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A bstract. The paper contains the results of study of pine forest Carabidae, living in five areas: 
Babimost forest distr. near Poznań, Bory Tucholskie, Puszcza Białowieska, Puszcza Biała and 
Roztocze NP. The sample size was 39 000 pitfall per day, 16 647 Carabidae individuals of 52 species 
were collected. Ecological, zoogeographical and faunistical analyses were carried out. The analyses 
showed that the conditions of Carabidae communities changed for the worse. This situation concerns 
especially Babimost and Bory Tucholskie communities.

INTRODUCTION

The following paper is a  p a rt of a  larger survey “Species com position and  
s tru c tu re  of pine forests fau n a”. The survey is the  first a ttem pt to com prehen
sively describe the fauna  of pine forests in Poland. In addition  to the ir scientific 
and  cognitive value, s tud ies  of pine forest fauna are im portan t in a  m ore practical 
sense, since a th re a t exists th a t pine forest in alm ost the  whole country  m ay be 
severely dam aged by noxious foliophagous insects, called “prim ary p e s ts” by 
foresters. In order to show how grave the problem  is, let u s  ju s t  m ention  th a t 
w ith in  the  last ten  years the  total area  of pine forest s ta n d s  endangered by 
prim ary pests h as  reached 7200 th o u san d  hectares (about 28 000 square  mi.), 
which is roughly equal to the  total area of all forests in Poland (Z w o liń sk a  1991).

The subject of th is  paper are ground beetles (Carabidae). These beetles play 
an  im portan t role in forest biocenoses — am ong o ther th ings they keep down 
larval stages of noxious foliophagous insects. Carabidae appear to be the  m ost 
n u m ero u s epigeic an im als of those caught in pit fall trap s . The taxonom y of 
Carabidae h as  been well studied, and  m ore and  m ore d a ta  are collected 
concerning th e ir ecology.

M any papers by Polish au th o rs  deal w ith the ecology of Carabidae of pine 
forests. The m ost com prehensive papers are those by G rum  (1971, 1976), 
L eśn ia k  (1972, 1980) and  S z y s z k o  (1974, 1983). Besides theses in ecology and
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faun istics  have been w ritten  in recent years (H u ru k  1989, M ężyk  1990, and  
P a j k e r t  1989) concerning Carabidae, w ith chap ters  on Carabidae of pine 
forests. It should  be stressed , however, th a t none of the papers m entioned above 
w as a  p a rt of a  complex research  over the  an im als of pine forests. TherefDre, the  
aim  of th is  work is no t only to exam ine the  cu rren t situa tion  of ground beetles 
in Polish coniferous forests, b u t also to estim ate th is taxon’s role and  signdicance 
to the fau n a  as  a  whole.

THE AREA AND MET! IODS OF RESEARCII

The researches were conducted con tinuously  during the vegetational seasons 
in  1986 an d  1987. The research  a reas  com prised m atu re  pine forest s ta n d s  
represen ting  Peucedano-Pinetum -type forest (Puszcza Biała an d  Puszczi Biało
wieska) an d  Leucobryo-Pinetum-type forest (Roztocze NP, Bory Tucholskie and  
B abim ost forest distr. n ea r Poznań). In term s of forest typology, both jn its  of 
vegetation belong to the  pine forest type of hab ita t (M a tu sz k ie w ic z , D e g ó r s k i ,  
K o z ło w s k a  1993).

The five a reas  m entioned above differ in te rm s of hylopathology. They are 
s itu a ted  in  different w holesom eness zones of forest s tands. According to Nun- 
b e r g  (1951), Babim ost forest distr. and  Boiy Tucholskie are located in the zone 
of co n stan t exposure to noxious p e s ts  insects, while Puszcza Biała, Duszcza 
B iałow ieska and  Roztocze PN are res is ta n t to pests. K o e h le r  (1971) cassifies 
only Bory Tucholskie in the  zone of the  g rea test exposure. According to him  
Puszcza Białowieska belongs to the  zone of low exposure to pests  m d  the 
rem aining th ree a reas  belong to m oderate exposure zone.

The a u th o r’s own stud ies  on the  m onitoring of forest soil fauna  m d  the 
occurrence of noxious insects during the last decade show N unberg’s classifica
tion to be m ore appropriate .

The ca tches were conducted in th e  following forest divisions:
B abim ost forest d istric t -  103, 105 
Boiy T ucholskie -  306, 340, 346 
Puszcza Białowieska -  538, 667, 668 
Puszcza Biała -  34, 38, 62 
Roztocze NP -  38, 178, 198.
In order to provide as  complete a  descrip tion of the  fau n a  of the m alysed 

a reas  a s  possible, a  couple of m ethods for collecting specim ens were enployed 
ap a rt from B arber’s  pitfall traps; including soil sifting, Moericke’s treps, and  
sw eeping nets . However, the  analysis of the collected m ateria ls of Ccrabidae 
proved once again  th a t  only B arber’s pitfall tra p s  (with ethylene gl>col) can  
provide a  vast and  objectively diversified sam ple of th is  taxon.

Thirty  trap s  worked con tinuously  in each of the  a reas  during the twD-years- 
long research . A total of 39 000 pitfall trap  per day were obtained (3000 in 
B abim ost forest distr. and  9000 in each of the rem aining objects). Onl) Carabi- 
dae  caugh t from May to Septem ber were taken  into consideration, siice only 
few g round  beetles can  be collected during the rest of the  year. Moreorer, only 
d a ta  obtained in th is  way can  be com pared to the resu lts  of o ther s tu d es . The
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total n u m b er of collected Carabidae w as 16 647 individuals of 52 species and  
17 genera.

In order to determ ine the ch arac te r of fluc tuations in Carabidae com m unities 
of pine forests, species sim ilarity indices and  qualitative-quantitative sim ilarity 
indices were calcu lated  for each of the analysed areas. The form er were obtained  
according to J a c c a rd ’s form ula, the  la tte r -  Bekhlem ishev’s m odification of 
J a c c a rd ’s form ula.

C la s s e s  o f  d o m in a n c e  a n d  fr e q u e n c y  w ere  d e te r m in e d  a n d  th e  a v er a g e  
b io m a s s  o f  a ll c o m m u n ity  m e m b e r s  w a s  c o u n te d  for th e  s a k e  o f  a n  e c o lo g ic a l  
a n a ly s is  (S z y sz k o  1983).

C lasses of dom inance -  th is  ecological characteristic  w as determ ined accor
ding to the following criteria:

I c lass of dom inance -  individuals of a  given species constitu te  m ore th a n
10% of the whole com m unity

II c lass -  the  figures range from 5.1 to 10%
III c lass -  from 1.1 to 5.0%
IV class -  less th a n  1.0%.
C lasses of frequency -  the  following classification w as adopted: 
c lass 1 -  the  species w as registered in 75.1-100%  of sam ples 
c lass 2 -  25 .1-75.0%  of sam ples 
c lass 3 -  10.1-25%  of sam ples 
c lass 4 -  less th a n  10.0% of sam ples.
The specim ens were also classified by th e ir trophic type as  large zoophages, 

sm all zoophages and  hem izoophages, the  last term  com prising species whose 
larvae are p reda to r and  im agines are phytophagous.

PRESENTATION OF RESULTS AND DISCUSSION

Table I p resen ts  the  d a ta  on the  n u m b ers  of Carabidae collected.

F au nistical analysis.

The m ajority of the  species collected are form s typical of pine forests. They 
have been registered in m ost of s tud ies  on Carabidae living in these hab ita ts . 
O ut of these species, the  m ost in teresting  are: Carabus intricatus L., Carabus 
cancellalus, M etabletus fo rvea tu s , and  Microlestes minutulus.

C. intricatus is now an  extrem ely rare  species, b u t as  m any as  72 individuals 
were collected in  Puszcza Biała. This species is typical for m atu re  deciduous 
forests. In the  region of Podlasie it w as recorded only in  two stud ies  -  by J a c o b s o n  
in 1901 and  by K a p u śc iń sk i and B o r u s ie w ic z  in 1950 (M r o c z k o w sk i, B u r a k o 
w sk i, S t e f a ń s k a  1964). The fact th a t so m any  individuals of th is  species were 
found in Puszcza Biała seem s to prove th a t these a reas  were afforested w ith 
deciduous trees during  p as t cu tting  ro tations. This hypothesis is s treng thened  
by the  analysis of soil types in these  areas. The soils also have an  influence, 
though  an  indirect one, on the m ore th a n  double increase in  the  n u m b er of 
Carabidae collected.
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Table I. Number of Carabidae (Coleoptera) caught in definite areas in 1986-1987.

Lp.

Areas Babimost forest 
distr. Bory Tucholskie Puszcza Białowieska Puszcza Biała Roztocze NI1 Total

division

species

103 105 sum 306 340 346 sum 538 667 668 sum 34 38 62 sum 38 178 198 sum

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1 Carabus coriaceus L. 14 10 24 0 5 0 5 1 2 7 10 22 98 54 174 4 31 61 96 309

2 C. intricatus L. 0 0 0 0 0 0 0 0 0 0 0 20 44 8 72 0 0 0 0 72

3 C. violaceus L. 0 0 0 63 41 7 111 13 37 18 68 3 65 17 85 170 79 35 284 548

4 C. convexus Fabr. 0 0 0 11 6 13 30 1 26 16 43 9 0 25 34 0 1 0 1 108

5 C. nitcns L. 0 0 0 0 2 26 28 0 0 0 0 0 0 0 0 0 0 0 0 28

6 C. grcmulatiis L. 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 2

7 C. ccincellatus III. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 6 3 11 11

8 C. circensis Herbest. 1 0 1 465 230 223 918 65 250 94 409 791 1787 1682 4260 224 737 694 1655 7243

9 C. nemoralis O. F. Muller 0 2 2 1 6 0 7 1 1 1 3 14 3 1 18 0 0 0 0 30

10 C. hortensis L. 2 0 2 8 4 4 16 76 66 196 338 2 0 33 35 5 30 2 37 428

11 C. glabratus Payk. 0 0 0 0 0 0 0 7 45 40 92 0 0 0 0 2 13 0 15 107

12 C. linnaei Duft. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 32 0 36 36

13 Cychrus attenatus  (Fabr.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1

14 C. caraboides (L.) 0 0 0 0 0 0 0 1 6 13 20 3 2 1 6 11 U 5 27 53

15 Ijeistus rufomarpinatiis (Duft.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 3

16 L. ferragineus (L.) 139 14 153 0 12 3 15 o o O o 1 1 O 9. O 0 0 0 170

17 L. piceus Frol. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

18 Notiophilus aquaticus (L.) 2 0 2 16 1 0 17 3 1 0 4 2 1 3 6 0 1 5 6 3 5

19 /V. btguttatus (F a b r .) 1 1 2 49 49 18 1 16 33 2 4 39 1 1 47 49 1 19 0 20 226

20 N. palustris (Durr) 3 0 3 4 1 0 5 5 2 2 9 0 0 1 1 0 0 0 0 18

21 Loriceracaerulescens (L.) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1

22 Broscus cephcilotes (L.) 0 0 0 0 1 0 1 0 0 0 0 2 0 0 2 0 0 0 0 3

23 Epaphius secalis (P ay k .) 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 2

24 Amarafam iliaris (Durr.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

25 A. lunicollis S c h i o d te 0 1 1 0 0 0 0 3 2 0 5 0 0 0 0 0 0 0 0 6

26 A. erratica ( D u f t . ) 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1

26 A. brunnea (G y l l . ) 0 0 0 0 0 1 1 24 1 1 13 48 0 0 0 0 0 0 0 0 49

28 A. axilica (P an z.) 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 3

29 Pterostichus cupreus (L.) 0 1 1 0 0 0 0 7 2 0 9 2 4 3 9 3 1 3 7 26

30 PI. uirens (O . F .  M u l l e r ) 0 0 0 1 0 1 2 1 0 0 1 0 8 7 15 0 0 3 3 21

31 Pt. augustatus  ( D u f t . ) 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 0 0 0 0 2

32 Pt. oblongopunctatus ( F a b r .) 20 6 26 62 131 273 4666 112 278 400 790 152 247 636 1035 62 223 131 416 2733

33 Pt. niger ( S c h a l l . ) 45 116 161 1 6 2 32 18 212 9 68 97 174 29 168 278 475 92 42 44 178 1200

34 P*. vulgaris (L.) 0 1 1 0 0 1 1 2 0 1 3 0 0 0 0 1 0 0 1 6

35 Pt. nigrita (F a b r .) 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1

36 Pt. strennus (P an z .) 0 0 0 0 0 0 0 0 2 0 2 1 0 0 1 0 0 0 0 3

37 Pt. aethiopis (P an z .) 0 0 0 0 0 0 0 0 39 29 68 15 57 105 177 182 127 83 392 637

38 Abax carinatus (Durr.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

39 A. parallelopideus ( P i l l ,  e t  M it t) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 2

C
arabidae 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

40 Calathus erratum (C. R. Sahi.) 43 0 43 7 4 4 15 1 0 0 1 2 12 13 27 0 1 1 2 88

41 C. melanocephalus (L.) 166 4 170 5 4 1 10 0 1 2 3 0 1 13 14 0 0 0 0 197

42 C. micropterns ( d u f t . ) 169 54 223 751 269 295 1315 43 23 134 200 90 102 222 414 1 0 5 6 2158

43 Synuchus niucdis (P an z.) 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 2

44 Agonum sexpunctatum  (L.) 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 2

45 Ag. assim ile  (P ayk .) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 2

46 Ag. obscuruni ( H e r b s t . ) 0 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5

47 Hcirpalus rufipes (d e  G e e r .) 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1

48 H. lotus (L.) 0 5 5 0 1 0 1 5 7 4 16 16 0 0 19 0 3 1 4 45

49 M etabletusfoneatus ( F o u r c r . ) 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1

50 Microlestes minutulus (G o e z e ) 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1

51 Cymindis humeralis ( F o u r c r . ) 1 0 1 6 1 0 2 0 0 0 0 0 0 0 0 0 0 4 4 7

52 C. vapovariorum  (1_) 5 0 5 1 1 0 7 0 0 0 0 0 0 0 0 0 0 0 0 12

Total 612 220 832 1613 801 889 3303 414 875 1073 2362 1177 2603 3154 6934 769 1365 1082 3216 16647
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C. cancelLatus, M. fouea tu s  and  M. m inutulus  are beetles of open a reas  th a t  
are found only in forests by chance. M .foveatus  and AL m inutulus are rare  species 
and  they  were never registered in Puszcza Biała and  Podlasie respectively.

16 ou t of 52 species recorded are form s very typical for pine forests. They 
were reg istered  in all of the  a reas  or in four of them . Their nam es are: Carabus 
coriaceus, Carabus uiolaceus, Carabus convexus, Carabus arcensis, Carabus 
nemoralis, Carabus hortensis, Notiophilus aquaticus, Notiophilus biguttatus, 
Notiophilus palustris, Pterostichus oblongopunctatus, Pierostichus niger, Calat- 
hus erratus, Calathus m elanocephalus, Calathus micropterus and  H arpalus latus 
(Tab. I).

Tw enty species were noted in one area  only. They fall into two categories. The 
first one com prises species like Cychrus a tienuatus  or Carabus linnaei th a t are 
found only in the  m o u n ta in s  and  p lateau  of so u th e rn  Poland and  not in the  
lowlands. The o ther group con ta ins sim ply rare  species th a t are  recorded only 
accidentally. Most of the species registered in two areas  only should  also be 
included in th is  group.

The m ost w idespread species are usually  the  m ost ab u n d a n t ones. This is a  
self-evident regularity, b u t exceptions to th is  rule do exist. For instance, 
H arpalus latus, N. aquaticus, N. palustris, Cychrus caraboides, Pterostichus 
cupreus, Pterostichus virens are very widely spread , b u t they  are no t num erous 
species.

E cological analysis

Table il p resen ts  da ta  on the abundance  of Carabidae in each analysed area, 
the  n u m b er of species and  the trapability  of specim ens caught. Com pared with 
resu lts  of o ther s tu d ies  on the  Carabidae of Polish forests, the  da ta  show th a t 
the  n u m b er of species falls betw een the  existing s tan d a rd s, while the nu m b er 
of individuals is alarm ingly low (with the exception of Puszcza Biała s tudy  areas). 
Sim ilar da ta  from 1978-1980 catches conducted in five national pa rk s  provide 
a good basis  for com parison (Le ś n ia k  1980).

Table II. Number of Carabidae (Coleoptera) caught in definite studied area.

Area Number of species Average trpability
Babimost forest distr. 21 0.28
Bory Tucholskie 25 0.37
Puszcza Białowieska 30 0.26
Puszcza Biała 26 0.77
Roztocze NP 32 0.36

Total 52 0.43

C u rren t average num bers of Carabidae caugh t per one pitfall trap  per day 
tu rn  ou t to be considerably lower th a t those of the  1978-1980 research. 
Following are the  da ta  from 1980:
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Name of the a rea  The num ber of C arabidae specim ens
per pitfall trap  per day 

Roztocze NP 0.87
Wolin NP 0.75
Bieszczady NP 0.42
Karkonosze NP 0.34

A conclusion can  be draw n from the above com parison th a t ten  years ago 
m ore of these useful insects were collected even in Karkonosze NP -  an  a rea  of 
a  recognized ecological d isaster -  th an  today not only in su lphur-free  Puszcza 
B iałow ieska as  well. One can, of course, m ake assum ptions th a t Carabidae  are 
now a  taxon “retrogradation” b u t the ecological and  zoogeographical analysed 
provide fu rth e r evidence for the  w orsening condition of Carabidae com m unities 
of pine forests.

Species sim ilarity and  qualitative-quantitative sim ilarity indices were com 
pu ted  for Carabidae com m unities of each analysed area  in order to determ ine 
the  ch arac te r of fluc tuations in Carabidae  com m unities in pine forests. The 
re su lts  are show n in detail in Table III. The indices, and  especially the  indices 
of species sim ilarity were usually  high, which proves th a t the a reas  were chosen 
appropriately. Puszcza Białowieska recorded the h ighest indices in relation to 
all the  rem aining areas, while the lowest -  especially Bekhlem ishev’s index of 
qualitative-quantitative sim ilarity -  were com puted for Babim ost forest distr. 
This is probably due to the fact tha t in th is  area  the analysed forest s tan d s  grow 
on form erly arable soil. On the o ther hand , it w as very easy to account for the  
lowest species sim ilarity indices noted for Roztocze NP in relation to all the 
rem aining areas. In geobotanical te rm s th is  area  belongs to the Pontic Division, 
an d  a nu m b er of m oun ta in  Carabidae species are found in th is p a rk  and n o t in 
any  of the  rem aining areas.

Table 111. Similarity of Carabidae (Coleopterci) communities — quantitative by Jaccard and qualita
tive by Bckhlemieshcv — in studied areas.

Babimost 
forest distr

Bory
Tucholskie

Puszcza
Białowieska Puszcza Biała Roztocze NP

Babimost Y 53.3 45.7 46.9 35.9
forest distr. 12.9 16.1 6.8 6.1
Bory x 52.9 54.5 40.0
Tucholskie 33.7 28.0 34.9
Puszcza Biała 55.6 62.5

A 25.4 29.3
Puszcza V 34.9
Białowieska 36.2
Roztocze NP X

Table IV p resen ts  the  detailed resu lts  of the  ecological analysis of the  
m ateria ls  collected. The following characteristics of Carabidae species are 
contained  there: type of a  phagous group, biom ass, dom inance index, frequency 
index.
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Table IV. General comparison of ecological data 1986-1987). Founctional groups: Z -  large zoophages, z -sm all zoophages. hz -  hemizoopha- 
ges. Zoogeographical elem ents. Explanation as in Tab. V. D -  dominance (class I-IV), F -  frequer °y (class 1-4)

No Species Functional
groups

Zoogeogra
phical

elements

Average 
biom ass of 
indyviduals

g

Areas

Babimost
forest
distr.

Puszcza Biała Puszcza
Białowieska Bory Tucholskie Roztocze NP

D F D F D F D F D F

87 87 86 87 86 87 86 87 86 87 86 87 86 87 86 87 86 87

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1 Carcibus coriciceus Z Epl 1.742 III 3 III III 4 4 IV IV 2 2 IV IV - - III III 3 3

2 C. intricatus Z Epl 0.61 1 - - IV III 3 3

3 C. violciceus Z P 0.75 - - III III 3 3 III III 4 3 III III 4 3 II II 4 3

4 C. convexiLs Z ES 0.27 - - IV IV 3 3 III III 3 3 IV IV 3 3 II II - 1

5 C. nitens Z EA 0.191 IV IV 2 2 - - - -

6 C. granulatus Z ES 0 .185 - - - - - - IV - 1 - - - - - IV IV 1 -

7 C. cancellaius Z ES 0 .317 IV IV 2 2

8 C. arcensis Z P 0 .219 11 1 I I 4 4 I I 4 4 I I 4 4 I I 4 4

9 C. nemoralis Z Epl 0.4 II 1 IV IV 2 3 IV IV 1 1 IV IV 1 2 - - - -

10 C. hortensis Z Epl 0 .548 II 1 IV IV 3 3 I I 4 4 IV IV 2 3 Ill IV 3 2

11 C. glabratus Z WA 0.704 III III 3 3 - - - - IV IV 2 2

12 C. linnaei Z Eplg 0.201 III III 3 3

13 Cychrus attenatus Z Eplg 0.17 IV IV 1 1

14 C. caraboides Z EA 0.214 - - - - 2 - IV IV 2 3 - - - - IV IV 3 3

C
arabidae 

of pine 
forest in 

Poland 
1
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

15 Leistus rufomarginatus z Epl 0 .036 IV IV 1 -

16 L. ferragineus z EA 0.025 I 4 IV IV 1 1 - - - - IV IV 2 2 - - - -

17 L. piceus z Eplg 0.031 IV IV 1 -

18 Notiophilus aquaticus z H 0.007 IV 1 IV IV 1 1 IV IV 1 1 IV IV 1 3 IV IV 1 2

19 N. biguttatus z P 0.007 IV 1 III IV 3 2 III III 3 3 III III 3 4 IV IV 2 2

20 N. painstris z P 0 .007 IV 2 IV - 1 - IV IV 2 2 - IV - 1 - - - -

21 Loricera caerulescencens z H 0.027 - IV 1

22 Broscus cephalotes Z ES 0.281 - - IV - 1 - - - - - - IV - 1 - - - -

23 Epa{)hius sccalis z P 0 .003 IV IV 1 1

24 AmaraJamiliaris hz P 0 .013 IV IV - -

25 A. lunicollis hz P 0 .019 IV 1 - - - - IV IV - 1

26 A. erratica ( D u f t . ) hz H 0 .013 IV 1 1 I I 1 1 I I 1 1

27 A. brunnea ( G y l l . ) hz H 0 .013 III III 3 3 IV - 1

28 A. aulica (P an z.) hz P 0 .033 IV 1 IV IV 1 -

29 Pterostichus cup reus (L.) z P 0.078 IV 1 IV IV 2 2 IV IV 1 2 - - - - IV IV 1 2

30 Pt. virens (O . F .  M u l l e r ) z ES 0.084 - - IV IV 3 2 IV - 1 - - IV - 1 IV IV 1 1

31 Pt. augustatus  ( D u f t . ) z Epl 0 .057 IV 1

32 Pt. oblongopunctatus (F a b r .) z P 0 .057 Ill 3 I I 4 4 I I 4 4 I I 4 4 I I 4 4

33 Pt. niger (Sch a l l . ) Z ES 0.22 I 4 II III 4 4 II III 4 3 III II 3 4 II II 3 4

34 Pt. vulgaris (L.) Z ES 0.134 IV 1 - - - - IV - 1 - - IV 1 - IV - 1 -

35 Pt. nigrita (F a b r .) z P 0.004 IV 1

36 Pt. strennus (P a n z .) z P 0.013 - - - IV - 1 - IV - 1 - - - - - - - -
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37 Pt. aethiopis (P an z .) z Epl 0 .093  | - - III III 4 4 III III 3 3 - - - - I I 4 4

38 Abtuc cnrinatus (Duft.) Z Eplg 0.158  , - - - - - - - - - - - - - - IV - 1 -

39 A. pcirallelopideus ( P i l l ,  et Mrrr) Z Epl 0.28 - - - - - - - - - - - - - - IV - 1 -

40 Calathus erratus (C. R. S a h l) z P 0.046 II 3 IV IV 3 3 IV - 1 - IV IV 2 3 - IV - 1

41 C. melanocephalus (L.) z P 0.019 I 3 IV IV 2 2 IV - 1 - IV IV 1 3 - - - -

42 C. micropterus (duft.) z P 0 .019 I 4 II II 4 4 II I 4 4 I I 4 4 IV IV 1 1

43 Synuchus nivalis (P an z.) z ES 0.019 - - I- - - - - - - - - - - - IV - 1 -

44 Agonum sexpunctalum  (L.) z P 0 .027 IV - 1 IV - - 1

45 Ag. assim ile  (Payk.) z P 0.061 IV - 1

46 Ag. obscurum  (1 Ierbst.) z H 0 .013 IV 1

47 Herpalns nifipes (de Geer.) hz P 0 .126 - - IV - 1 - - - - - - - - - - - - -

48 11. lotus (L.) hz P 0 .045 IV 1 IV IV 1 2 IV IV 2 2 IV IV - 1 IV IV 2 1

49 Mctabletus foreatus  (Fourcr.) z P 0 .002 IV 1

50 Microbites minutulus (Goeze) z P 0.002 - - - - - - IV - - 1 - - - - - - - -

51 Cymindis humeralis (Fourcr.) z ESr 0 .048 IV 1 IV IV - 1 IV IV 1 1

52 C. vapovariorum  (L.) z P 0 .027 IV 2 IV IV 1 2 - - - -
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The trophic type functional group

As far a s  trophic type is concerned, Carabidae fall into three categories:
-  large zoophages -  form s preying on large epigean invertebrates like larvae 

of noxious foliophages, snails, etc.
-  sm all zoophages -  p redato r form s th a t regulate the  ab u n d an ce  of sm aller 

invertebra tes in the  sapro trophic  sub-system
-  hem izoophages -  species whose larvae are carnivorous and  im agines are  

phytophagous.
Fig. 1 show s the  percentages of the m entioned above functional g roups in  

Carabidae  com m unities of the  stud ied  objects.

BABIMOST
FOREST BORY PU SZ C ZA  PUSZCZA

80 DIST. TUCHOLSKIE BIAŁOWIESKA BIAŁA ROZTOCZE NP.

7 0 -

8 0 -

5 0 -

4 0 -

3 0 -

20-

Z z h z  Z z h z  Z z h z  Z z h z

Fig. 1. Contribution of the functional groups in Carabidae (Coleoptera) com m unities in 1986-87.
Z -  large zoophages. z -  small zoophages. hz -  hemizoophages

The a u th o r’s form er s tu d ies  of Carabidae  living in areas of the g radation  of 
foliophages and  in National Parks have show n th a t with decreasing soil fertility 
large zoophages would become less a b u n d a n t in a  com m unity and  the n u m b er 
of sm all zoophages would grow. W here the hab ita t w as seriously  dam aged by 
m an , the  n u m b er of hem izoophages would also rise. The cu rren t d a ta  intriguing: 
the  total ab u n d an ce  of Carabidae  com m unities h a s  decreased, b u t the  s tru c tu re  
of phagous groups h as  improved (the percentage of large zoophages has  incre
ased). T his m ay resu lt from large-scale changes taking place in Polish forests: 
once solid coniferous forest s ta n d s  have been considerably th inned  (as a  resu lt 
of in d u stria l pollution, decreasing underground  w ater levels, p est damage).

L.
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Owing to th is, deciduous p lan ts  could en ter the  brushw ood as  well a s  the  second 
floor of the  forest s tand . These changes m ight have resu lted  in b e tte r  conditions 
for large zoophages.

The d iagram s show th a t  Babim ost forest distr. and  Bory Tucholskie display 
a different p a tte rn  of proportions betw een the functional g roups th a n  the 
rem ain ing  three areas. Sm all zoophages are the dom inant group in th e  two areas, 
which is indicative of worse environm ental conditions for Carabidae com m uni
ties. T his is also an  indirect indication th a t forest’s  health  conditions in  these 
s ta n d s  are bad. The d a ta  for Puszcza Białowieska Carabidae com m unity  are also 
a larm ing  -  the proportions of large and  sm all zoophages are equal there  and  the 
proportion  of hem izoophages is the  highest for all areas. This is indicative of the 
p resence of some intensive stressor. One possible explanation m ay be d is tu r
bances of w ater balance in Puszcza Białowieska.

The average biom ass of individuals of all Carabidae species in a  given 
com m unity  (S z y sz k o  1983).

The m ateria ls collected were sufficient to coun t the average individual 
b iom ass for the  com m unities of each area. The figures are a good indication  of 
w hether a  given environm ent is fit for ground beetles. One can  also m ake 
estim ations abou t the forest s ta n d ’s potential for growth using these  figures 
since they  correlate with soil fertility. They are also closely correlated  with the 
afore-m entioned s tru c tu re  of phagous groups. The following figures were obtai
ned:

The nam e of the area  The average dry m ass  of one individual
B abim ost forest distr. 0 .114 g
Bory Tucholskie 0 .127 g
Puszcza Białowieska 0.211 g
Puszcza Biała 0 .227 g
Roztocze NP 0 .278 g

Com pared with o ther characteristics, these figures seem  to be good estim a
tions of th e  s ta te  of the environm ent. In the above chart, living conditions for 
Carabidae, s ta te  of health  of forest s ta n d s  and their potential for growth have 
been grouped progressively from the w orst to the  best.

D om inance and frequency in C a r a b id a e  com m u n ities

The analysis of the  d a ta  on dom inance and  frequency s tru c tu re s  show s 
Carabidae  com m unities to possess a  high degree of organization and  stability. 
The stud ied  species have usually  not changed the ir dom inance of frequency 
c lasses over time. A m ore detailed analysis show s th a t the  rare changes th a t do 
occur are actually  inconsiderable. It is norm ally “bo rder-case” species th a t 
change th e ir  dom inance or frequency classes. The stability  of Carabidae  com 
m un ities  proves once again th a t th is  taxon is a  prim e object for bioindicative 
stud ies. Less stable s tru c tu re s  are not th a t useful for th a t purpose, especially 
w hen the hab ita t conditions are rapidly changing.
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As can  be seen, the  con tribu tions of the  m ost ab u n d an t species (the first class 
of dom inance) to the  com m unities are very high (Fig. 2). A high contribu tion  of 
eudom inan t species is indicative of environm ental conditions th a t  are  unfavou
rable for the forest and  its epigic com ponents (L eśn iak  1979). This holds true  
especially for Babim ost forest distr. and  Boiy Tucholskie, which corresponds 
w ith the resu lts  of o ther analyses.
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Fig. 2. Contribution of dominance classes in Carabidae (Coleoptera) communities in 1986-87
I, II, III, IV — dominance classes.

Figure 3 p resen ts  d a ta  on dom inance for the 5 m ost a b u n d a n t species in each 
area. The following species ap p ear to be the m ost ab u n d an t in the five areas (in 
the  descending order of to tal contribu tions of the species to the com m unities of 
various areas): Carabus arcensis, Pterostichus oblongopunctatus, CaLathus mic- 
ropterus, Pterostichus niger, Carabus horterxsis, Carabus violaceus, Leistus 

ferrugineus, Pterostichus aethiops, Calathus melanocephalus, Notiophilus bigut- 
tatus, Calathus erratus. These species are the  m ost typical representatives of 
pine forest Carabidae  com m unities.
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Fig. 3. Contribution of 5 the most abundant species in C arabidae (Coleoptera) comm unities in 
1986-87. 1 -  Carabus arcensis, 2 -  Ptemstichus ohlongopunctatus, 3 -  Calathus micropterus, 4 -  
Pteroslichas niger, 5 -  Carabus hortensis, 6 -  Carabus violaceus, 7 -  Leistus ferrigineus, 8 -  
Pterostichus aelhiops, 9 -  Calathus melanocephalus. 10 -  Notiophilus bigultatus, 11 -  Calathus erratus

Z oogeograph ica l an a ly s is

The basis  for classifying Carabidae  a s  different zoogeographical elem ents w as 
th e  a u th o r’s  own classification (Le ś n ia k  1987). The d a ta  in Tab. V  concerning 
th e  percen tages of Carabidae species and  individuals classified as  different 
zoogeographical elem ents provide yet fu rther evidence for the hypothesis th a t  
the  s itua tion  in Polish forest is deteriorating. A considerable increase in the  
percentage of palearctic  species is a sign of th is alarm ing process. Com pared 
w ith the  re su lts  of a  sim ilar zoogeographical analysis carried  ou t only ten  years 
ago, the  cu rren t re su lts  show th a t severe unfavourable changes have been  tak ing
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place. In Roztocze NP, for instance, the  m oun ta in  elem ent am oun ted  to  31.8% 
of the com m unity; now it only am oun ts  to 12.5%. The zoogeographical analysis 
also po in ts to B abim ost forest distr. and Bory Tucholskie as the  m ost endangered  
regions.

Table V. Contribution of zoogeographical elem ents of the Carabidae communities (% number of 
species/%  number of specimens). Zoogeographical elements: H -  Holarctic, P -  Palearctic, ES -  

Euro-Siberian, EA -  Euroarctic, ESr -  Euro-Mediterranean. Epl -  European forest provinces, Eplg
-  European forest provinces-mountain.

Zoogeogaphical elem ements H P ES EA ESr Epl Eplg

Area

Babimost forest distr. 9.5 57.1 9.5 4.8 4.8 14.3 0
0.8 57.8 19.5 18.4 0.1 3.4 0

Bory Tucholskie 8 48 20 8 4 12 0
0.5 89.9 7.4 1.3 0.1 0.8 0

Puszcza Białowieska 10 50 20 6.7 0 13.3 0
2.2 65.9 9.4 4.7 0 17.8 0

Puszcza Biała 3.1 46.1 15.4 7.7 0 23.1 0
0.2 85.3 7.6 0.1 0 6.9 0

Roztocze NP 3.1 37.6 21.9 6.2 3.1 15.6 12.5
0.2 74.6 6.1 1.3 0.1 16.5 1.2

Total 9.6 42.3 15.4 7.7 1.9 15.4 7.7
0.5 80.2 8.1 2.1 0 8.5 0.2

SUMMARY

The following conclusions can  be draw n from the analysis of the  da ta  
obtained:

1. Com paring the cu rren t d a ta  to the resu lts  obtained in 1980, we can  say 
th a t  the ab undance  of the  Carabidae h as  fallen, b u t the  n u m b er of species h a s  
not changed.

2. A d istinct (more th a n  double) increase in the abundance  of Carabidae  in 
Puszcza Biala, as  com pared to o ther a reas  is due to m ore fertile soil.

3. The s tru c tu re  of trophic type g roups has  also changed -  the con tribu tion  
of sm all zoophages h a s  increased.

4. The observed high con tribu tion  of eudom inan t species is due to cu rren tly  
unfavourable environm ental conditions.

5. The con tribu tion  of zoogeographical elem ents of the  E uropean  forest 
province h a s  decreased, while the  contribution of the  palearctic elem ent h a s  
increased.
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6. All the analyses show  the  com m unities of Babim ost forest distr. and  Bory 
Tucholskie to be in the  w orst condition. Both of these a reas  are s itua ted  in  the 
zone of constan t exposure to noxious insects.
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STRESZCZENIE

[Tytuł: Carabidae (Coleoptera) borów sosnowych Polski.]

W latach  1986 i 1987 badano  skład gatunkow y i s tru k tu ry  zgrupow ań 
Carabidae sosnowych borów świeżych.

Odłowy w ykonano przy użyciu standardow ej m etody pu łapek  B arbera  z 
glikolem etylenowym. W ielkość próby wynosiła 39 tys. dobocylindrów. W pięciu 
badanych  obiektach: nadleśnictw o Babim ost, Boiy Tucholskie, Puszcza Biało
w ieska, Puszcza Biała, Roztoczański Park Narodowy odłowiono 16 647 osobni
ków Carabidae należących do 52 gatunków . M ateriał ten  poddano analizie 
faunistycznej, ekologicznej i zoogeograficznej.

Uzyskano następu jące  ważniejsze wyniki:
1. Znacznie spad ła  liczebność łowionych Carabidae  (w s to su n k u  do rezu lta 

tów uzyskiw anych w badan iach  sprzed dziesięciu laty), ale nie zm niejszyła się 
liczba gatunków .

2. W yraźnie wyższa była liczebność zgrupow ań Carabidae w obiekcie Puszcza 
Biała, co je s t związane z wyższą żyznością gleb.

3. Zm ieniła się też s tru k tu ra  grup  fagicznych -  wzrósł udział dużych zoofagów.
4. Stwierdzono wysoki udział eudom inantów  w zgrupow aniach, co wiąże się 

z niekorzystnym i obecnie w aru kam i środowiskowymi.
5. Stwierdzono zm niejszenie udziału elem entu zoogeograficznego europejskiej 

prowincji leśnej n a  korzyść elem entu palearktycznego.
6. Najgorszy s ta n  zgrupow ań C arabidae- potwierdzony w szystkim i analizam i 

stw ierdzono w obiektach: nadleśnictw o Babim ost i Bory Tucholskie, to je s t  w 
strefie stałego zagrożenia naszych lasów przez szkodliwe owady.
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