the  sam e type 
in  C entral Europe. A com parative analysis of succession  is no t possible as there  
are no papers dealing with succession in o ther regions.

2. The fresh coniferous forests of the area  under study  function a s  refuges 
for certa in  species rarely found in Poland or even in entire C entral Europe, su ch  
a s  Acm aeops marginata, Cortoderafemorata  and  A nthaxia funerula .

3. Noticeable differences have been observed in the species richness of 
Buprestidae  and  Cerambycidae of the cu lture, young s tand , pole wood a n d  
m atu re  s ta n d  stage in  a  fresh coniferous forest hab ita t in Puszcza Białowieska.

4. C u ltu res of pine, especially 1-4-year-old cu ltu res, are characterized  by rich  
B uprestidae  fau n a  and  relatively rich Cerambycidae  fauna, which is due  to th ese  
cam bio- and  xylophages m aking use of s tum ps and  clearing rem ains to develop 
in . T he co n sid e rab le  in so la tio n , w hich is p a rticu la rly  p refe rred  by th e  
exceptionally therm ophilous Buprestidae, also plays a  role here.

5. Young s ta n d s  accom m odate the lowest num ber of species of all t i e  age 
c lasses u n d er study. Decaying s tu m p s are not appropriate  for the breeding of 
m ost longhorn and  buprestid  beetles, and  th in  stem s and  b ran ch es  are n o t a  
su itab le  food for a  wider range of species.
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6. The pole wood is characterized by a  fau n a  of longhorn, and  particu larly  
b u p restid  beetles, th a t already bears some resem blance to the  fau n a  of a  n a tu ra l 
m atu re  forest.

7. M ature s ta n d s  are the  developm ental stage of fresh coniferous forest which 
is th e  r ic h e s t  in  th e  Buprestidae  a n d  Cerambycidae  species. They also  
accom m odate the  grea test num ber of rare  taxons and  form s th a t are in teresting  
from the zoogeographical viewpoint.

8. Species diversity of Buprestidae, a s  m easured  with S h an n o n  an d  W eaver’s 
an d  S im pson’s indices, increases as  the s tan d  grows older. In Ceram bycidae  the  
m odel is sim ilar except young s tands, where the diversity is a  little lower th a n  
in  the  cu ltu re  stage. In the  pole wood, however, Cerambycidae species diversity 
is definitely m uch  higher, to reach m axim um  values in m atu re  s tan d s.

9. The sim ilarity of Buprestidae  and  Cerambycidae  com m unities, calcu lated  
according to S ren sen ’s form ula, is the h ighest for the pole wood and  m atu re  
s tands.

10. In forest s ta n d s  p lan ted  after a  clear cutting  in  a  fresh  coniferous forest 
hab ita ts , the  b u p restid  and  longhorn beetle fau n a  reaches a  stage sim ilar to th a t  
observed in  m atu re  forests after 40-60  years. Some species, however, m ay only 
develop on older trees, e.g. Stictoleptura uariicornis, Pedostrangalia pubescens, 
M onochamus urussouii, Chalcophora mariana.

N atural Forest D epartm ent 
Forestry R esearch Institu te  
17-230 Białowieża
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STRESZCZENIE

[Tytuł: Zm iany w zgrupow aniach kózkowatych i bogatkow atych (Coleoptera: 
Ceram bycidae, Buprestidae) towarzyszące wtórnej sukcesji borów świeżych 
Puszczy Białowieskiej]

W la tach  1979-1994 badano  sk ład  gatunkow y i s tru k tu rę  zgrupow ań 
B uprestidae  i Cerambycidae  różnych stadiów wzrostowych (upraw a, m łodnik, 
drągow ina, starodrzew) borów świeżych (Vaccinia vitis-idaeae-Pinetum, Vaccinio 
myrtilli-PiceeŁum) P uszczy  B iałow ieskiej (po lsk iej i b ia ło ru sk ie j  części). 
Z astosow ano różne m etody pozyskiwania m ateriału , takie ja k  m etoda „na 
upatrzonego”, analizy m ateriału  lęgowego larw, pułapki M oericke’go zawieszone 
w k o ro n ac h  drzew  oraz n a  wysokości lm , analizy  drzew  posuszow ych, 
czerpakow anie oraz tzw. jesienne poszukiw ania szkodników sosny  w drągowinie 
i w starodrzew iach.

W borach  świeżych Puszczy Białowieskiej stw ierdzono w ystępow anie 16 
g a tu n k ó w  ch rząszczy  z rodziny  Buprestidae  i 49  g a tu n k ó w  z ro d z in y  
Ceram bycidae, w tym  niektóre gatunk i rzadkie w skali Polski czy Europy, ja k  
np. A cm aeops marginata, Cortodera fem ora ta  i Anthaxia  fu n eru la  (Tab. I, II). 
W y k azan o  w y raźn e  różn ice  w bogactw ie  g a tu n k o w y m  b a d a n y c h  g ru p  
poszczególnych stadiów  wzrostowych drzewostanów (Tab. III-V, VII).

Uprawy, zwłaszcza 1-4-letnie charakteryzują się bogatą  fa u n ą  Buprestidae  i 
s tosunkow o bogatą fau n ą  Cerambycidae, co w ynika z w ykorzystyw ania pniaków  
oraz resz tek  pozrębowych do swego rozwoju przez te kam bio- i ksylofagi. Pewną 
rolę odgryw a też duża  insolacja, preferow ana zw łaszcza przez wyjątkowo 
ciepłolubne Buprestidae.

M łodniki m ają  najuboższą gatunkow o faunę badanych  grup . Rozkładające 
się p n ia k i n ie  s ą  ju ż  odpow iednim  m ateria łem  lęgowym d la  w iększości 
kózkow atych i bogatkow atych, a cienkie pnie i gałęzie, przy dużym  zacienieniu, 
nie s ą  właciwą bazą pokarm ow ą dla szerszego spek trum  gatunków .
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D rą g o w in y  c h a ra k te r y z u ją  się  f a u n ą  b o g a tk o w a ty c h , a  z w ła sz c z a  
kózkow atych, zbliżoną do fauny naturalnego  starodrzewia.

N ajbogatszym  w gatunk i Buprestidae  i Cerambycidae  s tad ium  rozwojowym 
borów  świeżych w Puszczy Białowieskiej są  starodrzewie. G rupu ją  one te 
najw ięcej ga tunków  rzadkich i in teresu jących  z zoogeograficznego p u n k tu  
widzenia.

Różnorodność gatunkow a Buprestidae, m ierzona w skaźnikam i S h a n n o n a  i 
W eav e ra  o ra z  S im p so n a , w z ra s ta  w raz  z w iek iem  d rz e w o s ta n u . D la 
C eram bycidae  sy tuacja  je s t  podobna, z wyjątkiem  m łodnika, gdzie różnorodność 
je s t  nieco n iższa niż n a  uprawie. J e d n a k  w drągowinie różnorodność je s t  ju ż  
zdecydow anie wyższa, a  w starodrzew iu osiąga m aksym alne w artości.

Podobieństw o zgrupow ań Buprestidae  i Cerambycidae, obliczone według 
wzoru Sorensena , najwyższe je s t między drągow iną i starodrzew em  (Tab. VI, 
VIII).

F au n a  badanych rodzin chrząszczy w drzewostanach sadzonych n a  zrębach 
zupełnych n a  siedlisku boru świeżego osiąga s tan  zbliżony do obserwowanego w 
starodrzew iu po 4 0 - 60 latach. Jed n ak  niektóre gatunki mogą się rozwijać dopiero 
n a  drzew ach jeszcze starszych , np. Stictoleptura uariicomis, Pedostrangalia 
pubescens, Monochamus urussouii, Chalcophora mariana
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